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Foreword

The 2015 Workshop on the Impact of Pen and Touch Technology on Education
was the ninth annual iteration of this conference. Researchers and practicing K-16
educators converged to the mutual benefit of each group. The conference content
was a rich amalgam of keynote speakers, research papers, presentations by prac-
ticing teachers of classroom techniques that they found worthwhile, and hands-on
You-Try-It sessions. People had ample opportunity to connect with one another to
explore ideas and practices, yielding a stimulating cross-pollination in a diverse
community.

Our tagline for the conference was “The Perfect Storm,” carefully chosen to
emphasize the converging conditions that provide opportunity as well as risks.

Many of us watched the initial excitement but subsequent malaise around the
Microsoft Tablet PC, and felt that the tremendous impact that tablets could and
should have on education—often testified to by WIPTTE researchers—wasn’t being
broadly realized. Some wondered when, or even if, it ever would be. But now—it
may seem sudden but in reality developed over a couple of years—things are moving
rapidly forward.

A perfect storm is the concurrency of multiple events that combine to create an
extremely powerful weather phenomenon. We are seeing this same concurrence
now around digital ink, much of it spurred by this year’s host, Microsoft but also
evident in a flurry of new tablets emphasizing the advantages of digital ink,
including (after the conference) the Apple iPad Pro and Pencil.

Microsoft’s rededication to software exploiting digital ink and touch in educa-
tion was evident in sponsor’s talks by the Office team that recently released
OneNote Class Notebooks for O365—an application inspired by WIPTTE 2013
presentations followed by a lunch brainstorming meeting!—and the originators of
education-oriented applications Sway and Mix. Wacom also described its innova-
tions in a sponsor keynote address.

On the hardware side, the release of the Surface Pro 3 has captured the eye of the
media as no ink-based tablet computer ever has. Other hardware vendors are fol-
lowing suit, exploring innovative, varied and very functional designs for systems
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supporting ink on devices that are increasingly affordable. Samsung is an alternative
hardware platform with pen support. Wacom and the Surface Pro team gave
sponsor talks on hardware design with education in mind.

Another development of potentially profound import is recent research showing
the advantages in learning and problem-solving for students using digital pens in
contrast to typing or even using traditional writing and sketching tools. The first two
WIPTTE 2015 keynote speakers, Pam Mueller and Sharon Oviatt, presented their
landmark research on this subject.

Abetting these developments is the shift toward new “twenty-first century”
forms of pedagogy that rely on digital technology, and the building out of school
infrastructure capable of supporting it. We at WIPTTE are contributing to all
of these, and by showcasing best practices also support crucial professional
development activity. Though much remains to be done, it is indeed a perfect storm,
and one which bodes well for those in this community and in education at large
who focus new developments.

The conference organizers are grateful to the many sponsors who have so
generously funded us this year and without whom this whole affair would have
been impossible. As Platinum level sponsors, we have Microsoft (Windows,
OneNote, Surface Pro, Surface Hub, and Research), in addition to their support as
host. Wacom is a Gold level sponsor. Fujitsu is a Silver level sponsor. Bronze
sponsors are DyKnow, PDF Annotator, and the Sketch Recognition Lab of Texas
A&M University. All were vital to the success of this conference.

We want to acknowledge here the hard work put in by all of the members of the
organizing committee. Special praise goes to Tracy Hammond and her amazing
students from Texas A&M. The conference would not have happened without
them.

And last, thank you to all who attended. Every presentation, whether a keynote
or a poster, represents many hours of work on the part of the presenter. Every
attendee had to juggle other priorities to realize the opportunity to learn from and
contribute to this community. Together, we will continue to push the capabilities of
digital ink and touch technologies as powerful tools for education.

St. Louis, MO, USA Mark Payton
Redmond, WA, USA Dr. Jonathan Grudin
January 2016 WIPTTE 2015 Co-chairs
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Introductions and Welcome



Chapter 1
Introduction

Tracy Hammond, Aaron Adler, and Stephanie Valentine

Abstract Derived from contributions to the Workshop on Pen and Touch Technol-
ogy on Education (WIPTTE) in 2015, this edited volume highlights recent develop-
ments for pen and tablet research within the education system with a particular focus
on hardware and software developments, comprising the perspectives of teachers,
school and university administrators, and researchers for educators at every level.
Split into six distinct parts, the book explores topics like how classrooms are increas-
ingly using sketch-based videos, created by teachers and students alike, and how the
teaching of key skills such as literacy, languages, math, and art via pen and touch
technologieswithin the classroomare leading to improvements in engagement, learn-
ing, and retention levels amongst students. Future perspectives of digital learning, as
envisioned by current high school students, are also explored

1.1 Introduction

This monograph represents a collection of papers from the 2015 Workshop on the
Impact of Pen and Touch Technology on Education (WIPTTE) held from April
28th through 30th on the Microsoft Campus in Redmond, Washington, USA. The
workshop was chaired by Dr. Jonathan Grudin, Principal Researcher at Microsoft
Researcher, and Mark Payton, Director at Technology and Library Resources at
Whitfield School.
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The 2015WIPTTEmarks the 9th annual instantiation of the workshop, organized
first in 2006. Each year the workshop is held in a different location and has been
growing stronger from year to year. In 2016, the workshop will be held on the Brown
University Campus in Providence, RI, USA. In 2016, the WIPTTE will be updated
to a conference status, with the new name being the Conference on Pen and Touch
Technology in Education (CPTTE). It will be chaired byAndries van Dam, Professor
of Computer Science at Brown University.

As highlighted in the Foreward by theworkshop chairs, JonathanGrudin andMark
Payton, this year marks a great amount of innovation for pen and tablet research, not
only are software advances allowing computers to react more cleverly, but also great
strides in hardware aremakingTabletPCs feel closer to traditional pen and paper,with
frictionful pens and screens that provide an integrated experience. The workshop and
this volume define how pen and touch computing are positively impacting modern
education.

1.2 WIPTTE 2015—Keynotes

In 2015, the workshop had four keynote speakers: Pam Mueller, Dr. Sharon Oviatt,
Anthony Salcito, and Dr. Richard Anderson. Keynote speakers were starting the
opening session on each of the workshop days. Pam Mueller and Dr. Sharon Oviatt
started off the workshop on Tuesday, the first day of the workshop. Anthony Salcito
started off Wednesday, and Dr. Richard Anderson started off the last day of the
workshop on Thursday.

Pam Mueller gave a talk entitled “The Pen is Mightier than the Keyboard” in
which she discussed the advantages of taking notes with a pen over using a keyboard
based on the data she collected during a recent study she conducted. PamMueller is a
graduate student at Princeton University, and is working towards her Ph.D. in social
psychology. She received her B.S. in psychology from Loyola University Chicago in
2002, and her J.D. fromHarvard LawSchool in 2008. Prior to law school, sheworked
as a press secretary for Howard Dean’s presidential campaign on Capitol Hill. Before
entering graduate school, she practiced trademark, copyright, and false advertising
law. She has published on a wide range of topics, from perceptions of knowledge
and intentionality in legal cases to potential issues with the use of crowdsourcing
websites for experimental data collection. Her research on laptop and longhand note
taking was covered by many media outlets in the U.S. and abroad, including the New
York Times, The Atlantic, NPR, the BBC, and the Sydney Morning Herald.

Dr. Sharon Oviatt gave a talk entitled “Computer Interfaces Can Stimulate or
Undermine Students’ Ability to Think” in which she talked about the advantages of
using pens in the classroom setting. Sharon Oviatt is internationally known for her
multidisciplinary work on human-centered interfaces, educational interfaces, multi-
modal and mobile interfaces, pen and speech interfaces, and technology design and
evaluation. She has published over 150 scientific articles in a wide range of venues.
She is an Associate Editor of the peer-reviewed journals and edited book collections
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in the field of human-centered interfaces, including the journals Human Computer
Interaction and ACM Transactions on Intelligent Interactive Systems. She was the
recipient of a National Science Foundation Special Creativity Award for pioneer-
ing research on mobile multimodal interfaces. She also received the inaugural ICMI
Sustained Accomplishment Award for innovative, long-lasting, and influential con-
tributions to defining the field of multimodal and multimedia interaction, interfaces,
and system development. Sharon currently serves as President and Director of Incaa
Designs Nonprofit. She originally received her Ph.D. in Experimental Psychology
at the University of Toronto. For the most part of her career, she has served as a
professor of Computer Science, as well as a faculty member and taught at Psychol-
ogy and Linguistics departments. In 2013, Sharon published The Design of Future
Educational Interfaces (Routledge). Her latest book, The Paradigm Shift to Multi-
modality in Contemporary Computer Interfaces (co-authored with Phil Cohen) will
be published in 2016.

Anthony Salcito made a presentation entitled “Microsoft Worldwide Education
Talk” in which he discussed Microsoft’s impact on pen computing and K-12 educa-
tion around the world after a Drum Cafe start-off. Anthony Salcito is Vice-President
of Worldwide Education at Microsoft. Anthony’s talk was a collocated talk with the
E2 Global Educator Exchange, which hosted 300 educators from around the world.

Dr. Richard Anderson presented a talk entitled “Reflections of Classroom Presen-
ter” describing the lasting impact of the Classroom Presenter application. Richard
Anderson is a Professor from the University of Washington in the Computer Sci-
ence and Engineering Department. Classroom Presenter is a TabletPC application
developed to allow instructors more flexibility presenting the material during classes
through the introduction of digital ink. The application achieved widespread use
by early adopters of the TabletPC, and continues to be used in classrooms around
the world. This talk described the history of Classroom Presenter, developed while
the author worked at Microsoft, as well as a reflection on how the initial vision of
Classroom Presenter could be applied today.

1.3 WIPTTE 2015—Socialization

One of themain benefits of theworkshop is the networking opportunities that encour-
age university and high school pen and touch researchers to intermingle. WIPTTE
is unique in that it blends perspectives from a wide variety of researchers, including
high school teachers, technology administrators, college deans, university professors,
and others interested in pen and touch technology and its impact in education.

Beyond the interactive lunches, talks, and other sessions, the workshop provided
three socialization sessions. The first evening of the workshop (Tuesday) started off
with a poster session at a welcome reception collocated with the E2 Global Educator
Exchange (Fig. 1.1). The E2 consisted of three hundred educators from all over
the world discussing innovative technology for the classroom. The combined event
provided a unique opportunity for WIPTTE researchers to present their research to
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Fig. 1.1 Laura Barreto and Seth Polsley presenting their posters on Maestoso and Mechanix at the
E2 Global Educator Exchange Poster Session

a new group of educators. WIPTTE poster presenters were inundated with clever
questions from hundreds of educators.

Wednesday evening provided a WIPTTE dinner cruise on the Argosy Spirit of
Seattle as it cruised down Lake Washington, a 22-mile long deep freshwater ribbon
lake situated between Seattle, Bellevue, and Redmond. WIPTTE researchers spent

Fig. 1.2 TAMU Sketch Recognition Lab researchers on the boat cruise at WIPTTE, from left to
right: Cassandra Oduola, Blake Williford, Raniero Lara-Garduno, Seth Polsley, Lab Director Dr.
Tracy Hammond, Andy Hurley, Laura Barreto, Stephanie Valentine, and Paul Taele
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two hours in deep discussion on the day’s riveting talks with a beautiful view of
Seattle. Figure1.2 shows a group of TAMU Sketch Recognition Lab researchers
enjoying the view.

On Thursday evening the members of the workshop took a field trip to the Kent
Technology Exposition. The Kent School District, south of Seattle, has over 40
schools and 25,000 students. Every year the students and staff organize a large
technology integration showcase in an exposition hall in Kent. Kent, a diverse
school district, for years has engaged in technology initiatives that have attracted
recognition.

1.4 Monograph Organization

WIPTTE 2015 included four keynotes, seven emerging technology talks describing
new technology in development, eleven technology-in-practice session describing
research experiments in the classroom, nine You-Try-It sessions, and five highlights
of previously published research at other peer-reviewed conferences. All paper sub-
missions were peer-reviewed by 3–5 expert researchers in the field. Dr. Aaron Adler
of BBN was the Paper Chair of the workshop, and handled the assignment of the
paper reviews. Accepted papers were invited for resubmission as a chapter in this
edited volume. Those papers are organized as follows:

1.4.1 Part I: Introduction

Jonathan Grudin and Mark Payton kick off this book with a foreword to both this
book and the workshop.

1.4.2 Part II: Why We Pen and Touch

This section includes two papers that help to inspire us to do more research on pen
and touch research. The first by Sharon Oviatt, “Computer Interfaces Can Stimu-
late or Undermine Students’ Ability to Think” discusses the influence of computer
input tools and various interfaces on human thought and performance. The chapter
summarizes how and why the quality of a computer interface matters. To promote
learning, students need high-quality interfaces that can support complex content
creation activities and pen interfaces are especially good candidates for achieving
this objective. Such interfaces are more expressively powerful than the keyboard,
because they support people’s ability to communicate information involving differ-
ent representations, modalities, and linguistic codes. Oviatt describes a number of
ways that pen input has been shown to be better than typing in recent literature: Hand-
drawn diagrams help students view and interpret information. Students communicate
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more nonlinguistic content and produce a greater amount of ideation and variation
in their scientific hypotheses. And students using a pen show greater fMRI activity
than those using a keyboard. Additionally, the digital pen encouraged students to
draw a greater number of diagrams, draw more correct diagrams, and make more
correct interpretations than when using a regular pen. She highlights the battle pen
researchers and educators are up against, as students still claim to prefer typing even
being made aware that their grades dropped a full grade point when typing instead
of hand-drawing.

The second chapter, by Microsoft Researchers Ken Hinckley and Bill Buxton,
“Inking Outside the Box: How Context Sensing Affords More Natural Pen (and
Touch) Computing” discusses the concept of “pen AND touch” interaction on touch-
screens from different perspectives. They analyze how human manual activity. The
user is holding the tablet, how the user is gripping the pen, and how each device is ori-
ented andmoving relative to the other, with all of these having the potential to consid-
erably enrich interaction with tablets. Even when additional sensors are few, certain
techniques allow for supporting richer,more natural, andmore nuanced pen and touch
interaction.

1.4.3 Part III: Novel Tutoring Systems and Intelligent Ink

Pen and touch have come a long way, with the digital pen not just laying down ink
on a page, but also providing intelligence about the content sketched. Researchers
combine techniques from artificial intelligence and other domains to allow for real-
time tutoring or provide other high-level information based on the ink. Systems in
this chapter range from teaching students how to write, math and algebra skills,
engineering statics, how to draw, Asian languages, and music, as well as evaluating
medical stroke effects.

In this section’s first paper “Design Studies for Stylus and Finger-Based Interac-
tion in Writing Instruction on Tablets,” the authors Thompson, Tanimoto, Berniger,
andNagy present new instructional softwareHAWK(HelpAgent forWritingKnowl-
edge) for the essentials of writing, that runs on tablets. The lessons are designed to be
used for typically developing oral and written language learners (OWLs) as well as
children and youthwith specific learning disabilities impairing subword letterwriting
(dysgraphia), word reading and spelling (dyslexia), and oral and written language
syntax (OWL LD). The instructional material embedded in the HAWK software
consists of 18 units called lessons. Each lesson is intended to be taken by a student
in a single session of approximately two hours. The authors focused on providing
graphical feedback to students in the context of a stylus and touch-based interface
for the basic educational activity of learning to write letters of the alphabet. Each
lesson provides a variety of activities, so that a student is sufficiently stimulated to
continue and complete each lesson. In trials with an after school K-12 subject group,
the use of the software improved the writing capabilities of most students.
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In “Tablet-based Technology to Support Students’ Understanding of Division,”
authors Koile and Rubin tested a new tablet-based tool designed to help upper ele-
mentary students develop a strong understanding of division in a 4th grade classroom.
The tool provides an interactive visual model for the process of division and lever-
ages students’ understanding of the array as a model for multiplication. Their results
indicate that the tool has helped students increase their understanding of division and
multiplication.

In “A Tablet-BasedMath Tutor for Beginning Algebra,” authorsWang, Bowditch,
Zelenik, Kwon, and LaViola provide a first version of an interactive mathematical
tutor application that allows for a flexible, investigative approach that closely mimics
the established method of solving an equation on paper. Mistakes found by the
application are conveniently highlighted and explained to the student without any
need for them to define what solution strategy they applied. When presented to a
small group of students in a pilot study, results demonstrated that the application
provided an enjoyable experience and helped students be more careful in their work.

In “Leveraging Trends in Student Interaction to Enhance the Effectiveness of
Sketch-BasedEducational Software,” the authors Polsley, Ray,Nelligan,Helms, Lin-
sey, and Hammond analyze student activities from using Mechanix—a sketch-based
grading and tutoring system, primarily designed for engineering statics courses—in
order to find trends that may be used to make the software a better tutor. The data
showed a significant correlation between student performance and the amount of
time students work on a problem before submitting, with students who submit their
results too often performingworse than thosewhowork on a problem longer. Another
interesting conclusion was that there is a strong correlation between being willing to
switch among problems and better performance. Overall, the authors conclude that
student trends like these could be paired with machine learning techniques to make
more intelligent educational tools.

In “PerSketchTivity:An Intelligent Pen-BasedEducationalApplication forDesign
Sketching Instruction,” Williford, Taele, Nelligan, Li, Linsey, and Hammond intro-
duce PerSketchTivity, an intelligent pen-based computing educational application
that teaches engineering students how to practice their design sketching skills through
stylus-and-touchscreen interaction. This application provides feedback and improves
motivation and self-regulated learning.

In “An Intelligent Sketch-Based Educational Interface for Learning Complex
Written East Asian Phonetic Symbols,” Taele and Hammond demonstrate prelimi-
nary results on an intelligent sketch-based educational interface developed specifi-
cally for assessing students’ sketched input of complex East Asian languages pho-
netic symbols. After evaluating separately sketching data from novice and expert
writers, the authors were able to achieve reasonably robust performance for both
visual structure and technical correctness of our workbook interface.

In “AStylus-Driven Intelligent Tutoring System forMusic Education Instruction,”
Barreto, Taele, and Hammond present a stylus-driven intelligent tutoring system for
music education instruction. The proposed systemprovides an accessible educational
application Maestoso with an intelligent sketch user interface that is designed for
novice students interested in learning music theory through a series of interactive
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music composition lessons and quizzes. The proposed systemuses appropriate sketch
and gesture recognition techniques to automatically understand the student’s input
and generates feedback. Novice students who tested the application reported that
they were able to grasp introductory music theory concepts from a single session
using Maestoso.

In “SmartStrokes: Digitizing Paper-Based Neuropsychological Tests,” Lara-
Garduno, Leslie, and Hammond introduce SmartStrokes, a testing suite that imple-
ments digital versions of common clinical neuropsychology pencil-and-paper tests,
with the purpose of helping to automate and analyze patient sketches using the prin-
ciples of sketch recognition. The tests include Trail Making test, Clock Drawing test
and Rey-Osterrieth Complex Figure Test. Additionally, SmartStrokes includes a con-
venient Doctor-Patient confidential patient registration system. The current studies
involve performing sketch recognition analysis on the two variations of the Trail-
Making Test, that have allowed predicting user age based on broad age categories.
Future work will focus on addingmore neuropsychological tests into the testing suite
in order to generate more sketch data that can be used to develop a more compre-
hensive prediction model.

1.4.4 Part IV: The Empowering Effects of Multimedia
Generation

Classrooms are increasingly using sketch-based videos as part of the learning process.
These videos are made not only by the teachers, but also by the students themselves.
This section describes how multimedia generation is being integrated to motivate
young children to communication online, to improve learning in math and other
subjects both in the U.S. and in Africa.

In “TheDigital Sash: A Sketch-BasedBadge System in a Social Network for Chil-
dren,” Valentine, McMurtry, Borgos-Rodriguez, and Hammond describe a sketch-
based reward system for promoting the practice of digital citizenship skills within a
custom social network (KidGab) for children aged 7–12 years. To earn badges, chil-
dren complete fun, creative sketching activities and short writing tasks. The authors
give examples of the most popular badges and responses for each.

In “A Cyberensemble of Inversion, Immersion, Shared Knowledge Areas, Query,
andDigitalMedia-Making in STEMClassrooms,”Hamilton, Foe-Aman, Foe-Aman,
and Ramirez-Gamez discuss the initial results on the use of digital ink in the flipped
classroom approach in mathematics courses in the USA, Ghana, and Namibia. The
authors discuss and analyze how a “cyberensemble” of various technologies can
contribute to the learning environment and improve performance. The “cyberensem-
ble” consists of the following elements: use of pen-based computing, “collaborative
workspaces” allowing teachers and students to view each others’ work in real time,
video production for creativity, agent-based dialog and query system, flipped class-
room, and low cost mobile devices. The initial design was guided by the following
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theoretical themes: learner engagement, question-asking and self-explaining, and the
mathematical cognition theory of dualism, necessity, and repetition.

In “A Model and Research Agenda for Teacher and Student Collaboration using
Pen-Based Tablets in Digital Media Making in Sub-Saharan Africa”, Hamilton,
Kapenda,Mbasu,Miranda,Ngololo,Ogwel, Sarmonpal, andStern report their results
on the introduction of pen-based mathematics video-making to both mathematics
teachers and students in Kenya and Uganda in summer 2010 and early 2011. Inter-
view data were collected in video recordings. The core digital making entails the use
of pen-based tablet computers to create videos for teaching science and mathematics
concepts in alignment with state and national curriculum. Results were visible along
several dimensions: (1) Learners exhibited a high affective valence and enthusiasm
for media-making with their teachers; (2) Important relational shifts occurred and
were reported by both teachers and students; and (3) Students and teachers alike
engaged in cognitive re-imagining and re-imaging of one another’s roles and of
subject matter. Some overarching themes in the responses of both teachers and stu-
dents address the role of pen-based media making in nurturing personal creativity,
building precision into mathematical and scientific expression, fostering deep and
immersive engagement, promoting collaboration between students and teachers, and
introducing newpossibilities formore effective instructional approaches. The authors
believe that collaborative instructional media-making may occupy an exceptionally
promising role in helping to meet ideals for universal and effective, highly engaging
education.

In “A System Dynamics Approach to Process Evaluation of Pen-Based Digital
Media Making Projects,” authors Okumu, Kato, and Chalise describe a study in
which both qualitative and quantitative measurements are used to understand not
only the effect of the pen-based experiences in the classroom but also how changes
occur. The authors introduce novel metrics for quantitative evaluation through the
coding of raw data using causal loop maps. The authors implement their method to
evaluate a pen-based summer program that has been in place over the last three years
at Pepperdine University, from which the authors concluded that active engagement
of both teachers and students was crucial to improve the quality of the learning
environment.

In “Student Producers: OneNote, Camtasia Studio, and the Authentic Project,”
Ploesser describes a classroom implementation of usingmultimedia in the classroom.
The teachers and students at Whitfield School were using digital ink in OneNote
notebooks in the 10th grade Modern World History: 1800-Present classroom. All
students saw the benefits of using digital ink in OneNote in their daily homework
assignments. At the end of the school year students were making educational videos
for The Boeing Company. Using digital ink allowed for a unique approach to peer
collaboration as well as teacher feedback throughout this project.

In “An Aqua Squiggle and Giggles: Pre-Teens as Researchers Influencing Little
Lives through Inking and Touch Devices,” Zimmerman describes a study on ink and
touch devices used in middle school classrooms. The primary objective of this study
was to analyze the human connection and touch screen laptop use in a cross-age
mentoring model with middle school and preschool students in an urban indepen-
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dent school representing 27 ethnic groups. Non-traditional grouping of sixth- and
seventh-graders in a 1:1 laptop environment utilized production and internet tools to
facilitate their own data collection as they researched and tracked learning of the little
buddy they mentored in literacy projects. The data showed students in this grouping
becoming active pursuers of relational bondingwith preschoolers and simultaneously
developed a mindset parallel with that of adult teacher-researchers. Touch and ink-
ing unexpectedly became the tool that helped facilitate interpersonal conversational
skills and social emotional development with English Language Learning.

1.4.5 Part V: Technology in the Wild: Classroom Perspectives

Pen and touch has been shown to improve retention and understanding in a num-
ber of studies. This section describes a number of classroom success stories where
including inking in the classroom improves engagement, learning, and retention, in
university, high school, middle school, and elementary schools in subjects such as
math, chemical engineering, social studies.

Technology-enhanced instructional delivery is increasingly becoming the norm
in the delivery of the engineering curriculum. In the first chapter on “Inking Peda-
gogy” the authors Pokorski, Okoth, Nandy, Fowlin, Amelink, and Scales reviewed
the key developments that some signature engineering schools have undertaken to
foster the use of inking technology in the last two decades. The studied schools
include Virginia Tech, Georgia Tech, and University of Southern California. At Vir-
ginia Tech researchers studied the effect of the Tablet PC on instructional strategies
for structured computer use in classrooms. They found that there are best practices
that can be nurtured to realize the full potential of classroom technologies. Among
the best practice examples were: collecting student generated content and class-
room polling questions, which positively contributed to higher student engagement.
Another group of researchers found that overall there was statistical significance and
a positive relationship when student use of the Tablet PC was correlated with their
learning behavior. The study also revealed that peer collaboration, metacognitive
self-regulation, organization, and critical thinking were among the learning behav-
iors that were enhanced through exposure to inking technology in instruction. At
Georgia Tech, there was a study conducted with the Tablet PC to evaluate students’
attitudes about technology in pedagogy. The results indicated that interaction in class
improved with the use of the technology whereby instructors made heavy use of the
inking technology. The students’ assessment of the Tablet PCs averaged ‘Very Good’
and ‘Excellent’ especially citing how the DyKnow software enabled them to scroll
back to previous slides and interact/annotate the presentation as well as play-it-back
after class. Researchers at California State University investigated the interactivity
advantage of inking in education. The research picked up general educational affor-
dances that inking provided the students, among them: spontaneous augmentation of
prepared material, guided attention, natural pacing, and finally electronic archiving.
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In “The Impact of Undergraduate Tablet PC Use on Retention in STEMMajors,”
Romney studied the impact of a Tablet PC implementation in undergraduate col-
lege algebra and trigonometry (CAT) on student attendance, performance, learning
outcomes, classroom evaluation, and retention in science, technology, engineering,
and mathematics (STEM) majors. While a number of measures were increased for
TabletPC classes, such as class attendance (96% vs. 99% for Tablet PC classes) stu-
dent learning outcomes, and student evaluations, these differences were not signifi-
cant. However, two increased measures were statistically significant; student reten-
tion in STEM was higher and average time to graduation was lower in the Tablet PC
group.

In “Analysis of Student Perspectives on using Tablet PCs in Junior and Senior
Level Chemical Engineering Classes,” Palou, Ramirez-Apud, Ramirez-Corona, and
Lopez-Malo, used a previously developed How People Learn framework to redesign
one junior-level chemical engineering course entitled Kinetics and Homogeneous
Reactor Design as well as two senior-level courses, Catalysis and Heterogeneous
Reactor Design and Process Dynamics and Control in Universidad de las Amri-
cas Puebla in Mexico. The goal was to improve chemical engineering teaching and
learning by creating high-quality learning environments that promote an interac-
tive classroom while integrating formative assessments into classroom practices by
means of Tablet PCs and associated technologies. In the studied courses, the authors
mainly utilized three Tablet PC associated technologies, OneNote, InkSurvey, and
Classroom Presenter to gauge student learning in real time, provide immediate feed-
back, and make real-time pedagogical adjustments as needed. To analyze how stu-
dents evaluated the use of Tablet PCs and associated technologies, semi-structured
interviews we conducted. Five overall themes emerged: student experience in using
Tablet PCs (they found it very useful, and most of the students considered it to be
a very enriching experience that enhanced their learning), impact on learning (was
evaluated as favorable), potential of Tablet PCs and associated technologies (use
of Tablet PCs allowed for a greater understanding of the topics discussed in class,
increased students’ motivation and participation), formative assessments (real-time
feedback allowed visualization of ideas and opportunity to revise immediately), as
well as advantages and disadvantages of using the Tablet PC in studied classrooms
(advantages are comfort of taking notes and increased level of participation, while
connecting to network can be a distraction).

In “Student Demonstrations of Learning: Making Thinking Visible using Pen and
Touch,” Kassissieh and Tillinghast describe how teachers and students at University
Prep (Seattle, WA) used digital ink and virtual manipulation to increase the flex-
ibility of formative assessment in a variety of subject areas. This paper describes
the conceptual basis for work with a formative assessment and shares examples of
student use of digital ink and virtual manipulation in different class settings, with
middle school students using iPads and upper school students using touchscreen lap-
tops. General purpose apps for writing, drawing, and making explainer videos have
gained adoption more quickly at University Prep than subject specific learning apps
that use a very specific pedagogical model.
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In “The Integration of Inking, Touch, and Flippingwithin theMathematicsMiddle
School Classroom,” Williams, a middle school math teacher, reports on her experi-
ence over the last eight years introducing inking technology and flipped classroom
approach. The author started in 2008 with converting a textbook to a digital for-
mat. The major benefits of replacing notes, practice, and extra practice materials for
one full semester included having all materials in one well-structured place that any
instructor or student could easily use, and allowing students the tactile experience
of writing in a versatile textbook. The electronic textbook and other resources were
created over the period of three summers. The inking technology was used through-
out the e-text to complete problems with verbal explanation while screencasting to
create the videos. Now inking is used daily by students for taking notes, creating
videos, and to build organizational and study skills, and the inking also helps keep
students engaged in classroom activities. The flipped classroom model proved to be
more efficient as evidenced by higher test scores but student feedback for flipping
was mixed.

In “DYKNOWas aTool forDifferentiation: ExploringAlternativeWays toAssess
in the Middle School Social Studies Classroom,” Mata evaluated the DYKNOW
software use for assessment in a middle school social studies classroom. DYKNOW
software is a tool that is used to differentiate for students’ learning needs by providing
them with several multimedia options that allow them to utilize their computers to
read, annotate, record, type, and ask for feedback from the teacher. DYKNOWallows
teachers to monitor students progress in the class, monitor and limit Internet usage,
as well as engage in teacher student communication during the class without making
disruptions. The digital ink feature proved to be very beneficial as it provides clear
immediate feedback about a student’s written piece.

In “Personalizing Student Learning using the MyEduDecks Application through
Teacher Supervision andPeer-to-PeerNetworks,”Kothuri, Cohen,Wilke, andOwens
describes how the MyEduDecks platform was used to aid a class of third grade
Technology Literacy in the South Fayette Intermediate School. The application is a
pen-based digital flashcards program coded by several students at South Fayette High
School over a development period of three years. The vision for MyEduDecks is that
students will be able to make their own decks of flashcards, and practice the decks
created by their teacher, as many times as necessary for students to fully understand
the concept. The results showed that the MyEduDecks is an effective teaching tool
for elementary instructors and personalizes the education of every student to fit their
individualized needs.

1.4.6 Part VI: Voices of the Future: Student Perspectives

WIPTTE 2015 hosted the second WIPTTE High School Contest, with the first one
held at WIPTTE 2014 on Texas A&M University Campus in College Station, TX.
The contest was held on the first day of WIPTTE 2015, and was organized by
TAMU Sketch Recognition Lab Ph.D. candidates Stephanie Valentine and Cassan-
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Fig. 1.3 TexasA&MUniversity SketchRecognitionLabPh.D.Candidate andHighSchool students
Contest Chair Stephanie Valentine briefing the judges before the high school make their final
presentations on Tuesday evening

dra Oduola. Four high school teams and nineteen students competed for top prizes.
Figure1.3 shows Stephanie Valentine briefing the judges before the high school stu-
dents’ final presentation. The first chapter in this section describes the contest in
more detail and is followed by a paper written by four high school students’ and their
teacher, detailing their reflections from the workshop.

1.5 Conclusion

WIPTTE 2015 brought together diverse audiences of researchers, educators, and
students fromvaryingbackgrounds.Themajor characteristic that unified these groups
is an ongoing commitment to discovering ways to leverage digital ink and touch
interfaces to support teaching and learning. The sharing of experiences and best
practices during the workshops continues to provide the basis for a new community
of tablets-in-education researchers, practitioners, and thought leaders.

Starting in 2016, the conference will be renamed to represent the growing pres-
ence of the community to CPTTE (Conference on Pen and Touch Technology in
Education). To participate in this community and find out more, visit http://www.
cptte.org.

Many other people contributed a great deal of time and energy to make these
conferences successful. Thank you to all of the participants and other supporters.

Finally, we thank you, the reader, for your ongoing interest in trying to make
education better through the intelligent application of digital ink and touch.

http://www.cptte.org
http://www.cptte.org
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Chapter 2
Computer Interfaces Can Stimulate
or Undermine Students’ Ability to Think

Sharon Oviatt

Abstract Computer input capabilities, such as a keyboard or pen, substantially
influence basic cognitive abilities, including our ability to produce appropriate ideas,
solve problems correctly, andmake accurate inferences about information.Compared
with keyboard interfaces, computer input tools that can be used to express information
involving different representations, modalities, and linguistic codes—or expressively
powerful interfaces—can directly stimulate human thought and performance. This
chapter summarizes how and why the quality of a computer interface matters. It also
discusses implications for establishing a new generation of digital tools that are far
better at supporting thinking and reasoning, with special implications for designing
more effective educational technologies.

2.1 Introduction

During the last decade, mobile devices that incorporate new input modes have
eclipsed keyboard-based graphical interfaces as the dominant computer interface
worldwide [20]. There likewise has been a shift toward expanding users’ options for
entering input to a computer, including using a digital stylus, gestures, multi-touch,
speech, gaze, facial expressions, a multitude of sensors, and multimodal combina-
tions of these input modes. These changes are expanding users’ expressive power to
create and manipulate digital information. They also are making it possible to select
an input tool that is best matched for a particular task. These changes in computer
interface design are enabling critical improvements in the design of new educational
technologies.

In a very basic sense, any high-quality educational interface must be a rich com-
munications interface, as illustrated in Fig. 2.1. From a communications perspective,
expressively powerful interfaces support users’ ability to convey information involv-
ing different modalities, representations, and linguistic codes. Since language is a
carrier of thought, more expressively powerful interfaces are capable of directly and
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Fig. 2.1 Richly expressive communication interfaces that support multiple modalities, representa-
tions, and linguistic codes (copyright Lawrence Erlbaum Assoc., source [17] used with permission)

substantially stimulating human cognition. The aim of research on designing more
expressively powerful computer interfaces is to develop a new generation of far more
effective thinking tools [18].

2.2 Why Pen Interfaces Support Thinking and Learning

Educational interfaces need to be designed as rich communications interfaces that
increase students’ engagement, communicative activity, and related thinking and rea-
soning in the domains about which students are learning. One reason that pen inter-
faces are a promising input tool for facilitating active learning is that they support
expression of a broad range of linguistic and nonlinguistic representational content,
including numbers, symbols, diagrams, and words (Fig. 2.1, right side). They also
provide a single input tool for easily shifting among different types of representation
while working on a problem. For example, when given a geometry word problem,
a student may first diagram the relation between objects, then generate algebraic
expressions using symbols and numbers, and finally summarize their calculations
using linguistic content. Such a flexible flow of expressions helps to preserve stu-
dents’ focus of attention and working memory resources while solving a problem.
In an important respect, a digital pen that facilitates casting information in different
representations, and translating among them, also supports perspective shifting in
thinking about a problem.
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Pen interfaces and the durable ink trace they create help students to view
information, group related information, and retain it in memory—which facilitates
reasoning about new domain content. The ability to use a pen to sketch or diagram
information is considered to be a foundation for thinking and reasoning [8]. Diagram-
ming objects and relations facilitates a more precise and elaborated understanding of
the information depicted, and supports insight. It also deepens and improves students’
transfer of learning to new contexts [15, 23, 24].

2.3 How Pen Interfaces Influence Communication
and Cognition

Recent research has revealed that the same students accomplishing the same tasks
communicate more when using a digital tool than an analogous non-digital one [22].
That is, digital tools elicit more total communicative fluency. This research also
demonstrated that different input capabilities, such as a keyboard versus digital pen,
have affordances that prime qualitatively different types of communicative content.
Students expressed 44%more nonlinguistic representational content (e.g., numbers,
symbols, diagrams) when using pen interfaces. In contrast, when they used a key-
board the same students now expressed 36% more linguistic content (e.g., words,
abbreviations) and also more complete sentential constructions. These differences in
communicative fluency generalized across tasks involving different types of thinking
and reasoning, and were replicated in both low- and high-performing students [22].

These differences in communication pattern corresponded to striking changes in
students’ cognition. In particular, when students used the digital pen and wrote more
nonlinguistic content, they generated 36% more appropriate biology hypotheses.
The regression analysis shown in Fig. 2.2 (left) reveals that knowledge of individual

Fig. 2.2 Regression analysis showing positive relation between nonlinguistic communicative flu-
ency and ideational fluency left; Regression showing negative relation between linguistic commu-
nicative fluency and ideational fluency right (copyright ACM, source [22] used with permission)



22 S. Oviatt

students’ level of nonlinguistic fluency when using different interfaces accounted for
72% of all the variance in their ability to produce appropriate biology hypotheses
[22]. That is, interface support for expressing nonlinguistic content predicted most
of the variance in students’ ability to generate appropriate scientific ideas.

However, when the same students used the keyboard interface and communicated
more linguistic content, the regression analysis shown in Fig. 2.2 (right) indicates
that they experienced a substantial drop in science ideation. In this case, knowledge
of students’ level of linguistic communication had a negative predictive relation
with their hypothesis generation. It accounted for 62% of the variation in students’
inability to produce science hypotheses.

In other tasks involving science problemsolving, students using a digital pen rather
than keyboard interface made more structured diagrams and elemental “thinking
marks”. Thinking marks are informal pen marks that students make, for example
on text or visuals when they are preparing to solve a problem, in which they count,
select, order, group, label, and mark up relations between problem elements so they
can understandwhat the problemmeans. This type of elemental inkmarking occurs at
substantially higher rates in low-performing students, and it has been associated with
24.5% more correct problem solutions [22]. Likewise, a higher rate of constructing
diagrams in this research was associated with 36% more correct problem solutions.

These results emphasize that pen input facilitates active marking, whether in the
form of structured diagrams or more elemental ink marks. In this regard, pen inter-
faces are effective in helping students to externalize their thinking in spatial forms.
Pen interfaces also lower the barrier for both low- and high-performing students to
become actively engaged trying to solve problems. The spatial constructions that stu-
dents produce in turn help them to understand and solve problems with substantially
improved success.

2.4 Limitations of Keyboard Interfaces for Thinking Tasks

Keyboard interfaces were never designed as thinking tools. In fact, they constrict
the representations, modalities, and linguistic codes that can be communicated when
using computers [18]. For example, keyboards support textual information, but not
multimodal transmission involving sketch, writing, speech, gesturing, body lan-
guage, and other rich modalities. In addition, they support expressing language and
numbers, but are poorly designed for constructing spatial representations like dia-
grams and symbols.

Keyboard interfaces also present amajor handicap for expressingworld languages
that are not Roman alphabetic ones, which includes about 80% of languages such as
Mandarin, Hindi, and Japanese. Such languages can be complex, spatially intensive
(e.g., diacritics, logograms), and include a large number of linguistic units that require
many-to-one mappings with each key [4, 9]. Estimates indicate that less than 15%
of the world’s 6,800 languages are supported by keyboard Unicode mappings, so
most languages are not used on the Internet or computers at all [11, 25]. For all
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of the above reasons, keyboard interfaces are better suited for conducting relatively
mechanical tasks, such as text processing, emailing, and searching the Internet. They
are less well suited for completing extended thinking and reasoning tasks.

2.5 Neuroscience Findings on Writing Versus Typing

In the course of evolution, people’s use of new physical tools has shaped related
brain functions [27]. For example, the advent of stylus implements 6,000 years ago
stimulated writing and reading skills that launched literacy and modern education.
The manual action of writing symbols, and then reading them, led to structural
specialization of the brain region for visual object recognition [3, 14]. The visual
cortex reorganized in response to reading activity, creating the visual word form area
(VWFA) that now supports literacy.

In both children and adults, activelywriting letters has been shown in fMRI studies
to increase brain activation to a greater extent than passively viewing, naming, or
typing them [6, 7, 10, 12, 13].

Compared with typing, writing letter shapes also improves the accuracy of sub-
sequent letter recognition, a prerequisite for successful comprehension and reading.
These studies have been replicated in children learning their first language, and in
adults learning a second one. They also have been replicated inRoman alphabetic lan-
guages (e.g., French, English) and in Asian languages that are not Roman alphabetic
ones (e.g., Bengali, Mandarin).

This research has emphasized that physical activities directly prime perception
and comprehension of related content. This action-perception loop represents an
Embodied Cognition theoretical view of learning [1]. Writing complex letter shapes
creates a long-term sensori-motor memory, which is part of an integrated “reading
neural circuit” [16]. This writing activity leads to a more elaborated and durable abil-
ity to recognize letters later whenwe read them. Further research has documented the
impact of writing versus typing on spelling and other aspects of written composition,
as well as on the content of ideas expressed during written composition [2, 5].

2.6 How Digital Tools Can Facilitate Thinking

As introduced in Sect. 2.3, people communicate at higher levels when using a digital
tool than an analogous non-digital one. In one study, the same students solved the
same problems about science, but used an Anoto-based digital pen and paper for
half their tasks, and a regular pen and paper for the other half. The physical tools
that students used (i.e., pen and paper) looked nearly identical in both cases, but they
understood that the digital pen was a small computer that could transmit and process
their input. Perhaps surprisingly, when using the digital pen to complete inference
tasks, students drewmore total diagrams and more correct Venn diagrams. They also



24 S. Oviatt

Fig. 2.3 Chain of activity—ideation refinement, in which pen interface elicitedmore diagramming,
more correctly formed diagrams, and more accurate inferences about the displayed content than an
analogous non-digital pen (copyright ACM, source [22], used with permission)

made more accurate inferences about the related domain content [22]. When using
the digital pen interface, compared with the regular pen, students constructed and
visually explored the diagrams they had made, which stimulated thinking about the
content and a higher level of inference accuracy.

The summary in Fig. 2.3 illustrates this enhanced chain of activity-ideation refine-
ment. One implication is that non-digital materials (e.g., pen and paper) are not more
optimal for supporting education than digital tools. In the research described, a dig-
ital pen analogue of non-digital materials elicited a higher level of communicating,
which facilitated students’ cognition and also improved their performance.

2.7 Students’ Lack of Metacognitive Self-Awareness
About Computer Interfaces

Although students often are adept at operating computers procedurally, many studies
have shown that they are unaware of when and how to use computers to best support
their own performance. This research has uncovered a “Performance-Preference
Paradox”, or a mismatch between the computer input tool that students say they
prefer to use and the one that best supported their performance during the study.
During these studies, students first had the opportunity to use a variety of different
interfaces. Then they were interviewed about which interface they preferred to use
if they had to perform their best on a high-stakes Advanced Placement exam. All
studies uncovered a mismatch between students’ stated beliefs and the interface that
actually supported their performance the best [19, 21, 22].

For example, students often reported a preference to use a keyboard-based inter-
face, even though their performance dropped a whole grade point when using it com-
paredwith alternatives like a pen interface. Longitudinal studies have revealed that the
Performance-Preference Paradox becomes more accentuated over time, rather than
attenuating as students gain experience with different interfaces. The Performance-
Preference Paradox has been observed in both high- and low-performers, although



2 Computer Interfaces Can Stimulate … 25

it is more prevalent in low-performing students whose meta-cognitive skills are
weaker [26].

New technology fluency curricula in the schools could improve students’ ability
to evaluate technology critically and self-regulate their use of it. When technology
classes are taught, too often they focus on basic procedural skills involving the use
of elementary applications like Excel, rather than critical evaluation of technology,
its features and design, and its impact on performance. The aims of technology
fluency training should include dispelling unrealistic expectations about computer
technology, and improving students’ judgment, self control, and critical thinking
skills so they can use it more productively.

2.8 Conclusions

To stimulate thinking and learning in students, high-quality interfaces are required
that can support complex content creation activities, including students’ ability to
construct diagrams, complex letter shapes, and other forms related to curriculum
goals. Pen interfaces, and multimodal ones that incorporate pen input, are especially
good candidates for achieving this objective. Such interfaces are more expressively
powerful than the keyboard, because they support people’s ability to communicate
information involving different representations, modalities, and linguistic codes.
As discussed in this chapter, interfaces with these properties can directly stimulate
human thought and performance, and they are especially well suited as educational
technologies. Other promising directions for developing educational technologies
include tangible interfaces, conversational interfaces, mobile interfaces, and hybrid
interfaces that combine these properties. In the future, one major challenge will be to
develop new technology fluency curricula that can teach students to critically evalu-
ate technology, and also to self regulate their use of technology tools to better support
their own performance.
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Chapter 3
Inking Outside the Box: How Context
Sensing Affords More Natural Pen
(and Touch) Computing

Ken Hinckley and Bill Buxton

Abstract The authors were invited to present a reprise of a recently-published paper
on Sensing Techniques for Tablet + Stylus Interaction at the WIPTTE 2015 Work-
shop. The talk took the original contribution as a point of departure, because for the
WIPTTE venue we felt that the most important role of the work was to illuminate
and help the audience understand more deeply the interaction modalities of pen and
touch—as well as their use in tandem. And in the process the authors felt like they
came to understand the topic more deeply as well, hence the paper that follows.

One of the premises of the talk was that even a concept as seemingly straight-
forward as ‘touch’—not to mention pen + touch, used together in complementary
roles—is perhaps not as well understood as we might think it is.

In particular, we argue that beyond the standard idiom of touch (and multi-touch)
interaction on touchscreens, there are many aspects of ‘touch’ that are rarely con-
sidered (much less actually sensed) by existing devices and interaction designs. We
show how this surrounding context of manual activity—how the user is holding the
tablet, how the user is gripping the pen, and how each device is oriented and mov-
ing relative to the other—have the potential to considerably enrich interaction with
tablets, and thereby to re-define what we conceive of as ‘natural’ interaction with
pen and touch.

3.1 Introduction

Pens seem like such a relic of the twentieth century, and evenmore antiquated epochs
long before that. Isn’t it 2015? Why are we still talking about pens?

Well, by way of simple illustration I thought it would be fun to visit the supply
room of one of the largest technology companies on the planet. Surely one can go in
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Fig. 3.1 The supply room of one of the largest technology corporations on the planet. Contrary to
what one might expect, close inspection reveals the contents are quite pedestrian and well stocked
with writing instruments of every description. Photo © Ken Hinckley, 2014. Used by permission.
All rights reserved

there and find all manner of technological contrivances. Since it’s just down the hall
from my office it was easy to snap a photo (see Fig. 3.1). Surely it should be stacked
to the ceiling with fancy robot arms and 3D printers, or perhaps bins chock full of
the legendary flux capacitor.

Sadly, this was not to be the case.
But it does reveal something aboutwhat actually goes onwhenknowledgeworkers

retreat to their cubicles and try to think outside the box.
The first thing they do is grab a pen!
Now, while the above illustration is a slightly tongue-in-cheek way to make the

point, it is only just slightly so - because the research bears this out.
The work of students and creative professionals typically involves heavy doses of

reading. And this is not just ordinary recreational reading, but rather a very particular
way that people have of digging deeply into documents and source texts. Such deep,
purposeful engagement with content (often multiple pieces of content) is known in
the literature as active reading.

What people are trying to do in active reading is to distill and crystallize knowledge
from diverse sources.

The reader’s tasks are typically complex, open-ended, ill defined, and intellectu-
ally challenging.

The reader may annotate, mark-up pages, take notes, sketch out ideas and con-
nections, or formulate summaries and responses based on what they’ve read.

Active reading, perhaps more than anything else, is characterized by reading
side-by-side with writing. Such tasks involve reading in combination with writing
and typically span multiple documents (or working surfaces) as well, such as the
canonical yellow writing pad used to jot down notes while reviewing a manuscript.

A great entrée to this literature is Sellen and Harper’s classic book, The Myth
of the Paperless Office [19], but many studies of this activity have been published
[3, 12, 15, 17, 18, 20].

One of the key viewpoints that has emerged in recent years is that although these
types of working patterns carry over to electronic document work as well, there are
clearly significant opportunities to improve on current practice.
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Another emerging viewpoint is the recognition that, in contrast to the pen-only
devices of the past, if we have a screen that supports both a stylus and touch, then
we have something very powerful indeed.

Certainly much more expressive than a device with touch alone.
A device that can – not only sense the human touch – but also our pre-existing

skill for dexterous manipulation of a mechanical intermediary is emerging. It is a
tool that has blazed a trail for many centuries with significant impact on science,
education and human intellect. A tool that lends itself to freeform expression and
the creation of content that lives beyond the confines of any single data type, ruled
business form that one must fill in, or the strictures of a particular application.

The pen. The perfect tool for inking outside the box.
Tools can elevate human skill, and we should not lose sight of this in our fervor

to pursue ‘natural’ interfaces. Natural interaction does not require barehanded inter-
action, and therefore a touchscreen, in and of itself, does not a natural user interface
make.

3.2 Human Skilled Manipulation

Another way of looking at this is to back away from the technology and look again to
the underlying human habits and behaviors.

But this time, rather than considering work-practices in general, let’s zoom in—to
the very particular details of the manual activities involved.

In fact, let’s completely eschew technology for the moment and recruit my six-
year-old daughter to the effort (see Fig. 3.2):

Fig. 3.2 The first author’s six-year-old daughter demonstrates the power of crayon and touch
technology—through skilled use of both hands. Photo©Ken Hinckley, 2014. Used by permission.
All rights reserved
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Now, of course she’s using a crayon—a type of ‘pen.’
But what we also see in this real-life example is that she’s using ‘touch’ as well.
Not only is her preferred hand partially contacting and resting on the paper while

holding the crayon, but also, prior to coloring this particular area of the page, she
has positioned and oriented the sheet of paper as well, using her nonpreferred hand
to optimize its placement for the action of the preferred hand.

A number of important lessons for pen and touch technology can be drawn from
this simple illustration:

1. The nonpreferred hand manipulates the workspace with ‘touch.’
2. The preferred hand articulates strokes with the crayon, which has an effect that

is distinct from the fingers on the page. This stands in stark contrast to existing
practice in many tablet applications, even today, where either a finger or the
digital pen can be used interchangeably to leave marks on the page. In our view
this is neither natural nor an effective use of pen and touch as distinct interaction
modalities with unique affordances.

3. While the nonpreferred hand is intentionally positioning and orienting the page,
at the same time the preferred hand may be unintentionally contacting the work
surface. Here, it has no effect, but in a charcoal sketch (for example) this might
produce undesired smudges—or it might be employed intentionally by a skilled
artist to soften and blend pencil lines previously left on the page. As such, this
hints that the very concept of ‘palm rejection’ on pen and touch displays is a
misnomer—all touches are potentially valid, and can be put to good use by appli-
cations, so long as their nature can be understood and interpreted appropriately
to the task and context.

Since one of the major themes of this paper is the ways in which close scrutiny of
manual behavior—howpeople grip andmanipulate objects such as tablets and pens—
can inform interaction design, let’s further unpack the first of the three statements
above.

When we say that the nonpreferred hand manipulates the workspace with touch,
what form does this take? What properties characterize this manipulation?

To answer this question and reveal the oft seen, but seldom noticed role of the
nonpreferred hand in everyday interaction, the first author undertook an experiment
in his Ph.D. thesis [7] that was inspired by a classic study of handwriting conducted
by Yves Guiard [4].

In my variation of Guiard’s experiment, the task required subjects to draw a
‘perfect’ circle that passed through tick marks at 90◦ intervals.

One diligent participant in the study produced the hand-drafted circles shown
below, on the left-hand side of Fig. 3.3.

What the same participant actually drew, however, was the jumbled mess on the
right.

Which is also a perfect circle.
There is a trick here, of course, which depends on your frame of reference.
The circles on the left show the strokes relative to the sheet of paper. This is the

finished work product.
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Fig. 3.3 When a circle is not a circle. Left Figure drawn by a participant. Right The strokes left
behind on the desk blotter, which contained a hidden piece of carbon paper. The tightly clustered
strokes demonstrate that the participant positioned and oriented the sheet of paper to make it easier,
biomechanically, to draw the arcs comprising the full circle [7]. Photo ©Ken Hinckley, 2014. Used
by permission. All rights reserved

By contrast the strokes shown on the right are the strokes relative to the desk
surface.

These were captured by placing a blotter on the work surface. The pen strokes on
the paper passed through and were also recorded on the blotter underneath, which
surreptitiously included a hidden layer of carbon paper. And as the user shifted and
oriented the drawing, the resulting impressions reveal where on the desk the user
actually drew the individual strokes comprising the circle.

What these crowded pen-stroke impressions reveal, is that the nonpreferred hand
rotated the page to dynamically adjust the frame-of-reference to suit the action of the
preferred hand: biomechanically it is far easier to draw smooth arcs in certain hand
directions than in others.

This illustrates decisively that drawing a figure such as this circle—or as Guiard
originally demonstrated, handwriting a page on dictation—is not, in fact a one-
handed activity, but rather is the joint product of the activity of both hands:

The nonpreferred hand positioning and orienting the underlying page; Plus that
of the preferred hand, which performs the actual micro-metric movements of the pen
tip itself.

This simple illustration is ripe with lessons for interaction design in the context
of pen and touch—and beyond.

It underscores that not only are there two hands, but that they play two distinct
roles that are complementary.

And it further emphasizes that the same philosophy of thought can be applied to
the input modality of the pen, as opposed to the input modality of touch, even though
either hand can be used to make contact with the screen.

Guiard demonstrated that it is not helpful to ask, Which hand is best, left or right?
The correct question, rather, is one which frames the hands in a cooperative and

complementary viewpoint:
What is the logic of the division of labor between the hands?
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That is, which hand, left or right, should be used when assigning bimanual tasks
to the preferred and nonpreferred hands?

Likewise, the question we should ask ourselves is not, which input modality is
best, pen or touch?—but rather the following, which follows naturally from viewing
pen and touch as cooperative and complementary input modalities:

What is the logic of the division of labor between pen and touch in interaction
design?

3.3 Of ‘Touch’ Screens and Pens: A Tale of Two Modalities?

The question above has informed much of our own recent work exploring pen and
touch interaction, such as our explorations of simultaneous pen and touch interaction
[10, 11], or our explorations of how pen and touch can support more informal ways
of working with electronic documents [12].

But to really delve more deeply into the issues this question raises, we must turn a
more critical eye towards two of the interaction modalities that dwell at the heart of
the WIPTTE moniker—the Workshop on the Impact of Pen and Touch Technology
on Education—and challenge ourselves to think more deeply about what those two
little words really mean.

Pen and touch.
Because they feel familiar and well-understood.
But neither of these terms are as well understood as you might think.
In particular, we want to raise some pointed questions about ‘touch.’ It’s a term

we often take for granted in the context of interaction with tablets.
A term rife with double-meanings and unintended consequences.
The foregoing discussion showed how a question as simple as “Which hand do

youwrite (or draw circles) with” is in fact a loaded and ill-posed one. First off because
it assumes that you write (draw) with only one hand, which is often not the case.

And second because inherent in that question is a worldview that one hand is
“better” than the other, and that only our choice of task assignment to the preferred
hand is what matters. Whereas, in real life, both hands play critical and complemen-
tary roles.

Taking this new perspective into account, and applying its lessons to pen and touch
as interaction modalities, we can see hints of some fresh interpretations of ‘touch’
already:

Is the ‘touch’ articulated with one hand or two?
Is the touch made by the left hand or the right, or perhaps even by both in com-

bination?
Going even further, we can take the scenario illustrated for ‘crayon and touch’ in

Fig. 3.2 and carry it over to the digital context.
Here, if we look closely enough at manual interaction with pen and touch tablets

(Fig. 3.4), further nuances and ambiguities rise to the fore.
The kneejerk reaction is that the participant illustrated in Fig. 3.4 is about to place

his index finger on the touchscreen, and this is completely correct. However, if we
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Fig. 3.4 What input modality is this? At first glance one might dismiss this as a straightforward
illustration of a ‘touch’ interaction—a user about to put his index finger to the touchscreen. But a
more careful look at the oft seen, but seldom noticed details of how the participant is using the tablet,
and the stylus, with both hands suggests that the answer is not so simple. Photo © Ken Hinckley,
2014. Used by permission. All rights reserved

subject it to a discriminating eye for detail, a number of observations can be noted
from the moment in time captured by the photograph:

1. Touch: the obvious interpretation, reflects nothing more than imminent inten-
tional contact with the touchscreen, with a single finger—the index finger of the
preferred hand.

2. The intentional, but unavoidable, grip of the nonpreferred hand plays another
role here, namely to hold up and skillfully orient the tablet. And to do so, the
nonpreferred hand clearly must grip the edge and a portion of the back surface
of the device. This is ‘touch’ as well, albeit in a manner that is traditionally not
sensed by existing tablets.

3. The grasp of the pen—although secondary to the interaction, with the stylus
stowed in the preferred hand by palming—presents us with a third form of touch,
albeit once again not traditionally sensed by electronic pens. This behavior of
holding the pen at the ready hints that it was recently employed, and furthermore
that the user anticipates writing with it again soon. In other words, it informs
and situates the context of the interaction; and it distinguishes the impending
touchscreen interaction as one performed with the pen-in-hand, as opposed to
one performed bare-handed, or by the hand that is not holding the pen.

4. The incidental, non-prehensile contact of the user’s lap with the bottom edge
of the tablet shows yet another manifestation of ‘touch’ which helps to support the
weight of the device. This aspect of touch is perhaps not one of much relevance
for direct manipulation, but it does tell us something potentially important about
the context of use: the tablet is partially resting on the user’s lap, and the user’s
interactions will be necessarily constrained and encumbered by this situation.
Although we leave this point as an exercise for future work, a cleverly designed
application could verywell take this information into account so as to better afford
and accommodate this manner of interaction for its users.
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5. Inadvertent contact: What about that pesky thumb of the hand gripping the
tablet—not to mention the palm of the preferred hand? Accidental touch is a fifth
form of touch that could be occurring (or about to occur) in this photograph. The
thumb of the left hand rests on the front surface of the tablet, and as such rests
perilously close to the touchscreen. What if the tablet had only a very thin screen
bezel, none at all, or perhaps even one that curves around the edges of the device,
as has recently come into commercial practice with mobile phones? Similarly, if
the user is not careful, his knuckles or the palm of his hand could brush against
the screen the next time he tries to write with that pen-at-the-ready. If the virtue
of a touchscreen is that all you have to do is touch something to activate it, this
fifth manifestation of touch shows that it has a dark side as well: all you have
to do is touch something (by accident), and it might activate! Palm rejection and
other related problems of incidental contact with touchscreens all stem from this
inherent property of touch.

6. Pen plus touch, and much more. Note that we have not even begun to discuss
more advanced forms of interaction, such as using the pen and touch in combi-
nation [1, 6, 11, 22], or the possibilities of sensing how the pen is oriented—and
the tablet is tilted—as the user interacts with the devices in various ways. These,
too, are aspects of touch—and pen—that could greatly enrich each modality, as
well as their use in tandem.

Collectively, the six perspectives enumerated above show that there is much more
to touch interaction than intentional contact with the touchscreen. And while wide-
ranging, we make no claim that these six represent an exhaustive list, as we will
discuss in more depth shortly in relation to point #3.

These perspectives also show that a holistic consideration of touch is not even
limited to one implement: when writing on a tablet equipped with a pen, users
necessarily must handle both devices. In this sense a pen is no more a peripheral
to a tablet than a pencil is to a sheet of paper—each has an existence, and role,
independent of the other, and we could just as easily say that the tablet is a peripheral
to the pen.

Finally, and perhaps most importantly, the six perspectives identified above show
that not all touches are intentional, or even desired. The user may not even be con-
sciously aware that their hand or some other part of their body has come into contact
with the tablet. Or the user may forget that they are even holding the pen at all.

Yet if we think about the interaction from the perspective of the tablet, which can
only see what is going on in the very limited plane of the touchscreen, it should be
clear that much of the information it needs to fully understand touch is impoverished,
or missing altogether.

The same goes for its awareness of what the user is doing with the pen.
As such, there is great potential for additional sensors to augment the context

of touch—broadly considered, across all six perspectives—such as to enable more
intelligent, more nuanced, and more empowering pen and touch interactions in the
future.



3 Inking Outside the Box: How Context Sensing Affords More Natural Pen … 35

But first, by way of example, bear with us for a brief digression that goes deeper
into one of these perspectives, namely how people hold the pen.

3.4 A Brief Look at Pen Grips During Pen + Touch
Interaction

We just rattled off six ways to look at touch. One of our key points is that the
surrounding user behaviors are often nuanced, dependent on task, and influenced by
what the user has just done or what the user expects to do next.

To demonstrate this more concretely, we conducted an observational study of how
people hold pens while working on electronic tablets with touchscreens. Full details
of this study are reported elsewhere [14], but what matters is this:

Some thirty variations of grip and poses of the hand resulted.
For example, people often stow the pen in their hand while engaged in other tasks.

This takes two primary forms: tucking the pen between the fingers; or palming the
pen with their fingers wrapped around the barrel. Some people even exhibit both
behaviors, depending on what exactly they are doing (see Fig. 3.5).

Taking this simple observation as a starting point, we can then go even deeper.
From either grip, users will also extend their fingers to tap the screen, pinch to zoom,
and perform other touch gestures. But certain common behaviors (such as tapping
the screen with the middle finger, for example) were only ever observed from the
Tuck form of the grip, and never from the Palm variation (see Fig. 3.6).

Hopefully this gives a sense of the richness of the human manual behaviors sur-
rounding pen and touch interaction—aswell as howmuch they can reveal about what
the user is doing and how they are likely to interact with a device.

Fig. 3.5 Two common grips for stowing the pen.Graphic©Ken Hinckley, 2014. Used by permis-
sion. All rights reserved
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Fig. 3.6 Ways that users stow the pen while reaching out to touch the screen. We can get a sense
of the richness of the user behaviors underlying even something as simple as gripping the pen by
looking at how users extend a finger to touch the screen. We observed that the behavior exhibited
depends on how the user prefers to stow the pen (‘palm’ vs. ‘tuck’) as well as the particular finger
brought to bear on the task—which further derives from the particular manner in which that user
grips the pen while writing.Graphic©KenHinckley, 2014. Used by permission. All rights reserved

But to be clear, our goal in the technical exploration which follows was never
to recognize all of these grips. Rather, they served as a source of inspiration, while
also representing variations in user behavior that our recognition techniques and
interaction designs had to accommodate and otherwise take into account.

3.5 A Hard Look at the Context of Pen and Touch

By now our worldview should be clear. Our goal is to understand touch more deeply,
aswell as themanyways that people use the pen, so thatwe canmake the combination
of pen and touch on tablets richer, simpler, and more satisfying.

Indeed, many of the shortcomings of current pen and touch experiences—such as
accidental contact of the hand with the screen while writing—can be viewed not as
user error but rather as a result of the system’s lack of awareness of what is really
going on.

And by extending the tablet’s aura of awareness beyond the confines of the screen
itself, we can take some initial steps towards making experiences with technology
feel more natural and complete.

Our hardware platform consists of two primary components, tablet and pen, each
augmented by a similar array of sensors (Figs. 3.7 and 3.8).

The pen contains an accelerometer, gyroscope, and magnetometer. These rep-
resent the standard trio of sensors for detecting inertial motion. Each sensor has
three degrees of freedom, such that inertial movement of the device can be fully
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Fig. 3.7 Augmented stylus prototype in action. The current prototype is tethered, and somewhat
bulky, but not so much so that it precludes interactions such as touching the screen while the pen is
tucked between the fingers. Photo © Ken Hinckley, 2014. Used by permission. All rights reserved

Fig. 3.8 The augmented stylus, unpacked. The green circuit board on the left contains all augmented
sensors. The quad-A battery provides power, but due to the delicate nature of our mechanical
prototype it is difficult to change the battery, and hence we reverted to a tether for power (as seen
above in Fig. 3.7). The electronic pen sensed by the tablet digitizer is the Slim Pen from Wacom
(MP200). The grip sensing is achieved by a flexible capacitive grid printed on Kapton, which we
wrap around the barrel of the assembled stylus. Photo ©Ken Hinckley, 2014. Used by permission.
All rights reserved

characterized in three dimensions. We can determine only orientation from these
sensors, not 3D position, but still this is enough to infer quite a bit about what is
going on.

The entire barrel of the pen is furthermore wrapped in a flexible capacitive grid
that provides full multi-touch sensing of the user’s grip on the pen. To protect the
sensor and provide mechanical stability, we currently sheathe the entire pen in shrink
wrap, which adds some bulk and accounts for the garish orange color of our present
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prototype, but this simply a symptom of our early research prototype that could be
done away with in a more meticulously crafted and engineered design.

The tablet itself is outfittedwith a similar array of sensors (Fig. 3.9), which provide
us with full motion sensing and grip sensing along most of the outer surfaces of the
tablet (only the approximately half-inchwide outer bezel of the front surface—around
the screen—is insensitive to touch.

Together, these sensor augmentations therefore give us a complete picture of how
the pen is oriented relative to the screen of the tablet, as well as how the user is
gripping both devices. Collectively these reveal a great deal about what the user is
currently doing (or not doing, as the case may be).

Clearly, we went to some effort to construct this Frankensteinian vision of tablet
computing. But it was with a clear sense of purpose to address the problems and
missing nuances brought on by the lack of awareness suffered by present-day pen and
touch interfaces. As such this effort, although a research endeavor, was completely
consistent with the belief system and vision of pen computing set forth above—
and which we believe will come to practical fruition in the (hopefully near) future,
much as sensors have come to pervade everyday experiences with mobile devices
and smartphones in the last 10 years [9].

In the following sections we now illustrate some of the ways in which such a
sensing platform can address these problems, as well as to bring out greater expres-
siveness, which is really just greater respect for human manual and bi-manual skill,
whether with the bare hand or through a mechanical intermediary, in pen and touch
experiences for tablet computers.

Fig. 3.9 The back surface of the grip-sensing tablet case. The tablet contains essentially the same
circuitry as the pen, except that the grip sensing is integrated into a case which fits over the tablet
itself. Grip can be sensed on all edges and the entire back, save for a roughly two square inch area
that contains the circuitry. On the right side of the figure, examples of the motion (top) and grip
(bottom) sensor data are provided. Photo © Ken Hinckley, 2014. Used by permission. All rights
reserved
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3.6 Sensing Techniques for Stylus + Touch Interaction

Given a new sensor—which is essentially a new input modality—often the first
instinct for an interaction designer is to focus on the new types of gestures that
modality can enable:

The new types of intentional gestures that one can make when the device is at the
foreground of the user’s attention.

However, while granting that new foreground gestures can have significant value,
at least at the outset here we would like to focus on a different way of thinking about
input to computers [2], in part because this way of thinking about interaction with
technology is so often neglected by designers.

As we have hinted at in the six perspectives outlined above, when we think of
‘touch’ in its broadest sense, many of the problems and missing pieces result from
the activity that surrounds the intentional touch gestures themselves. These are the
less often considered aspects of ‘touch’ that may not even reach the user’s conscious
attention—the qualities of the interaction and manual habits in the background.

The missing context.
Context sensing, then, gives computers greater awareness of what is going on in

the background, and the design of background interactions therefore seeks ways to
leverage this additional context to automatically enhance and adapt the user experi-
ence.

What background sensing really boils down to is the following:

There is tremendous potential to resolve ambiguity using sensors rather than foisting com-
plexity on the user to establish the missing context.

We can see this perspective in the way that modern point and shoot cameras work,
as one concrete example. The user attends to pointing the camera, while the camera
senses the distance to the subject, the illumination levels, and many other properties.
When the user shoots he need not be burdened by the manual configuration of these
many settings.

Another example is the automatic screen rotation [9] now commonplace inmobile
phones. The user simply holds the device in the desired posture, while the sensor
detects the movement and automatically rotates the screen to the correct orientation.

Here we have adopted this perspective and used it to yield insights—and to design
new experiences—for pen and touch interaction.

For example, we can employ our sensors to distinguish some types of intentional
versus unintentional touch in the context of palm rejection. Incidental palm contact
is inherent to the act of writing. Said another way, the act of writing is a hidden piece
of context that could help to resolve the potential ambiguity of palm contact with the
touchscreen.

And we can break this down further into a number of telling details that together
can lead us towards a more satisfactory solution to this problem:
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1. Palm contact while writing typically results from the hand holding the pen—
that is, from the preferred hand—and not the other hand, which may be inten-
tionally holding or moving objects, or manipulating the page itself.

2. To write the user must hold the pen in a writing grip—as opposed to palming
the pen, or tucking it between his fingers. Hence the type of grip is a major clue
as to whether the user is about to start writing—and whether a touch articulated
by the preferred hand is consistent with intentional contact with the screen, or
merely incident to the act of writing itself.

3. The pen must be held at a certain orientation to write. The orientation of
the pen is not an unambiguous signal in and of itself, but it complements the
information revealed by grip and provides another clue to user activity.

4. Preferred hand motion and pen motion are necessarily correlated. When the
user moves, gestures, or touches the screen while the pen is held in hand, the
pen moves too. When the hand makes contact with the screen, if we have good
enough sensors and we maintain a high sampling rate, this subtle discontinuity
in the movement can also be picked up by the motion sensors.

Specifically, when the user rests his or her palm on the screen, we can sense that
the pen is held in a writing grip. And we can also sense the resulting bump signal
produced by the hard-contact force of the palm with the display.

This then lets us associate the hand contact with the hand holding the pen, because
the new touch reported by the touchscreen occurs at the same time as the bump signal
sensed through the pen.

Meanwhile, an intentional bare-handed touch with the nonpreferred hand pro-
duces no such signal, since the pen doesn’t move in a manner consistent with the
nonpreferred hand’s motion.

In this waywe can screen outmany incidental palm contacts while simultaneously
allowing full bimanual interaction with both hands.

And we can still allow intentional preferred-hand touches, even while the pen is
held tucked between the fingers, because such a grip (and the orientation of the pen)
is not consistent with the user placing a hand on the screen to write.

We do not claim this approach to be perfect, as certain signals can still fool our
straightforward signal-processing software, particularly if the palm contact is very
light, but it does show how the palm-rejection problem can be re-cast as one of
insufficient context.

And just as important, this approach allows us to permit intentional touch instead
of solving the problem by discounting touches coincident with pen interaction alto-
gether, that is a measure operating systems, device firmware, and applications often
resort to. If we took such an approach, it would preclude the entire space of simul-
taneous pen + touch interaction.

However, these inferences potentially can allow pen and touch interfaces to do
far more than handle incidental touch better. The four telling details listed above
make clear that we can now distinguish touches with the pen-at-hand from other
bare-handed touches, such as those produced by the nonpreferred hand.

Our prototype therefore employs this distinction to support fresh nuances of
expression, such as seen in Fig. 3.10:
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Fig. 3.10 Tapping the screen with the pen-at-hand brings up the pen tools. Photo ©Ken Hinckley,
2014. Used by permission. All rights reserved

Tap the screen with the pen in hand to bring up the pen tools. A menu bar with
different pen colors and thicknesses, as well as other pen tool modes such as lasso
selection, the highlighter tool, an eraser tool, and so forth comes up when the user
taps the screen with the preferred hand while the pen is tucked. Our reasoning was
that it was only logical to bring up the tools associated with the pen when tapping
the screen in this manner. The pen tucked between the fingers indicates that the user
intends to use the pen again soon. This gives a simple and intuitive way to access
all the tools, modes, and settings associated with the pen. Tapping with the (bare)
nonpreferred hand, by contrast, produces an ordinary tap.

Nonpreferred hand: Full canvas zoom. As is the standard idiom in touch inter-
faces, the nonpreferred hand can be used to pinch to zoom (Fig. 3.11, left). However,
in this case, the user can pinch-to-zoom even if the palm (of the preferred hand) is

Fig. 3.11 Pinching with the nonpreferred hand zooms the full canvas, while a preferred hand pinch
with the pen-in-hand brings up the transient magnifier tool. In this way we support a new class
of multi-touch gesture which incorporates the context of which had produces the touch as well as
whether (and how) the pen is being gripped at the time of the touchscreen contact. Image © Ken
Hinckley, 2014. Used by permission. All rights reserved
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resting on the screen preparatory to writing—because our sensors let us distinguish
which touch is produced by which hand. Furthermore, this lets us entertain a design
where a nonpreferred-hand pinch has a different function than one articulated by the
preferred hand, as explored in the following.

Preferred hand: Transient magnifier tool. Touching down with two fingers
while the pen is tucked-in-hand brings up the magnifier tool (Fig. 3.11, right). This
provides localized zooming in one area of the canvas, which is ideal for detail work
with the pen without disrupting the ‘surround’ of the workspace. Hence performing
a pinch while the pen is at hand brings up another tool uniquely suited for the pen
(much like the pen tools of Fig. 3.10).

Drafting tools suited to the writing grip. When the user is actively working with
the pen, they often maintain a writing grip. We therefore use this to offer various
drafting tools when the user taps the screen with the nonpreferred hand while the pen
is held at the ready in the writing grip. For example, we provide a Compass tool (for
drawing arcs) and an Airbrush tool in this mode (Fig. 3.12). The Airbrush tool, in
particular, is interesting because it uses the additional degrees-of-freedom afforded
by our pen’s orientation sensing capabilities to provide a natural airbrush capability
that allows the user to adjust the conic section of the spray that results by tilting
the pen.

Fig. 3.12 The airbrush tool. A touch from the nonpreferred hand indicates where to airbrush,
while the preferred hand orients the pen in 3D to control the conic section of the resulting spray.
Note that the pen does not have to stay “within range” of the traditional 1cm sensing range of the
tablet digitizer during this interaction, because our augmented sensors provide the 3D orientation
information. Photo © Ken Hinckley, 2014. Used by permission. All rights reserved
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3.7 Tablet Grip Sensing

In the early going, we motivated our work by illustrating the many ways that users
can ‘touch’ a tablet computer that are not respected as such by traditional touch-
screen interaction. However, in the examples given above we primarily focused on
interaction scenarios with the pen-in-hand, often in cases where both hands were
interacting with the front of the device.

In part this is simply because even with fairly limited sensing we can do a lot.
And because the techniques illustrated above do not necessarily depend on tablet
grip sensing to realize.

But having said that, we believe the techniques above could be improved by more
fully integrating the context of the current tablet grip into the interaction. That we
have not yet done so and demonstrated more fully why it could valuable is more a
symptom of limited time (and in some cases, perhaps limited imagination) than an
inherent limitation of what is possible from the sensing modality. And indeed we
hope that others will pick up this line of work and fill in the gaps, look for additional
or alternative mappings for how these nuances of pen and touch can be leveraged in
user interfaces, and generally advance this area in many other ways.

Nonetheless we have explored many other techniques that do rely on the tablet
grip sensing, some of which appear in our earlier work that was the foundation for
this paper [14], and in another forthcoming paper (accepted for publication [21]).

For example, we mentioned that pesky thumb on the front of the screen. One
simple remediation we have experimented with is to discount thumb contact that
occurs incident to gripping the tablet, such as when first picking it up (Fig. 3.13).

Fig. 3.13 Discounting thumb contact when initially gripping the device. The hand grip sensed on
the back of the device tells us that the touch, immediately above on the front of the screen and near
the edge, is necessarily associated with the thumb of the same hand. Controls near the edge of the
screen initially appear semi-transparent and cannot be triggered by such incidental touches from
the thumb. Photo © Ken Hinckley, 2014. Used by permission. All rights reserved
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Another example is to sense when the user walks away while holding the tablet,
but not the pen. This can be sensed in a straightforward manner by sensing the gait
pattern of walking, while also noting that the pen is neither held (gripped) normoving
[13]. The user can then be reminded not to forget their pen. Since in pen computing it
is always a matter of when, not if, the user will lose the pen, such a simple technique
could be of considerable value to users.

A third example is to sense common ways of holding or using the tablet. For
example, we observed that while reading books or paper documents, users pick up
thematerialwith both hands and angle it closer to themselveswhen deeply engaged in
reading. This can be used to support an immersive readingmode,which automatically
emphasizes the text while removing background distractions and ancillary screen
controls, when the user grips their tablet in this manner.

A fourth example is to sense when the user passes their tablet to another user.
People exhibit very distinctive patterns of grip and orienting the device when handing
an object to another person. We have explored various techniques to sense this and to
use it to support alternative semantics of “sharing” digital content with one another
that are much more akin to physical sharing and therefore also very different than
emailing an attachment, or placing a file in the cloud, for example.

Finally,we have explored howgrip sensing can help a user tomore effectively refer
to and cross-reference information across multiple devices. Tablets and e-readers are
increasingly being used as companion devices—often with multiple devices to sup-
port facile work with multiple documents and information sources, as repeatedly
observed in natural information work with both paper and electronic reference mate-
rials [3, 15, 17, 19]. Sensing which devices the user is holding, therefore, and how
they are gripping them therefore can potentially be a crucial piece of missing context
in managing multi-device interaction [3, 5, 15, 16].

3.8 Summary, Conclusion, and Future Work

We have come a long way in this discussion. We have demonstrated how a keen
eye for the oft seen, but seldom noticed role of manual (and bi-manual!) interaction
in general—and in the behaviors manifested by users with pen and touch tablets in
particular—lead to at least six perspectives of what it means to ‘touch’ a device. And
there are likely many more beyond that.

We have argued that many of these missing perspectives in touch interaction are
a symptom of missing context, and we set out to build sensor-augmented stylus and
tablet devices to redress this. The prototype devices support inertial motion sensing
as well as capacitive grip sensing, but certainly other sensors could be envisioned
to accompany these modalities in the future. But even with a limited palette of
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additional sensors, we showed how we can detect a number of salient elements of
context: how the user is gripping the pen, which hand is contacting the display,
and what incidental motions are imparted to the devices during these interactions.
We then presented techniques which illustrated how these sensors and contextual
inferences allowed us to support richer, more natural, and more nuanced pen and
touch interaction.

While the directions explored are hopefully provocative, and have been explored
through implementing prototypes and by conducting observational studies as well
as preliminary technological evaluations with test users, many of them remain spec-
ulative in the sense that their potential is not yet fully clear. Some of the techniques
we propose may ultimately find broad acceptance, while others are likely to remain
laboratory curiosities for the foreseeable future. And the truth of the matter is that—
without the benefit of hindsight—it is often difficult to tell which is which. However,
we take heart in some of our own early work on mobile sensing [2, 8, 9], which in
some ways was indeed ahead of its time, but in other ways felt painfully similar to
the present project. Certainly such sensors are too expensive, or so we heard from
practically-minded people, the power they demand too much, their interpretation too
uncertain and too taxing of limited computational cycles.

But here we are in 2015, and many of the techniques we proposed have come to
fruition. And even if not always in the exact way we implemented it and anticipated
it coming along, in several instances it was awfully close. We hope, and expect, that
the same will be true of the techniques we have explored here for pen and touch, for
stylus and tablet, some fifteen years from now—if not much sooner.

In the meantime we will continue to strive to go much further, and see how the
new capabilities and nuances afforded by rich sensing capabilities may allow us to
design interaction technologies, techniques, and experiences in new ways. Our goal
remains to address latent and unmet needs—for freeform input, formore humanways
of informally organizing information, and in the broadest sense for inking outside
the box. Ultimately, we believe that such advances can help students, information
workers, creative professionals, and educators to work together and to bring their
efforts to fruition in a much deeper and more natural way.
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Chapter 4
Design Studies for Stylus and Finger-Based
Interaction in Writing Instruction on Tablets

Robert Thompson, Steven Tanimoto, Virginia Berninger,
and William Nagy

Abstract HAWK (Help Agent for Writing Knowledge) is a new instructional
software for the essentials of writing that runs on tablets. In trials with an after-school
K-12 subject group, the use of the software showed improved writing capabilities
of most students. One of the activities supported by the software involves students
drawing letter shapes by tracing paths through scaffolded channels. Additionally,
we detail the design studies we performed prior to implementing the full software
package. We focused on how software can provide graphical feedback to students in
the context of a stylus and touch-based interface for the basic educational activity of
learning to write letters of the alphabet.

4.1 Introduction

4.1.1 Educational Need

Personalized instruction in basic writing is needed as part of diagnosing and
overcoming learning disabilities and addressing shortcomings in achievement [2].
Students with dysgraphia, for example, have specific difficulty in the sequential
finger movements that are needed for writing with pen and paper and keyboard [9].
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Mouse-based computing systems are not suitable as tools for learning the
sensorimotor skills associated with handwriting. Tablet-based systems, however, are
potentially helpful because of their pen-based and/or touch-based input capabilities.

4.1.2 Related Work

Previous work on the design of writing instruction includes both commercial and
research systems. One of the research systems is the Clownware system of Berninger
[3]. However, that system did not exploit stylus-based or touch-based technology.
Our studies extend that approach by considering these technologies.

Several research and commercial systems have been developed that involve sty-
lus technologies in children’s writing. One of these is the CobWeb Interface [7], a
research prototype that offered text-line scaffolding to primary-school writers, and
whose objective was to evaluate the utility of handwriting-recognition software in
writing environments for children.

In another research project by Janet Read, a system called Jabberwocky [7] was
introducedwhich did not use tablets. However, it used a form of “digital ink” inwhich
a pen outfittedwith a digital camera captures stroke information in amanner sufficient
to also render the writing on a computer screen. Like CobWeb and other systems,
Jabberwocky is designed to work with software that automatically recognizes the
user’s writing, in order to be able to give feedback at a semantic level.

A recent study byMann et al. [6] offered numerous insights into the possible uses
of stylus technologies in children’s writing including a methodology for evaluating
handwriting quality. We used the same approach by offering interface prototypes for
particular kinds of feedback.

4.1.3 Overview of the Paper

In the remainder of this paper, we first describe the overall software system we have
built. Then we describe in some detail the design studies we performed relating par-
ticularly to the use of stylus and touch-based interaction for learning to write. Finally,
we report on some of the lessons that we have learned so far during deployment of
the software.

4.2 Overall Structure of the HAWK Software

Here we describe the structure of our software with the rationale for each major
design decision we made. We call the software system HAWK, which stands for
Help Agent for Writing Knowledge. Although the teaching of reading skills is also
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part of the educational mission of the project, our focus, from a technological point
of view, has been on writing.

4.2.1 Pedagogical Background

The computerized lessons draw on two decades of instructional research with
human teachers, which are adapted for use with computer teachers. The instruc-
tional approach is unique in that it aims to create functional systems for language
by ear (listening), language by mouth (speaking), language by eye (reading), and
language by hand (writing). Each functional language system is taught at multiple
levels—subword, word, syntax, and text. The lessons are designed to be used for
typically developing oral and written language learners (OWLs) as well as children
and youth with specific learning disabilities impairing subword letter writing (dys-
graphia), word reading and spelling (dyslexia), and oral and written language syntax
(OWL LD).

Three studies to date (Study 1 [4]; Studies 2 and 3 [10]) have shown that both
students with and without dysgraphia, dyslexia, and OWL LD improve from pre-test
before the computer lessons to post-test after the computer lessons (effect sizes range
from moderate to strong to very strong). Thus, the lessons can be used to provide
differentiated instruction in the general education classroom.

Aunique feature of the lessons is that students receive feedback from the computer
teacher at the completion of most learning activities in each lesson, which they
record on their response to instruction form. The forms provide visible feedback for
evaluating progress across the lessons for both the students and teachers, and they
can be used to supplement pre- and post-test changes based on normed tests.

4.2.2 Client-Server Structure

Although most software for the teaching of writing has been of the shrink-wrapped,
desktop-computer or laptop computer variety, we opted to use a client-server archi-
tecture for our software, in order to take advantage of technology trends and better
meet the goals of our research project. Figure4.1 gives an overview of this structure
in our case.

Some of the reasons for adopting the client-server structure were the follow-
ing: facilitating rapid updating of the software, with no installation or reinstallation
required on the client side; ease in collecting research data; and consistency with
the trend towards more effective use of HTML5 and JavaScript technologies, which
have proven effective for implementing rich internet applications, and which find
increasingly powerful support in browsers.
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Fig. 4.1 The overall architecture for the HAWK system

4.2.3 The Student Client

Each student who uses HAWK interacts via a client interface. Although the client
is browser-based and can therefore run on a wide variety of computers, we have
optimized the client software to run on tablets. We chose tablets for three reasons:
cost relative to that of laptops, support of stylus and touch-based interaction, and
coolness factor, which is important for many students.

The particular tablet we chose is the iPad, due to its relative maturity and robust-
ness, etc., at the time of our decision in 2011.

4.2.4 The Server

The server component of HAWK provides the content on a website. In addition, it
manages student and researcher accounts, and it provides persistence for user activity
records. The server employs standard computer hardware, a Linux operating system,
a MYSQL database, and a collection of scripts written in PHP. It is maintained in
a secure, air-conditioned machine room administered by the professional staff of
the University of Washington’s Department of Computer Science and Engineering.
The server communicates with client instances via the HTTP protocol and AJAX
methods.

4.3 Student Activity Organized into Lessons

The instructional material embedded in the HAWK software consists of 18 units
called lessons. Each lesson is intended to be taken by a student in a single session
of approximately 2h. Each lesson provides a variety of activities, so that a student is
sufficiently stimulated to continue and complete each lesson.
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4.3.1 Division of Lessons into Modules

Each lesson has three main components. One addresses familiarity with the alphabet
itself. A single software module supports the alphabet-oriented activities, and this
module, aswell as its activities, go under the name of “Letters InMotion.”We discuss
this particular module in detail later. The second component addresses knowledge
about words. This knowledge includes spelling, the correspondence between pho-
netic andwritten representations, and themorphological structure of words including
prefixes and suffixes. This component is called “Words in Motion.” The third com-
ponent concerns composition at the level of sentences and paragraphs. At this level,
students express ideas to write personal narratives or take notes about sourcematerial
and then write summaries based on the notes. This component is called “Minds In
Motion.”

The integration of these three kinds of knowledge and activities within each and
every lesson helps reinforce to students the connectedness of these kinds of knowl-
edge. Letters are parts of words, and words are parts of larger expressions. In each
session, a student works on learning about components at different levels of this
hierarchy, and by finishing each lesson with a composition, the student gets to put
the knowledge about smaller components into practice.

4.3.2 Division of Modules into Activities

Within a module, and during the course of a single lesson, a student performs several
activities. As an example, in the Words in Motion module, activities include the
following: “Pattern Analyzer Through Ear” (students use their stylus or finger to tap
the syllables of a word presented via audio); “Phoneme Pattern Analysis” (similar,
but at the phoneme level); “Musical Rhythm of Language Through Stress Patterns”
(students select and press a virtual button to indicate which syllable of a word is
stressed); “Pattern Analyzer for Written Words” (letter sequences are presented, and
students must distinguish those that could be words according to standard lexical
patterns, and those that cannot); “Cross Code Talking Matrix: Single Spelling Sound
Relationships and Different Sounds for the Same Spelling” (students repeat oral
prompts while reading, and they press/touch to repeat or continue); “ExplodingWord
Families” (students watch and listen as words “explode”); “Exploding Word Part
Bridges Between Spoken andWrittenWords” (similar style, with focus on suffixes);
“Are They Real Fixes or Not?” (students determined whether a suffix or prefix is
plausible in English). There are nine additional activity types for a total of 18 in
Words in Motion.

The Minds in Motion activities focus on expression of ideas using multi-word
constructions in phrases, clauses, and discourse units. There are 12 activity types in
this module. The final activities in the module involve composition. In the compo-
sition activities, students write short pieces on the screen, using stylus, or touch or
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Fig. 4.2 Screenshot of a composition activity within the Minds In Motion portion of a lesson.
Scaffolding here is limited to three guide lines per text line. Students can use any number of virtual
pages within a fifteen-minute writing period

keyboard (depending on what condition they are assigned to). A typical composition
is a short autobiography. The interface for the composition activities is illustrated in
Fig. 4.2.

Inmost of these activities, the stylus or touch-based interactions are not essentially
graphical, and keyboard interaction would suffice for tapping rhythms, selecting
among choices or pressing the Done button. However, the graphical input of stylus
or touch is essential for the Letters In Motion activities that we describe next.

4.3.3 The “Letters In Motion” Module

Each lesson in the Letters In Motion module involves the student in (a) observing
the drawing of a letterform, (b) imitating the “computer teacher” in drawing the
letterform by tracing with stylus or finger, (c) redrawing the letterform frommemory,
(d) identifying, by writing, the letter that comes before or after the given letter in
the alphabet, and (e) for capital letters only, repeating steps a and b, but then writing
capital letters at the beginning of provided sentences in handprinted or cursive format.
In a given lesson, several different letters are covered. In addition, multiple modes
are covered: lower-case handprinted, upper-case handprinted, lower-case cursive,
and upper-case cursive. Each lesson begins with the introductory screen shown in
Fig. 4.3, which indicates the mode to be used in current session.
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Fig. 4.3 Introductory screen for Letters In Motion

Of particular interest for stylus-based and touch-based interaction is the support
for step (b). In this step, the software must both scaffold the student’s drawing of the
letterform and process what the student draws. We discuss these issues in the next
section.

4.4 Design Studies for Letters In Motion

In this section, we discuss the issue of how to provide appropriate scaffolding to
students who are learning to write, and how assessment can be done, for formative,
summative and motivational purposes.

4.4.1 Presentation of the Handwriting Process

To support the above-mentioned step (a), before the student draws a letterform in
any of the lessons of the Letters In Motion module, the drawing of the letterform is
modeled by the HAWK software for the student with an animation of the “inking”
of the strokes. This animation illustrates the separation of the drawing into strokes,
the order in which the strokes are drawn, the direction in which each stroke moves
within its channel, and roughly what the timing of drawing can be. A simple example
for the letter O at the completion of the animation is shown below in Fig. 4.4.
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Fig. 4.4 After completion of the animation for the letter O, which consists of a single stroke

4.4.2 Scaffolding the Handwriting Process

Although animation was used to indicate the direction within each stroke‘s ductus
as shown in Fig. 4.5, static visual cues provided additional scaffolding for direction
as shown in Fig. 4.6.

In order to present clear distinctions among the separate strokes of multi-stroke
letters of the alphabet, the animated presentation of the drawing process can use
different colors for the strokes. This is shown in Fig. 4.7.

4.4.3 Removing the Scaffolding

In order to support step (c) of the activity described above, the student is prompted
to redraw the strokes of the letterform; however, most or all of the scaffolding is
removed for this step. Consequently, the student must remember each stroke’s shape
and relative position, its order within the stroke sequence, and the direction in which
to draw it. Deciding where to begin the first stroke is also up to the student, at least
to a certain extent.

In the first version of the software, no guide lines were provided in this step, and
students could write anywhere on the screen. In the revised version, guide lines were
provided as shown in Fig. 4.8, meaning the student was cued on where, vertically, to
draw the letter, but not where, from left to right, to draw it.
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Fig. 4.5 The modeled letter O, shown in black, superimposed on its ductus, shown in light gray.
Display of the ductus is a form of instructional scaffolding

Fig. 4.6 Revised version of graphical presentation of letterform drawing process. Ducti have been
removed, the size reduced, and stroke direction and numbering have been added. This example
shows a lower-case letter a
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Fig. 4.7 Lower-case a with different colors for each stroke. This example also shows the use of
text guide lines

Fig. 4.8 Scaffolding for step (c) in the revised design, guide lines are presented.We see an example
of a student’s letter a drawn within the lines
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4.4.4 Assessment of Handwriting and Graphical Feedback

Perhaps the most interesting issue we addressed in the early stages of our software
development was the design of alternative means of assessment for the Letters In
Motion activities. We considered three categories of assessment: formative (to help
students correct their drawing of letterforms), summative (to report progress in learn-
ing the letterforms and their relationships within the alphabet) and motivational (to
provide excitement via a sense of challenge and to provide encouragement to con-
tinue).

We considered three methods of scoring the work of students in step (b) of the
activity. The first we call crossings-based scoring. The second is distance-based
scoring, and the third is timing-based scoring.

4.4.5 Crossings-Based Scoring

The ductus can be viewed as a very simple kind of maze. The basic rule for doing
mazes with a pen or pencil is that you are not allowed to go through a wall. The
student should only draw each stroke within its ductus on the screen. A student with
dysgraphia might have difficulty simply staying within the ductus, particularly if
he or she has a sensorimotor disability. Crossing-based scoring tallies error points,
where one error point is given for moving the stylus or touch from inside the ductus
to outside.

We implemented a form of graphical feedback related to crossings in which the
student’s inked trajectory changes color from green inside the ductus to red outside
the ductus. (See Fig. 4.9.) This feedbackmakes crossing detection a kind of formative
assessment. It is clear to the student that the computer “knows” that the drawn stroke
went outside the bounds of the ductus, and the student can try again to draw the stroke
without that error. By keeping track of the scores obtained by counting crossings,
student progress can be tracked from activity to activity and lesson to lesson, for
summative purposes.

Another type of error, easily detected by software is a stroke-order error. These
come in several varieties. In general, there should be a one-to-one correspondence
between modeled strokes and strokes drawn by the student. In one variety of error,
a student has more than one drawn stroke for a single modeled stroke. (A case of
this is shown in Fig. 4.10.) An inverse situation is where a student has no stroke that
corresponds to a particular modeled stroke. The third variety of stroke-order error
occurs when the student draws strokes that correspond, in permuted fashion, to the
modeled strokes. A fourth type of stroke error is the drawing a stroke in the opposite
direction to that of the modeled stroke. This is a bit different from the stroke-order
errors, but is closely related; it typically represents a lack of knowledge of the correct
drawing direction rather than any failure to perceive shape or trace within a ductus.
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Fig. 4.9 Graphical feedback based on the crossings of the ductus boundary. The student’s trajectory,
in green and red, is shown superimposed upon the ductus and the modeled trajectory. The score for
this performance is −2, based on the number of red segments

Fig. 4.10 When the student lifts the stylus, the current stroke is considered by the software to have
been completed. The student’s attempt to continue the stroke is marked as a stroke error and it is
given a score of −1
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Fig. 4.11 Graphical feedback in the revised software. It is left to the student to compare his or her
letterform with the modeled one

In the revised version of the software, the actual feedback presented consisted
of the modeled letterform with static scaffolding in juxtaposition with the student’s
letterform as shown in Fig. 4.11.

While the crossings-based and stroke-order-based assessment offers a simple scor-
ing method with easily understandable scores, they do not measure the finer points
of accuracy in drawing letterforms. Consequently, we explored the use of more con-
tinuous measurement methods.

4.4.6 Distance-Based Scoring

In order to measure the accuracy with which a student traces a letterform over
a modeled example or within a series of ducti, we considered measures of dis-
tance between the student’s trajectory and the prototype. These are typically com-
puted per stroke, and we assume that a student is following the proper stroke order.
Figures4.12 and 4.13 below illustrate graphical feedback in which the student’s trace
is inked with a color that varies continuously between green (meaning “accurate”)
and red (meaning “inaccurate”) according to the euclidean distance between trace
point and a corresponding point on the model stroke. (The correspondence is com-
puted parametrically based on arc length.) Figure4.12 shows an example where the
student has drawn inside themodeled O, and Fig. 4.13 shows one where the student is
mostly outside, but crosses through the modeled O at the top. Distance-based scoring
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Fig. 4.12 Distance-based graphical feedback example where the student drew inside the modeled
letter O

Fig. 4.13 Distance-based graphical feedback example where the student drew mostly outside the
modeled O

could be performed in many different ways. For example the error at any point of
the student’s trace could be computed as the Euclidean distance from that point to
the closest point on the modeled letter. Alternatively, another method we considered
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was dividing the drawing screen into multiple zones, and defining the accuracy, or
rather the total error, based on which zones the pen entered while drawing. The zones
around the modeled letter could be predefined to be weighted according to how seri-
ously wrong entering that zone might be from an expert’s judgment. For example,
zones further from the ideal stroke would be weighted more, but also a zone might
be predefined with a higher weight to be a more serious error when far away from
an endpoint of a stroke than when far away from the midpoint of a stroke, where it
perhaps does not need to meet up with another stroke. However, experts might pre-
fer to evaluate shape than stretch the fine points of distance-based scoring. We did
not pursue either shape analysis or the more sophisticated kind of analysis pursued
by researchers who work to exploit automatic handwriting recognition technology
(e.g., [7]).

4.4.7 Timing-Based Scoring

A limitation of the distance-based assessment methods, in addition to their relative
insensitivity to shape features, is that they do not take dynamics of the drawing
process into account. A student who traces a letter in fits and starts might achieve the
same score as he or she would if smoothly drawing the same path. Consequently, we
explored means of assessing the student drawing process in a way that could reward
accuracy in timing.

Our timing method involves a special prompt consisting of an animated dot that
is both modeling the drawing process and serving as a reference for the evaluation.
The animated blue dot showed the student where his or her cursor should be at each
moment during the drawing process. The software then renders the student’s stroke
with a color that shows how close to, or far from, the student’s cursor was in relation
to the reference dot. (See Fig. 4.14.)

A limitation of our implementation is that only one speed of writing was available
to the student. While this could easily be remedied with a choice or just a presented
sequence of examples of increasing speed, one can question the value of this form of
assessment. It may be appropriate for a particular sort of student who is struggling to
write smooth and consistent strokes, but inappropriate for most students for whom
timing is at most a minor issue.

4.4.8 Support for Cursive

Although the teaching of cursive writing today is debated among educators and
the public, there remain good arguments for it. Alstad et al. showed that cursive
contributed uniquely to spelling and composing in each grade 4–7, probably because
the connecting strokes link letters into words and increase speed of spelling during
composing [1].
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Fig. 4.14 With timing feedback, the inking of the student’s stroke is presented in green if “on
schedule,” in blue if late, and red if early, in relation to the model

Supporting cursive instruction is slightlymore challenging than handprinting, due
to the more organic shapes of letterforms and the need for spatial continuity from
letter to letter within each word. However, the methodology within the software is
the same. A sample of modeling a cursive letter “u” together with a student’s drawn
“u” is given Fig. 4.15.

4.4.9 Gaming Aspects and Motivation

Themanner of presentation to students of assessment information, independent of its
volume and quality, has important consequences for studentmotivation. For example,
showing a large volume of error messages to students may be disheartening to them,
even if they are told that these don’t really matter [7]. This was one reason that few
of our graphical feedback schemes were incorporated into the latest versions of the
HAWK lessons.

4.4.10 Self-Assessment

By simply presenting the modeled letterforms in juxtaposition with the student’s
work, we make it easy for the students to perform their own assessment of their
work. Self-assessment is a natural enough process that we don’t feel we have to
teach it. Rather, our goal is simply to facilitate it by bringing together in time and
space the student’s work and the model.
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Fig. 4.15 Model for a cursive u and a student’s example

4.5 Experimental Findings

We have performed extensive trials of the HAWK lessons with grades 4 to 9 stu-
dents in an after-school context. The experimental conditions and the detailed results
including improvements in students’ writing abilities are presented elsewhere, in [4,
10]. However, we mention some of the findings here in order to give a clearer context
for the design studies we have described.

We compared student performance in two writing modes: stylus and touch. We
found that performance did not vary, to any statistically significant degree, between
these two conditions. This is probably because the practical differences between these
two modes are small: both the capacitive styluses we used and the human finger have
limited resolution, in spite of the iPad touch technology itself.

4.5.1 Stylus/Touch Versus Keyboarding

A second finding is anecdotal. Students reported that they preferred writing with the
keyboard over using the stylus or finger touch. This is consistent with the findings of
Read within the CobWeb interface [8]. When asked why, students reported that they
liked the appearance of letters produced via the keyboard better than the looks of
those they drew themselves. This begs the question ofwhether automatic replacement
of recognized student-drawn letters by nice-looking letters from a font would make
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Fig. 4.16 Researcher’s view provided by HAWK of pause length and location. A student’s writing
sample in theMinds inMotionmodule gives usmore information about the process than the resulting
text itself

the stylus or touch as desirable to the students as the keyboard. (We have not pursued
this issue further.)

4.5.2 Analysis of Pauses

By capturing extensive data about the timing of student writing movements, we have
the potential to learn about obstacles to students in the course of writing. Our instru-
mentation is less extensive than used by those studying the sensorimotor processes
of writing [5], and yet we can offer new views to researchers who are looking for
events, or lack thereof, in the writing process where problems occur. For example,
Fig. 4.16 shows a view of one page of a student’s composition which is automatically
annotated with the loci, within the composition, where significant pauses took place
during the student’s process. The durations, in seconds, are also shown. Depending
on location they may reflect thinking about forming the next letter, spelling the next
word, or composing the rest of the sentence or the next sentence.

4.6 Conclusions

Stylus and touch-based interaction on tablets offer an effective set of affordances for
writing instruction. The individualized tutoring provided by these systems is well-
suited to the diversity of learning disabilities exhibited by special-needs learners.
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Graphical feedback in writing is a rich research area with many possible approaches.
However, the presentation of critical feedback must be balanced with students’ tol-
erance for such criticism. Facilitation of self-assessment is an alternative approach.
Further research is needed to carefully evaluate more of these schemes in terms of
utility for assessment and for their appropriateness in student feedback.
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Chapter 5
Tablet-Based Technology to Support
Students’ Understanding of Division

Kimberle Koile and Andee Rubin

Abstract This article reports on the design, implementation, and testing of a new
tablet-based tool designed to help upper elementary students develop a strong under-
standing of division. The tool provides an interactive visual model for the process of
division and leverages students’ understanding of the array as a model for multipli-
cation. Classroom observations, preliminary analysis of student work, and feedback
from both students and teachers in a 4th grade classroom, indicate that the tool
has helped students increase their understanding of division and multiplication. The
paper presents examples of student work that support this finding.

5.1 Problem Statement and Context

Many elementary school students struggle with division, and an inability to grasp
and remember “long division” has been a tortuous part of many students’ encounters
with math in the upper elementary grades. This experience probably has persuaded
many students that they are “bad at math.” Division can be difficult, but it is also
important. According to a 2012 study, “Analyses of large, nationally representative,
longitudinal data sets from the United States and the United Kingdom revealed that
elementary school students’ knowledge of fractions and of division uniquely predicts
those students’ knowledge of algebra and overall mathematics achievement in high
school, 5 or 6years later, even after statistically controlling for other types of mathe-
matical knowledge, general intellectual ability, working memory, and family income
and education” [8]. While this study doesn’t prove a cause and effect relationship
between understanding division and later achievement in mathematics, helping stu-
dents master division likely provides themwith important support and the confidence
to navigate more complex mathematical topics later.
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An understanding of multiplication is an important prerequisite for division.
Division, however, is conceptually more difficult for students than multiplication.
Multiplication involves three main quantities: the size of a group, the number
of groups, and the total number obtained by multiplying the group size by the
number of groups. Division also involves a total number of objects, a group size,
and number of groups, but in the process of working through a division problem,
a student must also keep track of the number of groups already accounted for, the
number of objects the groups represent, and the number of objects still to be grouped,
all of which change as more groups are formed. Understanding division is further
complicated by the fact that the operation is used to solve two very different cate-
gories of problems [9]. Problems called quotative have a grouping structure. In these
problems, the total number of objects in consideration and the size of the groups
into which they are to be partitioned are known; the number of groups that can be
created from the objects is unknown. An example of a quotative problem is: Kiri
has 28 donuts and wants to put 7 on each plate. How many plates can she fill? Prob-
lems called partitive have a sharing structure. In these problems, the total number
of objects in consideration is known, as is the number of groups, but the size of the
groups is unknown. An example of a partitive problem is: Jonah has 28 donuts to
divide among 7 friends. How many donuts will each friend receive?

While people who have mastered division are not necessarily aware of these
two different problem structures, students first encountering quotative and partitive
division problems may see the two types of problems as unrelated and may approach
them quite differently. In working on quotative problems, which specify total number
of objects and group size, students have a tendency to create multiple groups of the
appropriate size iteratively, counting howmany grouped objects they have and adding
groups until they reach the total [2]. So, at least at the start, students see quotative
problems as involving repeated addition and comparing the sum of the number of
grouped objects with the total number of objects. The student work in Fig. 5.1a, from
a 4th grade class, illustrates this approach for a quotative problem.

Mastering partitive problems, which specify total number of objects and number
of groups, requires students to understand that dealing out objects one at a time into
groups results in an equal distribution of objects—a fact that is not obvious to many
children. Once students realize this fact, they sometimes approach partitive problems
by repeatedly subtracting one or more “rounds” of objects from the total until they
have none left [2]. The student work in Fig. 5.1b, from the same 4th grade class,
illustrates this approach to a partitive problem.

These two examples of student work illustrate both the kinds of thinking students
do when they work on division problems and the pitfalls of their strategies. While
the examples demonstrate successful attempts at solving division problems, there are
many examples of students who embark on the same path but lose track along the
way, especially when a strategy requires a long string of steps. In one such example
for 72÷ 4, shown in Fig. 5.1c, a student successively drew groups of four, keeping
track of the accumulating total after each new group. He added correctly until he
reached 24, at which point he drew a group of four but added eight to his total by
mistake.
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(a)

(b)

(c)

Fig. 5.1 a Example of student work for a quotative problem (size of group given); b Example of
student work for a partitive problem (number of groups given); c Example of student losing track
of counting in a division problem

Given both the difficulty and importance of division, helping students understand
the conceptual basis of division is an important goal. Our work was guided by sev-
eral perspectives on the learning of division: (1) Any approach to division, even the
supposedly efficient long-division algorithm, has a bewildering set of numbers to
keep track of. Whether the approach involves repeated addition or repeated subtrac-
tion, each time one more group is added or subtracted, several quantities change: the
number of groups considered so far, the number of objects grouped so far, and the
number of objects still to be grouped; (2) Understanding the relationship between
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multiplication and division is a crucial aspect of becoming proficient at division; and
(3) Using arrays as a representation of multiplicative structures has the potential to
help students see the relationship between multiplication and division and, eventu-
ally, to see the relationship between quotative and partitive division problems. This
paper describes the tool we created to support students’ understanding of division
and our experiences using it with 4th grade students.

5.2 Related Work

Many of the educational software tools available for helping students learn division
are “drill and practice” systems, which focus on developingmastery ofmultiplication
and division facts rather than on understanding operations. Such systems, often with
game-like formats, provide a series of structured exercises with immediate feedback
and serve to review previously learned concepts rather than teaching new concepts.
There are several tools, however, that focus on students’ understanding of the opera-
tion of division, using visual models to reinforce the concept of grouping. One such
example, Thinking Blocks (MathPlayground.com), supports students in creating bar
models of division word problems. In these models, both dividend and divisor, i.e.,
group size, are represented as bars, and the task of dividing, at least for quotative
problems, is figuring out howmany divisor bars fit into the dividend bar. In the exam-
ple shown in Fig. 5.2, a student is asked to fill in a model and find a solution for a
quotative problem: Given the number of straws to create a kite and a total number
of straws, find the number of kites that can be made. A student is provided with a
bar model template and blocks representing the concepts of total (straws), group size
(straws per kite), and unknown number of groups (kites, represented by the “?”), as
shown in Fig. 5.2a. In a series of steps, the student adds both labels and numbers to
the bar model, eventually arriving at Fig. 5.2b, where she can type in her answer.

The Rectangle Division tool from the National Library of Virtual Manipulatives
(nlvm.usu.edu) is another tool that uses a visual model and the concept of groups
to support students’ understanding of division. Instead of the one-dimensional bar
model used in Thinking Blocks, this tool uses an arraymodel in which the dividend is
represented as an array on a grid. The student can set both dividend and divisor with
arrow keys to the right and a slider to the left of the grid, respectively. Changing the
dividend or divisor causes the quotient and remainder, represented as blue and red
shaded array cells, respectively, to change to reflect the new values. (See Fig. 5.3a)
Students also can use the tool as shown in Fig. 5.3b, to request a division problem
and create a visual representation to match it.

Dreambox (dreambox.com) also provides a tool that uses a visual groupingmodel
for division. The Gumball Bag-O-Matic tool, shown in Fig. 5.4a, specifies a problem
in terms of a total number of gumballs and a bag of a specified size; the students are
to find the number of bags needed. This tool prompts students to practice a strategy
for computing an answer: doing smaller “friendly” sub-problems. The visual model
represents the dividend as a group of gumballs and the divisor as a bag of a certain
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(a)

(b)

Fig. 5.2 a Quotative problem with bar model; b Student positions bars and numbers, then enters
answer via number pad

size. Students work on the problem by specifying a number of bags to fill using an
equation template. The tool keeps track of the intermediate states of the problem
by displaying to the left of a divider the accumulating sum of grouped gumballs, to
the right of the divider the number of ungrouped gumballs, and above the model the
number of bags created so far. When no more bags can be added, the quotient is the
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(a)

(b)

Fig. 5.3 a 50÷ 9 modeled with arrays; b Student is presented with a new problem

sum of the numbers at the top, and the remainder is the number to the right of the
divider. (See Fig. 5.4b)

As described in the next section, our division tool shares featureswith each of these
three examples, but also has some significant differences. Like the tools described
above, our tool enables students to create visual models that reinforce the idea that
division can be considered a process of figuring out the number of groups of a
particular size that can be formed from a total. Our tool differs, however, in its
consistent use of arrays for both dividend and intermediate sub-problems, as arrays
explicitly support students in relating division to multiplication. Thus with our tool,
students create sub-problemswith arrays rather thanwith equations. Our tool enables
students to create and modify their own models, resulting in a variety of student
work that can serve as the basis for class discussion about alternate problem-solving
strategies. Finally, because the tool is part of a tablet-based software system, students
can annotate their models easily with a tablet pen in order to clarify and explain their
work.
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(a)

(b)

Fig. 5.4 a Student is presented with 6762÷ 50; b Quotient is sum above model, remainder is on
right

5.3 Method Employed

The new tool reported in this paper was designed to help students develop a strong
understanding of division. The tool enables students to visualize the repeated addition
of quantities to reach a total and helps students keep track of the computation during
this process. It is part of a tablet-based software system we have been developing
called Classroom Learning Partner (CLP) [3–6]. CLP allows students to use a tablet
pen to create answers to in-class problems and wirelessly send their answers to the
teacher. Using CLP and a design-based research approach [1], we prototyped the new
division tool, tested the tool in interviews with individual students and in a classroom
setting, and used the results of testing to inform redesign.
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(a) (b)

Fig. 5.5 a UI for specifying number of rows and columns; b 9x7 array created and annotated by a
student

5.3.1 CLP Background

In a classroom using CLP, all students and the teacher have tablets,1 and a tablet
is connected to a projector. All tablets communicate via a local wireless network.
CLP can be thought of as an electronic notebook, with pages on which students
show their work. In the current CLP classrooms, that work involves the creation and
modification of mathematical representations used in upper elementary school. CLP
provides tools to facilitate these operations, and the tablet pen plays an important
role: The pen enables students to use a familiar mode of interaction, namely writing,
while also enabling students to quickly and easily create and annotate structured
mathematical objects such as arrays, number lines, and the division tool reported in
this paper. (See [7] for discussion of the importance of drawing and annotation in
young students’ learning of multiplication and division.)

The CLP tool most closely related to the division tool is the array tool, which is
used to represent multiplicative relationships. Tapping on an array tool icon on CLPs
command bar, a user is prompted to input numbers for rows and columns using a
displayed number pad, shown in Fig. 5.5a.2 An array of the specified size appears on
the page. Shown in Fig. 5.5b, is a 9x7 array that a student has created and annotated.

5.3.2 Division Template

CLP’s division tool provides an interactive visual model for the division process
and leverages students’ understanding of the array as a model for multiplication. A

1Students use Lenovo X201s; the teacher uses a Microsoft Surface Pro. CLP is written in C# and
runs on Windows.
2Handwriting recognition software proved too inaccurate to support entry via handwritten numbers.
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division problem is represented by what we call a division template, which can be
thought of as an array with one unspecified dimension, which represents the quotient.
The unspecified dimension is indicated by awavy line at the right edge of the division
template.3 The specified dimension represents the divisor; the area enclosed by the
division template represents the dividend. The template is particularly well-suited
for quotative problems. For such problems, arrays represent groups of the specified
size, and the area of an array represents the number of grouped objects. So a 9x1
array represents one group of nine objects, a 9x2 array represents two groups of nine
objects, and so on. To solve a division problem using a template, a student creates
a template by specifying the dividend and divisor, which are termed “product” and
“factor” in order to make explicit connection to students’ understanding of multipli-
cation and arrays. The student then overlays arrays on the template until the template
is “full”, i.e., until the sum of the arrays’ areas reaches the dividend or the unfilled
area of the template is less than the divisor. When a template is full, the divisor is
represented by the number of rows, the quotient is represented by the number of
columns, and any remainder is represented by the unfilled area in the template.

To give visual feedback and to facilitate moving the template on the screen, arrays
are “snapped” into the template so that they become a part of the template itself. A
student may create and snap in a variety of small arrays or a single large array. To
help students keep track of the changing state of the division problem, the template
shows the original dividend, the snapped-in arrays’ area so far, and the remaining
area needed to reach the dividend. It also gives feedback by displaying the template
boundary in red if a student attempts to snap in an array that is too large or has the
wrong dimensions.

Figure5.6 illustrates the use of a division template for a problem such as: Given
55 cookies and bags that hold 7 cookies, howmany bags are needed? In this problem,
the dividend of 55 cookies is represented as the total area of the template, the divisor
of 7 cookies per bag is represented both as the number of rows in the template and as
a 7x1 array, which represents the bag, and the quotient, i.e., the unknown number of
bags, is represented by the number of columns needed to fill the division template. In
Fig. 5.6a, the student has created a division template representing the problem. The
template shows the dividend of 55 in the center of the template and the divisor of 7
along the left side of the template. Figure5.6b shows the result of snapping in a 7x1
array and a 7x2 array: The arrays are inside the template, the accumulated array area
is reported below the template as the equation 7× 3 = 21, and the remaining area of
34 is reported in the “empty” space of the template. Figure5.6c shows the full division
template, with four snapped-in arrays: one 7x1 and three 7x2 arrays. The division
template reports the original dividend of 55, an array area total shown at the bottom
as the equation 7× 7 = 49, and a remaining area of 6. From this representation the
student can identify that there are 7 groups of 7 in 55, with 6 left over, so 55÷ 7 is
7 remainder 6.

3Interviewed students thought that the wavy line was the clearest representation. Other designs
included omitting the right edge entirely, dotting the right edge, or shading the edge so as to appear
to fade into the background.
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(a) (b)

(c)

Fig. 5.6 Sequence of operations (a–c) in creating and filling a division template for 55÷ 7.
a Template is created, then 7x1 array is created and will be dragged, then snapped in by tap-
ping icon on the upper right corner of array; b 7x1 and 7x2 arrays snapped in, numbers updated
automatically; c Full division template, answer is 7 remainder 6

The above example is a quotative division problem. The template also can be
used for partitive problems: The group size is represented by the number of columns
and the number of groups is represented by the number of rows. Adding an array
corresponds to adding objects to each of the groups.

In the course of developing the division tool, we realized that the concept of
division could be made even clearer if students had a visual representation for the
objects still to be grouped. We developed a second version of the tool that employs
“tiles”—small squares the size of an array’s cells. The use of this version of the
tool is shown in Fig. 5.7. The key idea is that the tiles reflect the current state of the
division template: When the template is created, tiles are displayed as an additional
representation for the dividend; as an array is created, the tiles corresponding to the
array’s area are automatically highlighted; then when an array is snapped into the
template, the tiles automatically disappear as they are “added to” the template via
the array.
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(a) (b)

(c) (d)

Fig. 5.7 Sequence of operations (a–d) in using a division template with tiles for 23÷ 4 a Division
template created, template and 23 tiles displayed for dividend; b 4x1 array created, 4 corresponding
tiles turn black; c 4x1 snapped in, corresponding tiles disappear; d Full template, tiles represent
remainder

5.3.3 Design Decisions

One of the early design decisions was to have the division template support students
by keeping track of the quantities involved in division, especially those that change as
the student works through the problem. Three such quantities are always connected
by an additive relationship: the total (dividend), the number already added to the
template, and the number still left. The second and third numbers always add up to
the first. The division template emphasizes the quantities, via circling, in order to
help students notice and track the relationship among the quantities. The division
template also helps students keep track of the arrays they have added: alternating
colors for the arrays enable the individual arrays to be more easily seen, which
makes it more obvious to the student that the array areas are being added to reach the
total. The division template also uses color to distinguish the horizontal and vertical
dimensions of the array: Anything referring to the vertical dimension is in blue, and
anything referring to the horizontal dimension is in orange. This scheme means that
all the blue numbers are the same—since all arrays that are snapped into the template
have the same vertical dimension, i.e., number of rows. It also means that the orange
numbers displayed inside the arrays always sum to the orange number shown in the
equation below the template.

With any digital tool that supports students in developing computational fluency,
there is always the question of how much computation to do for the student and how
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much to leave to the student. Our division template takes on much of the compu-
tational burden for the student, always updating the “number already added” and
the “number still left.” Doing this kind of bookkeeping for students runs the risk of
making them dependent on the tool, but we decided that it was important for students
to have this support in order for them to develop an overall model of division and
confidence in their ability to navigate the process. A next step would be to gradually
take away some of the support and transfer to the student more responsibility for
keeping track of the computation.

We based the design of the division template on an array model for both multipli-
cation and division for several reasons. Because students had used an array model
for multiplication, carrying over this visual representation into the division template
helped students to see the relationship between multiplication and division explicitly
and to realize that knowledge of multiplication was relevant to division. Using arrays
also sets the stage for students to eventually make the connection between quotative
and partitive division contexts, as they can see that an array representing N groups
of M is really the same structure as one representing M groups of N, only rotated
[2, p. 54]. While we did not take advantage of this connection in our classroom
work, we wanted to provide students with a model that would be able to support this
understanding.

5.4 Results and Evaluation

We spent five weeks in a 4th grade classroom in Cambridge, MA, working with 19
students on amultiplication anddivisionunit fromTERC’s Investigations curriculum,
which we had adapted for use with our tablet-based software. Students did all of their
math work on the tablets during this unit, allowing us to easily collect it, including
re-playable interaction histories of their work on each problem.We took detailed field
notes during class and interviewed several students at the end of the unit. During the
last twoweeks, the students used the division tool. Our ongoing analysis is qualitative
in nature; our goal is to identify interesting patterns in the ways in which students use
the division template in order to discover how the template may or may not support
students’ understanding of division.

Classroom observations, preliminary analysis of student work, and feedback from
both students and teachers, indicate that the tool helped students, particularly those
struggling with the concept of remainders, increase their understanding of division
and multiplication. The visual representations enabled some students to grasp con-
cepts that were difficult for them when they had only algorithmic methods to solve
problems. The tool provided a specific starting point for students unsure of how to
approach a problem, enabled students to create representations quickly without per-
severating over details, and enabled struggling students to work more confidently
and independently. The tool also enabled students to make visible the variety of
strategies that could be used to solve problems, which supported valuable class
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discussions of alternate problem-solving strategies. Below are examples that illus-
trate these findings.

5.4.1 Understanding Division

The division tool’s visual representation helped some students understand a difficult
concept that was obscured when just using an algorithm. Seth was quite fluent in
his ability to do long division using the traditional algorithm. Shown in Fig. 5.8a
is his solution to 256÷ 16 via the traditional method. When we asked him in an
interview also to do the problem using the division tool, he began with a 16x1
array, mimicking his “1” as the first digit of the solution (Fig. 5.8b). When he saw
what happened, he was puzzled, because, as he said, “I thought this [referring to
his long division problem] would be the same as the division tool, but it’s not”.
The interviewer proceeded to show the student what would happen if he had added
a 16x10 array (Fig. 5.8c) rather than a 16x1 array. For Seth, this step resulted in
a major breakthrough in his understanding of place value in division, as he said,
“I never thought of this [using red ink to circle the 1 and to add a 0 in his long
division solution (Fig. 5.8d)]. I just thought of this as a 1, but it’s really a 10.” The
student then added 16x13 and 16x2 arrays to fill the template. The final state of his
work page is shown in Fig. 5.8e.

(a) (b) (c)

(d) (e)

Fig. 5.8 a Student’s algorithm use; b Student’s partially filled template; c Interviewer’s suggestion;
d Student’s annotation; e Final state of work page, with student’s full template shown at the bottom
(interviewer’s template at top was resized)
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(a) (b)

Fig. 5.9 A student uses tiles to help solve the division problem 45÷ 9. a Student creates a division
template for 45÷ 9, creates 9x2 array; then 18 tiles for the array turn black; b Full division template
showing student solved the problem by snapping in 9x2 and 9x1 arrays

The division template with tiles helped students better understand division, espe-
cially those struggling with the concept of remainders. Ivan did not have a clear
understanding of division, particularly division with remainders, prior to using the
division template. When introduced to the tiles version of the division template, he
began using that version almost exclusively. He said that he liked the tiles because
“tiles help you because it shows you what’s left over. It helps you understand
division.” He was able to quickly create representations using a template and tiles.
An example of his using the tiles is shown in Fig. 5.9. In subsequent problems, he
was able to use the division template without tiles to create correct representations
and find solutions.

5.4.2 Using Structure and Organization

The division tool gave students a starting point when working problems and helped
them better organize their work. Ariel’s math work on pencil and paper tended to
be disorganized, and her solutions had many mistakes that appeared to be careless.
When using the division tool, however, she created very organized representations;
both she and her teacher remarked on the difference the tool made. An example of
her work is shown in Fig. 5.10. Replaying the interaction history, i.e., the sequence
of actions the student performed in creating representations, shows that she worked
quickly and easily with no false starts. In addition, her annotation of “tada, as easy
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Fig. 5.10 Student example showing organized answer and confidence

as pie” shows a confidence that her teacher says was lacking from earlier lessons.
For this student, as well as others, the teacher also noted that the tool slowed kids
down and reduced careless errors.

5.4.3 Working with Independence and Confidence

Thedivision tool also helped some studentsworkmore independently and confidently
thanwhen they solvedmath problems using pencil and paper.Kaitlinwas belowgrade
level in her math skills, and the teacher typically gave her problems with smaller
numbers than the rest of the class got. Kaitlin also was anxious about math and had
difficulty working independently. When using the tablets, and the division tool in
particular, the teachers working with her noted that her anxiety was greatly reduced,
she couldwork independently, and she no longer needed to be given smaller numbers.
Prior to working with the division tool, Kaitlin had limited knowledge of division.
While using the tool, she was able to start and complete division problems without
assistance. She also contributed to class discussion, which the teacher reported was a
rare occurrence. An example of her work with the division tool is shown in Fig. 5.11.
Replay of the interaction history for this example shows that she completed the work
without unnecessary actions.

5.4.4 Creating a Variety of Representations

The examples shown in Figs. 5.10 and 5.11 illustrate the tool’s support for a variety of
problem-solving strategies. The student work in Fig. 5.10 shows solving 48÷ 6 with
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Fig. 5.11 Student example worked independently and with confidence

arrays of 6x3, 6x4, and 6x1; the work in Fig. 5.11 shows 6x5, 6x2, and 6x1. Other
students chose 6x4 and 6x4; 6x2, 6x3, and 6x3; or 6x7 and 6x1. These variations
in student work provide useful fodder for class discussions of different approaches
to division, with an emphasis on efficiency (“How could you do this problem using
fewer arrays?”) and familiar number relationships (“What multiplication fact could
you use to get started on this problem?”).

5.5 Current and Future Work

We are continuing our data analysis, focusing on evidence of the affordances and
effects of the division tool on students’ understanding of division. In addition, we
are continuing our work on developing and testing automatic analysis routines that
will enable the software to interpret students representations [5]. Such interpretation
enables students’ thinking to be made visible to the teacher, who can more easily
identify students who need help or choose student work for public display as a basis
for class discussion. The analysis routines operate on both a representation and a stu-
dents’ interaction history, which captures the process of creating the representation.
By analyzing the sequence of actions in creating each of the correct division tem-
plates shown in Fig. 5.12, for example, the analysis routines report that the student
whose work is shown in Fig. 5.12a had no extraneous steps, which would indicate
that the student understood how to use the tool to solve the problem. For the example
in Fig. 5.12b, the analysis routines report that the student had a false start (creating
a template then deleting it, then creating another one), created arrays that were too
large to snap in, and triedmany times to add an array when the remainder was smaller
than the divisor, an action that, through observation and interview, can be identified as
indicating a misunderstanding of remainders. We are studying our corpus of student
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(a)

(b)

Fig. 5.12 a Analysis of interaction history indicates that the student had no trouble; b Analysis of
interaction history indicates that the student had trouble with the concept of remainder

work in order to identify additional sequences of actions that will provide insight
into what students do and do not understand about division.

We have prototyped a newdivision tool to be usedwith younger studentswho have
not yet been introduced to arrays. The new tool is based on CLP’s stamp represen-
tation [5, 7] and enables students to create a pictorial representation of partitive and
quotative division problems and use either sharing or grouping strategies, respec-
tively. It also keeps track of relevant numbers in the problem. A student starts by
drawing an image to represent an object and another image to represent a group.
(See the images in the boxes at the top of Fig. 5.13a, b.) She copies the object image,



88 K. Koile and A. Rubin

(a)

(b)

Fig. 5.13 a Dealing out: 20 objects and 4 groups created, 12 objects dealt into groups, 8 remain;
b Grouping: 20 objects and 1 group created, 4 objects moved into the group, duplicating the group
moves 8 objects into new groups

using a “+” operator, to make a “pile” containing the number of objects specified
in the problem. If the number of groups is given, and the size of group is unknown,
she uses a sharing strategy: She creates the given number of groups, using the “+”
operator on the group image and drags all the objects onto the groups (see Fig. 5.13a).
She is finished when all objects are in groups and each group contains the same num-
ber of objects. CLP keeps track of and reports the number of objects in each group
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below each group image. If the size of a group is given instead, she uses a grouping
strategy: She creates one group object, drags the number of specified objects into the
group object, then duplicates the group until all objects have been moved from the
pile into groups (see Fig. 5.13b).

We plan to study how 2nd graders use this new stamp-based division tool and to
continue studying how 3rd and 4th graders use the array-based tool. Such research
will contribute significantly to our continued investigation of the role tablet-based
technology can play in deepening students’ conceptual understanding of division.
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Chapter 6
A Tablet-Based Math Tutor
for Beginning Algebra

Guan Wang, Nathaniel Bowditch, Robert Zeleznik, Musik Kwon,
and Joseph J. LaViola Jr.

Abstract This paper presents an interactive mathematical tutor application to assist
middle school students with solving single-variable linear and quadratic equations
and two-variable systems of linear equations. The system uses a gestural, pen-based
interface to mimic and enhance the traditional step-by-step method of solving alge-
braic problems on paper. After the student handwrites each step, the system detects
any mistakes, highlights incorrect terms or wrong expressions, and provides specific,
localized messages to help the student understand their errors. Two qualitative user
studies were conducted at a local school to gather general feedback from some stu-
dents and theirmath teacher. Results indicate thatmost students found the application
easy to learn and fun to use. Real-timemistake detection and highlighting of incorrect
terms informed students of their errors and improved their ability to solve similar
problems. Although many students found the mistake detection and highlighting
helpful, our studies also suggested that some students needed more active help. We
are currently conducting a Wizard of Oz study to rapidly investigate enhancements
to the user experience, which may address this limitation.
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6.1 Problem Statement and Context

6.1.1 Problem Statement

Traditionally in middle school mathematics, students first learn a new method or
concept in class through their teacher. For algebra problems, methods of solving are
taught to be executed step by step, with each step resulting in a new equation that
is closer to the solution. Students then practice applying these methods by solving
equations outside of the classroom, using pencil and paper. However, if a student
makes a mistake while doing the assignment, it will go unnoticed until after the
teacher has corrected and returned the assignment, and the student will have missed
an opportunity to learn at the time of the mistake.

Though real-time error detection systems do exist for such problems, they do not
support pen-and-touch handwriting for math, and usually only work for a limited set
of problems tailored for the system [9]. That is to say, they only allow students towork
on the problems stored in a database, which limits the number of practice problems.
Additionally, existing step-by-step feedback systems often fail to accurately detect
the wrong term when a student makes a mistake. Usually the extent of the feedback
is a general indication of error, such as a message saying “You’ve made a mistake.”
Though this is useful, it is insufficient for many students who have not fully mastered
the mathematical concepts. Furthermore, most existing systems support a limited
number of solution methods, often accepting only a single solution path. Students
should be encouraged to be proficient in many different solution methods [7, 10].
Finally,most existing intelligent tutoring systems (ITS) are time-consuming to design
and build, requiring considerable manual effort to enter the specific information for
each area of study.

In this paper, we present an interactivemathematical tutor application,MathTutor,
to help middle school students solve beginner-level algebra equations with an expe-
rience similar to traditional pen-and-paper methods using touch screen control. Math
Tutor is an Android application designed to run on tablets and large touch-screen
devices. It helps students solve equations by having them write out each step one
at a time and checking their work using rule-based error detection. The applica-
tion strives for an experience like that of writing on “intelligent” paper, although its
internal rule-based nature means it is not an ITS. Students can directly handwrite
mathematical expressions, scribble over mistakes to erase their input, make scratch-
work in the margins of previous steps, and use familiar pinch-to-zoom and panning
gestures to interact with the plots of the equations. The application is partly powered
by a math recognizer developed by Samsung Electronics that interprets the students’
handwriting as mathematical expressions. By doing the work on a tablet, students
get the same self-guided practice as on paper, with the addition of automatic, in situ
feedback. The current scope includes:



6 A Tablet-Based Math Tutor for Beginning Algebra 93

• linear single-variable equations
• quadratic single-variable equations
• two-variable systems of linear equations.

The system is generalized so that it works on any equation within this scope, and
is not limited by a specific database of problems. Moreover, as long as a student’s
solution steps are valid, the system allows any method of reaching a solution. By
analyzing each expression the student enters, the system can identify mistakes as
they occur and identify the likely cause of the error. The system then provides user
feedback in the form of highlighting “wrong” terms, and displaying a text message
specific to the mistake and intended to explain why the input is wrong.

6.1.2 Related Work

There have been numerous attempts at creating interactive tutoring applications, with
some works spanning back decades. In a 2011 study, Kurt Van Lehn demonstrated
that automatic, computer-based tutoring systems, ITSs, were about as effective at
teaching students as human tutoring [9]. The physics tutors used in the study are
very similar to ours in that they work at finer granularities than answer-based systems
[10]. Van Lehn’s model inspired us to focus on step-by-step feedback for students
and how to make it more specific and helpful.

Anderson, J.R. has led his team in CMU and his company, Carnegie Learning,
to apply cognitive psychology to education, and developed a set of ITS projects.
They provide cognitive tutors with a large scope of math and spend years to evaluate
their effect [6]. Another project, a website (https://mathtutor.web.cmu.edu), covers a
wide breadth of beginner-level algebra and arithmetic, and uses a variety of modules
for different topics. Like our application, the modules are interactive and inform
the student of mistakes. However, the interface for the module on solving algebra
equations is primarily implemented through textboxes and other WIMP controls.
Additionally, the error messages fail to highlight the mistake in the problem itself
[1, 2]. Finally, the system draws on a database of problems, rather than working
for any general problem. Students cannot, for example, use the system for help on
problems from their textbooks.

There are alsomany other websites that can solve equations and algebra problems,
such as Mathomatic, IXL, Khan Academy, Algebra.com, Wolfram Alpha and more
[4, 5, 7, 8]. While many of these sites, such as Wolfram Alpha, provide solutions to
any general equation, there is little to no direction how to reach these solutions.When
they provide paths to a solution, they do not support following a student through the
solution process and pointing out mistakes as they are made. Moreover, almost all
of these products take only typing and clicking as input, and distance students from
the familiar process of solving equations out in handwriting.

https://mathtutor.web.cmu.edu
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6.2 Gu2 Method Employed

6.2.1 User Experience

From a user experience standpoint, Math Tutor strives to feel similar to solving a
problem with pen and paper [3]. In order for the system to catch mistakes, it requires
that steps be entered one at a time. Our interface divides the screen into top and
bottom sections. The top section holds the input from the previous step, and allows
for scratch-work to be overdrawn. Scratch-work is ignored by the system, but can
be useful to the student. The bottom section expects the next step; this can be one or
two equations, depending on the type of the problem. As previously mentioned, the
user writes an equation by hand using a stylus. The input is interpreted by a math
recognizer and rendered in a typeset font at the top of this section so that the user
can ensure the interpretation is correct. When the user is satisfied with the input, he
can submit the step to be checked for mistakes. If a mistake is detected, the system
will attempt to highlight what it believes to be incorrect, and provide the user with
a message explaining the mistake. If the step is a correct final solution, the user has
the option to view a graph of the original problem in a floating widget. Since this
interface only allows two steps (the previous and current steps) to be viewed at a
time, we include a sidebar listing the entire step history for review.

6.2.2 Implementation

It is important to note that while our application has behavior similar to ITSs, it
cannot be classified as such, since it is powered by a set of algebraic rules rather than
deep-model artificial intelligence. At each step in the problem we first calculate the
solutions to the newly-entered expression. We then check whether or not the user’s
input has the same solutions as the original problem. If it doesn’t, we must determine
whatmistakewasmade. To do this, we look at the previous step and perform a pattern
matching analysis. Internally, our application maps a list of rules to certain patterns
of equations. We divide the rules into different categories:

• Basic algebra rules: adding (to both sides of the equation), subtracting,multiplying,
dividing, combining like terms, simplifying, factoring out coefficient, distributing

• Quadratic problems: quadratic formula, making square term, extracting roots, fac-
torizing

• System of equations problems: combining equations, substituting …

With a combination of the rules, we can support more than thirty kinds of logical
user actions. Thus, for any given equation, we can analyze what rules apply to it
and create a set of new equations that could logically follow as the next step. Each
equation in this set is annotated by the rules that were used to reach this equation. We
then compare the user’s input to each of the equations in this set and look for the most
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similar match. As a result we can form an accurate guess of what the user was trying
to do when the mistake was made, as well as what specific term is incorrect. This
information is used to highlight the problematic term and create an error message to
inform the user of the mistake. If no close match is found, the mistake is too “out of
bounds” for the system to recognize, and a general error message is displayed.

Because of its rule-based structure, our system is easy to design, build, and extend.
Unlikemost traditional ITS systems that require complementary pedagogical models
for new content, our application can support a new scope of algebra by simply adding
a solver for the new type of problems, new rules for valid next steps, and new actions
and error messages. All the general mistakes that have been supported will work
automatically for new scopes. Our model makes it possible to save large amount of
work time for extension, which is important for such a tutoring system.

6.2.3 Use Case Scenario

When a student begins using the application, the first step is to enter the problem to
be solved. The user is presented with three main sections, as previously described.
The first step is special because there is no previous step, so the handwriting area is in
the top section. We make this clear by graying out the bottom section. Additionally,
the user can clear the contents of the handwriting area using the eraser button on the
bottom right of the section, as seen in Fig. 6.1.

In this example, the user is attempting to solve a system of equations, as seen in
Fig. 6.2. The application automatically detects it is solving a system when the first
equation has two variables. After entering the equations, the background texture of
the top section changes to solid white and the buttons disappear. A new handwriting
section slides in on the bottom with the same “handwriting” background texture.

Fig. 6.1 The start of the application
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Fig. 6.2 A highlighted incorrect term and error message when a mistake is detected

Additionally, the user can review all the past steps on the left sidebar. In this example,
the user is trying to combine the equations to isolate a variable. To do this, he wants to
multiply both sides of the equation by “−3.” To make this clear to himself, he marks
it in the margins of the previous step. The application’s internal rules anticipate this
strategy, so when the user makes a mistake multiplying, it can highlight the incorrect
term and provide a specific error message.

Thanks to the error message, the user can quickly identify and correct the error.
The next step is to combine the equations to get rid of the “x.” The user tries to
combine the coefficients, but makes a mistake. Fortunately, the application also has
a rule on how to combine equations to isolate a variable, so it anticipates a similar
input and finds a close match to this mistake. It can once again highlight the incorrect
term, the coefficient of the “y” term, in Fig. 6.3.

After the user has entered solutions for both “x” and “y,” a button appears giving the
user the option to graph the original problem, as seen in Fig. 6.4. In this example, the
solution is at the intersection of the two lines represented by the starting equations.
The graph is displayed in a small floating widget that can be moved around and
manipulated to explore with pinch-to-zoom and pan gestures. Another large button
appears at the bottom of the screen providing the option to start a new problem.

6.2.4 User Study

Two pilot studies were conducted at a local private school, The Wheeler School, in
Providence, Rhode Island. Before these studies, we had a set of discussions with



6 A Tablet-Based Math Tutor for Beginning Algebra 97

Fig. 6.3 Another error message from miscalculating while combining equations

Fig. 6.4 The floating graph widget

the math teachers there, and collected useful feedback and suggestions regarding the
Math Tutor user experience.

6.2.4.1 First Pilot Study

The first study was implemented to test the learning curve of our application, and to
get a general idea of the overall user experience. Five 8th grade students participated
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in the study with their math teacher. We used four Galaxy Note 10.1 tablets to run
our application. Videos of the students’ performance with the application were taken.
Initially, we gave no instruction for the application, and let the students play with
it to see which parts of the interface were confusing. Problems that the students
had were recorded together with comments from the students and the teacher. After
giving the students a detailed instruction of the user interface and an explanation
of the application’s functionality, we let them use the application to solve a set of
problems thatweprepared.While theywere trying to solve the problems,weobserved
their behavior and recorded any difficulties or issues that arose. Additionally, with
the teacher’s encouragement, we let the students use our application to review the
problems of a test they had taken in class before our user study. In the end, we asked
each student and the teacher for general feedback they had for our application and
gathered their suggestions.

6.2.4.2 Second Study

The second user study aimed to test the learning of concepts and to gauge the use-
fulness of error suggestion messages. Two 7th grade students and three 8th grade
students participated in the study with their math teacher.We prepared three different
categories of problems, as seen in Table6.1: single-variable linear problems necessi-
tating the distribution of a term, quadratic problems with single variable, and linear
problems with two variables. For each category, we prepared twelve problems. We
began with a “learning period,” where we asked the students to use our application to
solve problems of a particular category. If a student made no mistakes in the first two
problems, we considered that the student already knew the concept too well to learn
from our application, and progressed to the next category. Once the student made

Table 6.1 Example problems

Single-variable linear
equations w. distribution

Single-variable quadratic
equations

Two-variable linear
system of equations

3(x − 2/5) = 7 2x2 − 6x + 5 = 1 3x − 2y = 7
y + 2x = 1

2(3/4− x) = 4 x2 − 4x − 13 = 0 x − 2y = 2x + 2
y + 2x = 1

5(2x − 1/2) = 2 −3x2 − 6x + 4 = 0 2y = x − 1
4x − y = 19

−2(x − 4/3) = 6 2x2 − 3 = 0 2x − y = 6
5x − y = 8

4(x + 2/3) = 3 −(x − 2)2 + 1 = 0 2x + y = 7
4x + 3y = 2

−3(x + 2/7) = 1 2x2 − 8x = 42 4x + y = 19
3x − 4y = 8
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a mistake, he or she would continue doing more problems until solving two con-
secutive problems completely without error. If the student got to the sixth problem
without achieving this (i.e., still making mistakes), we considered that the student
had not obviously improved, and removed the student from the study. After solving
two consecutive problems without error, the student moved into the “testing period”
where he or she used pen and paper to do same number of problems completed in the
learning period. We then compared their performances in the learning period and the
testing period. In the end, we got some suggestions and feedback of how the students
felt about our application.

6.3 Results and Evaluation

6.3.1 First Study

In general, following brief instruction from a researcher, students learned how to
use the application after playing with it for only a few minutes. While using the
application, one student quickly found mistakes that he had made in a test that
he had taken earlier that day in class. The system helped him identify the reason
for his mistake and correct it. All of the students gave positive feedback of the
user experience, and said they would use the application for assignments if it was
available.

The results were also helpful in finding how to improve the application. Before we
provided instructions, some students were confused about how to use the application.
One student tried to solve the whole problem in the margins of the first step. Others
wrote the equation as an expression when one side was equal to zero. However,
most problems we found during the study were related to the math recognizer. The
immediate, on-the-fly recognition algorithm used context and thus became more
accurate as more was written, but this often confused students in the midst of writing.
Other times, characters were simplymisinterpreted. Some commonmis-recognitions
were seven and one, two and alpha, four and y, and five and s. We hypothesize that
this is caused by differences between U.S. and Korean writing of math since the
recognizer is driven by training data collected in Korea. Unfortunately, we were
not able to have changes made to the recognizer, as we did not have access to the
necessary training data.

6.3.2 Second Study

The second study provided additional qualitative data. Since the system did not
allow wrong solution steps, all the students finished their problems correctly with
the application. Throughout the study, we observed the frequency of particular types
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of mistakes decreasing for each student. For example, one student initially made
several mistakes with fractions, but after continued use of the application she suc-
ceeded in solving two consecutive problems without error. This may have resulted
from students developing a better understanding of the concepts. It may also be a
result of students being more attentive to a particular concept. We observed a clear
trend in that students solved problems faster as the study progressed. This may indi-
cate a growing familiarity with the concepts of the problems, and might also suggest
increased experience with the application. At the end of the study, we asked stu-
dents for general feedback. According to the students, the application helped them
more quickly recognize mistakes that may have otherwise gone unnoticed and was
enjoyable to use.

In this study, we did not require the students to finish the tasks in controlled envi-
ronment. They could ask for the teacher’s hints sometimes when they got stuck. As
before, some students had trouble getting the math recognizer to correctly under-
stand their input. All students made use of the highlighted handwriting when they
made mistakes; often the highlighted mistake termwas enough for them to recognize
their error. However, we noticed that some students did not spend time reading the
error messages, particularly in two cases: (1) Students who were confident with the
concepts usually tended to ignore the error messages; they only cared about whether
there was a mistake and which part of their handwriting was highlighted as incorrect.
(2) Students who did not get enough help from the error messages; they often lacked
the understanding of a basic concept, and needed the teacher to tell them where to
begin or what to do next. Additionally, in rare cases, students gamed the system and
used trial and error to search for the correct next step.

6.3.3 Conclusions

Although there are a wide variety of existing math tutors aimed at the middle school
level, we believe that there is no system that allows for a flexible, investigative
approach that closelymimics the establishedmethod of solving an equation on paper.
We have provided a first version of such a system for solving beginner-level alge-
bra problems with pen-and-touch control. Unlike other step-based intelligent tutors,
our system allows students to solve any general problem within our initial (though
admittedly narrow) mathematical scope using any method to reach a solution. Addi-
tionally,MathTutor provides a familiar and yet novel user experience by sidestepping
a traditional forms-based tutor interface in favor of an interface based on intuitive
handwritten input. Mistakes found by our application are conveniently highlighted
and explained to the student without any need for them to define what solution
strategy they applied. Unlike some traditional ITS systems that require significant
manual effort to design and build a new area of study, our model is straightfor-
ward and requires relatively little effort to extend. When presented to a small group
of students in a pilot study, results demonstrated that the application provided an
enjoyable experience and helped students be more careful in their work. Qualitative
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observations also suggested that students became more efficient and less prone to
error as they used the application. However, there was also indication that our general
approach did not help students who had not sufficiently mastered the basic concepts
enough to know how to take a “next” step. Additionally, the system was limited by a
student’s ability to write clearly enough for the recognizer to understand their input.
We believe the free-form nature of this application, like traditional pen-and-paper
methods, creates a unique challenge for the research that it requires a deep under-
standing of the underlying concepts. We feel there is great promise in the continued
work on this application informed by the results of our studies.

6.4 Future Work

Although the error messages were helpful to students who made careless mistakes,
they were not helpful to students who did not understand some concept in the first
place. This can lead to students being unsure of how to correct a mistake or what to
do next at a given step. Many other tutors use some kind of hint mechanism, but these
generally only appear as a block of text explaining what step to take next. Our study
suggested that such messages are often ignored by students. We are doing a “Wizard
of Oz” study to get feedback for user experiences that go beyond the original Math
Tutor design.

In the study, Students will solve algebraic problems in similar pen-and-touch
environment, except the system’s visual feedback will be generated by an unseen
researcher. We will study:

1. reverse-scaffolding model that provides different messages when the same types
of mistakes occur repeatedly. If a student makes a mistake, he or she must demon-
strate an understanding of the concept by solving a simpler example. As the stu-
dent continues to make mistakes, the problems will continue to get simpler, until
the student reaches a problem he or she is comfortable with. From there, standard
scaffolding techniques will be used to rebuild understanding;

2. a description and example model that gives information from the text book (e.g.,
transformation rules), to students when needed;

3. a “What to do” model that sends hints when a student does not know how to
proceed to the next step;

4. other models suggested by students and teachers.

Further work should also be done to expand the scope of math to include more
complex problems. Students and teachers also suggested connectingwith one another
through a platform for assignments and tests so that teachers can review students’
work and use our application to find gaps in their understanding, or receive help from
the teacher.
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Chapter 7
Leveraging Trends in Student Interaction
to Enhance the Effectiveness of Sketch-Based
Educational Software

Seth Polsley, Jaideep Ray, Trevor Nelligan, Michael Helms,
Julie Linsey, and Tracy Hammond

Abstract With the rapid adoption of software-based learning in classrooms, it is
increasingly important to design more intelligent educational software, a goal of the
emerging field of educational data mining. In this work, we analyze student activities
from using a learning tool for engineers, Mechanix, in order to find trends that may
be used to make the software a better tutor, combining its natural, sketch-based
input with intelligent, experience-based feedback. We see a significant correlation
between student performance and the amount of time they work on a problem before
submitting; students who attempt to “game” the system by submitting their results
too often perform worse than those who work longer (p < 0.05). We also found
significance in the number of times a student attempted a problem before moving
on, with a strong correlation between being willing to switch among problems and
better performance (p < 0.05). Overall, we find that student trends like these could be
paired with machine learning techniques to make more intelligent educational tools.
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7.1 Introduction

Analyzing the trends of student interaction in sketch-based educational software
may be the key to building tools that understand students better. As online learning is
being adopted by an increasing number of universities [13], designing software that
students can understand is important in keeping students engaged. Sketch recognition
in these teaching tools may help alleviate that concern by providing an experience
similar to the pen-and-paper approaches that students are already comfortable using.
However, beyond helping students understand and use educational software, there is
an important opportunity that should not be overlooked—each student is individually
interacting with the software at some point in the course. This one-on-one interaction
provides the chance to domore than just administer and evaluatework, asmanyonline
learning tools are designed to do.Bybuilding the softwarewith a better understanding
of student behavior, it can be used as a more effective tutor, providing feedback
on their progress, guidelines to help strengthen their problem-solving skills, and
recommended courses of actionwhen they are stuck. There is a wealth of student data
available today from existing learning systems, and exploring that information for
trends in student behavior and interaction can yield better approaches for developing
educational software of all kinds.

There is a strong impetus behind creating better software learning tools. Manag-
ing large classes at the university level can be very difficult for departments seeking
to reduce cost. This is especially true in STEM fields, where the material may be
complicated and finding qualified teachers and graders is hard and expensive. In
STEM courses, where drawing and sketching are necessary steps in many classes,
sketch recognition can be a good alternative to standard true-false, fill-in-the-blank, or
multiple choice software because of its capability to interpret student input through-
out a complete problem. Mechanix, a sketch-based tutor for helping students learn
about trusses and free body diagrams, was designed for engineering students for this
reason [14, 21].

While sketch recognition may be a significant step in making software that stu-
dents will comfortably use, there is still enormous potential for improving the soft-
ware. Evenwhen they do not realize it, students follow trends of behavior in complet-
ing assignments. Whether they start each problem and work on them simultaneously,
go through each problem quickly and ask for help frequently, or don’t even complete
half of the assignment, their patterns of activity can be monitored in software in the
same way a human tutor might. By applying some decision algorithms to this data,
educational tools could more closely mimic the intelligence of a human helper and
offer students a better experience by avoiding potential problems.
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7.2 Previous Work

Online learning is not new, but it continues to grow significantly as the number of
Internet users worldwide increases1 [1]. Making software tools that interact naturally
with students is crucial in order to accommodate the diverse array of individuals
using them. As tablets and touchscreens have become more commonplace, input
technologies like sketch recognition have begun to appearmorewidely in educational
applications. Many such applications also include some form of automated feedback
to users. For example, Sketch Worksheets is an educational tool in which instructors
can program certain facts about drawings which may be used to generate feedback
[12, 23, 24]. One system helps teach users to draw through a sketch interface by
comparing how similar the input sketch is to the goal and sharing the evaluations with
the students [18]. A similar idea has been applied specifically to drawing portraits;
iCanDraw? guides students through drawing faces step-by-step with feedback along
the way [10]. Mechanix also includes an evaluation system through which students
can request updates on their progress [3].

Tracking student activity in online systems may be foremost associated with
preventing cheating and has been studied extensively in that area [6, 17]. In recent
years, the field of Educational Data Mining (EDM) has begun to emerge as an open
approach to examining educational data from a multitude of perspectives [15, 16].
Among those perspectives is tracking student behavior in an attempt to characterize
their engagement and correlate learning outcomes [8]. Champaign et al. recently used
such an approach to correlate student improvement with the time spent on each task
[9]. This work uses a similar basis, but sketch recognition provides an entirely new
dynamic in that it creates a very personal connection with the student, as opposed
to entering numbers on a keyboard or some similar means. Interpreting this data
intelligently could be more useful than just as a source for basic feedback.

7.3 Overview of Mechanix

Mechanix is the source of student data that was analyzed. As mentioned before, it
is a sketch-based grading and tutoring system, primarily designed for engineering
statics courses [11, 19]. It allows instructors to upload assignments and tutorials,
drawing trusses and diagrams by hand and defining equations, values, and units
through the provided interface elements. Students may then complete assignments
by hand drawing their solutions into the system [20, 22]. Mechanix provides real-
time visual feedback through color-coding and personalized instructional feedback
as requested. In the process, it aims to help them grasp the basic concepts behind
the problem [4]. Figure7.1 shows a screenshot of the student interface in Mechanix

1MiniwattsMarketing Group, Internet Growth Statistics, 2014, http://www.internetworldstats.com/
emarketing.htm.

http://www.internetworldstats.com/emarketing.htm
http://www.internetworldstats.com/emarketing.htm
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Fig. 7.1 A screenshot of the student interface in Mechanix, showing a truss with forces, labels,
and color-coding

Fig. 7.2 Another screenshot of the Mechanix student interface showing recognition of free body
diagrams and axes

while solving a truss-related problem, and Fig. 7.2 shows another screenshot of the
interface while solving a free-body diagram problem.

By using a touch and pen interface,Mechanix keeps the real experience of pen and
paper mode intact [5]. There is also a benefit to students when training tools closely
resemble real world scenarios. Most of the available software used in teaching statics
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and engineering drawing have complicated interfaces leading to a steep learning
curve.Mechanix is muchmore direct in its interaction, and the intuitive user interface
takes much less time to learn.

7.4 Data Analysis

Mechanix was used as a supplemental teaching tool during the fall 2014 semester.
Data was taken from 51 students who were enrolled in an introductory course at the
Georgia Institute of Technology, learning the fundamentals of statics and mechanics
that would become critical to their future engineering work. The students ranged in
majors frommechanical engineering, aerospace engineering to biomedical engineer-
ing among others and were primarily in their freshman years. Two class assignments
were given through Mechanix, as well as a tutorial that was offered for additional
credit. Hundreds of megabytes of sketching data, primarily drawings of trusses, were
gathered from these students, providing a great deal of potential for mining. While
much canbe learned from the sketches themselves, a component of sketch recognition
with implications in artificial intelligence, computer security, and personal health,
this data included much more information that could reveal the learning behavior
of the students in the field of technology-based learning. Each sketch submitted by
a student is saved with a time stamp and the feedback generated by the server for
that submission, among other attributes. Mechanix’s feedback system provides each
student with personalized responses relevant to his or her work. Some of the sug-
gestions the feedback may provide would be to identify missing nodes or forces and
incorrect values to the students. Feedback is really helpful if used judiciously. The
data collected suggests that a fraction of users request feedback at every step instead
of attempting the problem on its merit. This often leads to a student dropping out in
the middle of an exercise. Mechanix also informs students, when they are correct.
A lot of interesting information can be gathered through the analysis of time and
feedback alone.

It is important to note that in the sections that follow, a focus is placed on the stu-
dents’ homework completion rates. Such completion ratesmay seem like an arbitrary
measure, but Atilola et al. have already demonstrated the effectiveness of Mechanix
as a teaching tool [2]. Those results suggest that students will benefit more by con-
tinual use of the system for their Mechanix assignments rather than ceasing to use
the software. As such, this work examines less howMechanix can improve students’
grades andmore how their interaction withMechanix may be improved to encourage
them to use the system more. Completion rates are used because they are the best
standalone measure of determining a student’s sustained usage of the software.



108 S. Polsley et al.

7.4.1 Time Between Requests for Feedback

Because Mechanix is a feedback-based system, it is important to consider how stu-
dents are using the feedback and whether or not it is benefiting them. One means of
doing this is by examining the frequency of feedback requests against completion
of problems for each student. By using the time stamp with each repeated submis-
sion of a problem, an average time between requests for feedback was generated for
each student. Individual student behavior becomes apparent through this analysis, as
we see that some students regularly ask for feedback at short intervals while others
take more time thinking about the problem before checking. Patterns appear when
considering the group of students. The results show that students with more time
between feedback requests performed better on average than those that spent less
time. This is not particularly surprising because students that spend more time on a
problemwithout requesting help are more likely to think about the problem carefully
to gain a good understanding of the concepts, which is reflected by a higher grade.
Baker et al. demonstrated similar results in [7] in which students who were “gaming”
the online learning system achieved lower learning rates than those who were not.
Figure7.3 shows the average time between feedback requests in minutes against the
completion rates for the students. A trendline generated from regression analysis is
overlaid.

From regression analysis, the linear prediction model fit to the data showed a
statistically-significant pattern in the data (p= 0.033 | Nonzero slope). As mentioned
above, this model is easily understood when looking at students with little time
between feedback requests; these students are not spending enough time on the
problem before requesting feedback from the system. The more interesting result
from this model is that we clearly see there is no benefit to students working longer

Fig. 7.3 Average time between submissions on aminute scale plotted versus the student completion
rates
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than 5min on a problem. While working longer than 5min did not seem to induce
higher quitting rates, it obviously does not have any valuable return for the students.
One way to apply this knowledge is to add recommendations to Mechanix. For
example, by considering this metric across all the students of a given assignment,
Mechanix could determine an optimal time for students to work a problem. If they
seem to be taking too long,Mechanix could recommend they check the current status.

While it may not be very evident from the trendline, more detailed analysis of the
data does show that students’ completion rates increase significantlywhen they spend
even twominutes on a problem as opposed to just one minute or less. In fact, many of
the low completion rates are concentrated below one minute. The primary difficulty
encountered by those in this category seemed to be an over-reliance on the feedback.
A student might get stuck on a particular problem and check it repeatedly by testing
different values or making slight alterations to their drawing but not take the time
to solve the underlying issue. For instance, one such student (user58) received 14
errors (Fig. 7.4) related to missing or incorrectly drawn forces on a diagram within
four minutes. Each error was very similar, and the student may have benefited most
from redrawing the problem and considering more carefully what forces to draw.
As it was, the student moved on from the problem and, after trying a couple more
assignment questions later, eventually gave up without getting any problems correct.

This over-reliance on the auto-grading capabilities of the system can lead to frus-
tration. To counter this frustration, it is certainly recommended that students spend
more time focused on solving the problem than on the teaching tool’s capabilities, but
the data gathered from this experiment show that only a small amount of extra time
might benefit students significantly. In this case, even thirty more seconds of thought
before clicking the feedback button had could have a major impact on the student’s

Fig. 7.4 Average number of submissions before switching without getting correct against the
student completion rates
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willingness to finish the assignment. Perhaps cooldowns on Mechanix’s feedback
could be paired with recommendations to service students more effectively. They
could receive more appropriate recommendations based on their personal activity,
whether to request feedback more or attempt to move on to other problems rather
than get stuck. In essence we think that frequency of requests for feedback should be
monitored and assistance on problems should be given accordingly. Such a feature
would need to be implemented carefully so as to be a help and not a hindrance to
students.

7.4.2 Number of Attempts Before Moving Forward

Students also encountered frustration in the formof not being able to solve a particular
problem and giving up before moving forward. As it is important to spend time
thinking about a problem rather than relying on feedback, it is likewise important to
be able to move on when one is stuck. Some students do not practice this technique,
but it is often recommended by teachers. By examining repeated submissions of
the same problem before moving on without achieving a correct answer, an average
number of errors to switching was generated for each student. When compared with
the problem completion rate from before, it was found that the students who request
large amounts of feedback before moving on are less likely to finish the assignment.
These users seem to have difficulty recognizing when they are stuck and become
too frustrated to move on after spending too many attempts on a single problem. For
example, one student received 18 consecutive errors (Fig. 7.4) with the samemessage
and gave up on completing the assignments before getting any questions outside of
the tutorial correct. Such persistence does not seem helpful to the student at all.

Figure7.4 shows the average errors to switching versus the average completion
rates. Again, a linear trendline has been added using regression analysis. We can see
a trend from this model which is interestingly the reverse of what we saw in the previ-
ous metric. Specifically, while spending increasingly more time on a single problem
attempt before requesting feedback did not seem to harm students, however, spending
more attempts on a single problem before switching does. Thus, multiple attempts
lead to frustration more easily in students than single, long attempts. Unfortunately,
though the trendline shows some interesting features, it is not statistically-significant
for this metric with p= 0.22 (can not reject that slope is zero). This is mostly due to
the fact that while students with more attempts before switching generally did more
poorly, there were a number of students who never switched problems before com-
pleting them.These users addedmultiple zeros butmay still have achieved reasonable
grades on the assignments, indicating that the data may not be best approximated
with a linear model.

To take a closer look at the impact of staying on a problem too long, the students
were split into two groups: (1) those who completed everything and (2) those who
quit without finishing. A t-test on these two groups did yield a statistically-significant
separation (p = 0.012). Students with 100% completion spent 3.6 attempts on
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average before switching, while those who did not finish the assignments spent 6.7
attempts on average. This approachmore clearly proves the trendwe discussed earlier
that students are more prone to giving up after experiencing many repeated errors.

This result is particularly relevant to technology-based learning tools because they
have the capability to help users recognize when they are stuck. For example, it may
ultimately help students perform better to recommend that they move on to another
problem after five or six repeated errors. Analysis of submission history data can
help instructors detect specific concepts on which a number of students get stuck.
Instructors can later create and upload more tutorials explaining these concepts.
With real time analysis of submission data, one can implement automated tutors that
identify higher-level concepts a student is struggling with and provide just-in-time
instructional support.

7.4.3 Impact of Tutorials

In looking at general submission trends among all the students, another lessonmay be
learned that could be useful to other web-based learning tools or courses—the value
of tutorials. Several students encountered difficulty in doing the assignments and so
returned to the tutorial before completing the assignments. Because tutorials are so
heavily relied upon, they should be thoughtfully crafted so that students can learn
how to solve any type of problem theymay encounter using the software tools. In this
study, there was a noticeable jump in difficulty in the tutorial, plainly visible in the
number of submissions for each question of the tutorial, which is shown in Fig. 7.5.
By more closely examining the feedback students were receiving, it is apparent that
some fundamental knowledge for using the software correctly was being forgotten.
Since success of assignments depends upon skills to use the software and a good
grasp of concepts, tutorials should be targeted towards both of them. Using simple
questions early on to reinforce the most basic concepts may be one method to allow
students to progress through problems more smoothly in the future.

Mechanix serves as a sketch based educational software for engineering statics
course. One of the primary goals of this software is to keep students engaged in the
course by helping themwith automated tutoring and assignment grading. This aspect
of Mechanix can be extended to Massive Online Open Courses as well. One of the
main challenges of MOOCs is student persistence. Data shows that most MOOCs
have completion rates of less than 13%.Moreover auto gradedMOOCs have a higher
completion rates than peer graded ones.2 To keep students invested and interested
in an online course, short quizzes and tutorials that are automatically graded should
be introduced between lectures. The data from Mechanix shows that students who
complete the tutorials have a much higher chance of completing the assignments
which shows that they have grasped the concepts better.

2Jordan, K. MOOC Completion Rates, 2013, http://www.katyjordan.com/MOOCproject.html.

http://www.katyjordan.com/MOOCproject.html
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Fig. 7.5 Total number of
submissions for each
question in the tutorial

7.5 Future Work

The best way to improve Mechanix’s interaction with students is to take cues from
data, and there are some important results. Feedback is helpful in keeping students
moving along, but it can be a hindrance. By incorporating cooldowns or more infor-
mative messages to assist students in thinking more carefully about a problem, a lot
of potentially frustrating issues may be avoided. Students benefit from being flexible.
Moving on to another problem after about four failed submissions gave students the
most success in this study. Mechanix could use this result to provide recommen-
dations in certain instances where students appear to be stuck. Tutorials are also
extremely valuable. Not only should they be designed to teach students all the infor-
mation they should need to know to use the software but also provide examples of
each type of problem that may be encountered. Simple problems are a good way to
reinforce software usage principles, but all types of different problems should appear
so that students are prepared. We also wish to look more closely at these metrics in
the future and compare them with data collected from more students. By gathering
more data, it may be possible to fit a better model to the existing metrics or determine
new ones that could be other avenues of software improvement.

7.6 Conclusion

There are vast amounts of data available from software-based educational tools, and
trends in this data should be used to inform the development of next-generation edu-
cation software. This software should be as straightforward for students as possible,
through sketch recognition, and it should also make use of student behaviors to act
as a tutor. The results found here, though primarily targeted at Mechanix, may be
applicable to many different learning programs. Interaction based on an understand-
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ing of students could lead to systems that more closely resemble human teachers,
allowing for less expensive but still very personal ways for students to learn.
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Chapter 8
PerSketchTivity: An Intelligent Pen-Based
Educational Application for Design
Sketching Instruction
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Julie Linsey, and Tracy Hammond

Abstract Design sketching is an important and versatile skill for engineering stu-
dents to master in order to translate their design thoughts effectively onto a visual
medium, whether it is to proficiently produce hand-drawn sketches onto paper, seam-
lessly interact with intelligent sketch-based modeling interfaces, or reap the various
educational benefits associated with drawing. Traditional instructional approaches
for teaching design sketching are frequently constrained by the availability of experi-
enced human instructors or the lack of supervised learning from self-practice, while
relevant intelligent educational applications for sketch instruction have focusedmore
on assessing users’ art drawings or cognitive developmental progress. We introduce
PerSketchTivity, an intelligent pen-based computing educational application that not
only teaches engineering students how to hone and practice their design sketching
skills through stylus-and-touchscreen interaction, but also aiding their motivation
and self-regulated learning through real-time feedback. From the qualitative results
of our usability tests of our application from eight university student participants
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of varying skill levels and disciplines, we observed that participants well-rated the
usability of the application while also providing valuable feedback to improve the
application even further.

8.1 Problem Statement and Context

8.1.1 Benefits of Design Sketching

Engineering students must achieve expertise in a wide range of computing skills
during their studies in order to properly prepare them for their future careers. How-
ever, design sketching continues to be a valuable skill that is applicable in a variety
of use cases, since this skill enables engineers to translate their design thoughts
effectively on a visual medium. These use cases can range from proficiently produc-
ing rough preliminary sketches and polished drafting designs using pen and paper,
to seamlessly interacting with gesture-driven intelligent user interfaces and emerg-
ing sketch-based modeling applications with a stylus-and-touchscreen. Furthermore,
engineering students can take advantage of the educational benefits associated with
sketching in general, such as enhancing the communications of existing ideas [6] and
inspiring a generation of new ones [5]. Mastery of design sketching can lead to bene-
fits in creating diagrammatic representations that hold many advantages over textual
representations alone, such as grouping information more usefully for improved
problem-solving inference [8] and better representing ideas for conveying engineer-
ing ideas [1]. Combined with current engineering education, sketching therefore
provides assistance in accessing knowledge that is based in the applied sciences
through aesthetic and social inquiry.

8.1.2 Challenges of Traditional Design Sketching Instruction

While mastery of design sketching enables engineering students to exploit this skill
for their coursework and subsequent real-world usage in post-university careers, the
process of them achieving mastery provides its own challenges. From our interviews
with two industrial design professors from a large research university and from uni-
versity students who are learning how to sketch in order to apply this skill to their
coursework, we were given insights into both the traditional sketching pedagogy and
the difficulties that both students and instructors experienced. Among these difficul-
ties for learners include low self-efficacy [2], discouragement from comparison with
peers, and lack of motivation to practice and self-regulate their learning [11]. As
for instructors, factors include difficulty in catering their teaching to each and every
individual. Traditional approaches for teaching sketching principles primarily stem
from either in-class instruction and dedicated workshops, which are constrained by
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the time and availability of experienced human instructors; or rote self-practice and
sketching guidebooks, which lack supervised feedback for alleviating the possibility
of incorrect learning and bad sketching habits [10].

8.1.3 Prior Work

With the challenges associated with traditional design sketching instruction, there
is potential in engineering students taking advantage of the growing ubiquity and
accessibility of pen-capable computing devices to utilize intelligent pen-driven edu-
cational applications, where such an application can guide the students’ study of
design sketching fundamentals through sketching practice and automated human
instructor-emulated visualized feedback. We can see such examples for sketching
in the domain of art (e.g., [3, 4]), where sketching interfaces guide students in
drawing foundational concepts by providing step-by-step cues on drawing and auto-
mated real-time feedback on their drawing performance. Similar examples also exist
for assessing young children’s developmental progress through sketching (e.g., [7])
using playful interfaces that additionally guide children how to sketch basic shapes.
However, there is a lack of work in developing appropriate educational applications
that cater specifically to users with developed finemotor skills with little to no design
sketching background for more technical domains such as engineering and design.

8.1.4 Proposed Solution

In this paper, we therefore introduce PerSketchTivity, our intelligent educational
application for teaching design sketching to users through sketching practice and
corresponding automated feedback on their sketched input, in order to address the
various challenges that both students and instructors encounter during design sketch-
ing instruction. Our approach for automatic understanding of freehand sketch input
relies on: (1) a variety of geometric, feature, temporal, contextual, multi-modal,
and domain information that provides context about what shape is being drawn on
the screen, (2) a way to describe the sketch information, and (3) the application of
machine learning techniques that take advantage of, and learn from, the information
provided. Additionally, insights from educational sketching books (e.g., [9]) help
influence the design decisions of our interface’s interactive lessons using existing
successful practice for sketch instruction.
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8.2 Method Employed

We implemented a web-based intelligent educational application that utilizes Paper.
JS—an open source javascript vector graphics scripting framework—and which
runs on top of HTML5 Canvas. Our application’s interface is therefore platform-
independent and appropriate for pen-driven input modalities. The accompanying
hardware setup that we employed for our application consisted of a Wacom Cintiq
touchscreen monitor that accepted accurate stylus input, but can easily be adapted
to other hardware setups that accept stylus input such as mobile tablets and tabletop
touchscreens.

In the latest version of our application, we designed an interface that consisted of
several exercises—specifically those for teaching users how to draw straight lines,
squares, and circles—while also accommodating future extensions for lessons on
more advanced geometric primitives. We elaborate on our application’s different
exercises in this section.

8.2.1 Straight Line Exercise

Straight lines are the most fundamental technique of sketching, and the very first
sketching technique designers and engineers are taught is typically straight lines, as
they form a fundamental skill from which to construct all three-dimensional forms.
Therefore, we introduce straight lines as our first interactive lesson within our appli-
cation. Students are exposed to a “connect the dots” style of exercise, and typically
practice repeatedly hundreds of times to master the technique. With traditional ped-
agogy, there is a focus on accuracy, speed, and line quality, so by leveraging existing
sketch recognition approaches, we are able to provide real-time feedback in the form
of color-coded bars (Fig. 8.1), as well as an evaluation that provides students with
additional metrics regarding their accuracy and speed (Fig. 8.2).

Fig. 8.1 Interface screenshot prompting the user to practice sketching straight lines at their own
pace by connecting dots, and with accompanying feedback based on their sketching performance
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Fig. 8.2 Interface screenshot of automated feedback containing metrics regarding their accuracy
and speed on sketched straight lines

8.2.2 Square Exercise

Comprised of straight lines perpendicular to their adjacent neighboring lines and
parallel to lines on the other side, we introduce squares as the next basic shape for
students to practice learning sketch technique on. Advancing from line exercises
thus allows students to sketch multiple straight lines, in order to construct basic two-
dimensional forms (Fig. 8.3). Multi-stroke detection allows students to sketch four
lines for the squares.

Fig. 8.3 Interface screenshot prompting the user to practice sketching squares, with accompanying
feedback on their sketching performance
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8.2.3 Circle Exercise

Using the knowledge of how to draw squares, our application subsequently allows
students to practice sketching perfect circles inside reference squares (Fig. 8.4). Our
application uses scaffolding in this way as a fundamental concept for students to
experience during their sketching lesson, as more complex forms must similarly be
“constructed” from basic forms.

Fig. 8.4 Interface screenshot prompting the user to practice sketching circles, with accompanying
feedback on their sketching performance

Fig. 8.5 Preliminary interface design for proposed future exercises that build and extend from the
existing exercises
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8.2.4 Future Exercises

With students completing their lesson practice on these prior sketching fundamen-
tals for two-dimensional geometric primitives, we would like our application in the
future to incorporate more advanced exercises that enables students to learn about
perspectives and how to sketch three-dimensional geometric primitives such as cubes,
cylinders, cones, and sphere (Fig. 8.5).

8.3 Results and Evaluation

8.3.1 Usability Study

In order to evaluate the performance of our current intelligent educational appli-
cation for design sketching instruction, we recruited eight university students from
a large research university for a usability study. They were from a variety of dis-
ciplinary backgrounds such as industrial design, mechanical engineering, computer
science, and human-computer interaction. These students covered a spectrum of self-
reported sketching experience from beginners with little to no sketching experience
to intermediate-level students who still wanted to improve their ability.

For our usability study, we asked the participants to practice on four developed
exercises, two of which utilized sketch recognition approaches. The focus of the
exercises were on fundamental sketching components of lines and circles, each with
two of their different exercise styles. One exercise style involved sketching many-at-
a-timewith an evaluation at the end, while the other exercise style involved sketching
one-at-a time and evaluating between sketches. Since we designed our interface
as a computer-assisted educational application, we therefore focused on learning
outcomes andwhether or not the pages and exerciseswere accomplishing the learning
goals instead of traditional usability heuristics (e.g., task completion time, error
rate). Our evaluation therefore placed greater emphasis on qualitative feedback, but
also included collecting quantitative data using performance metrics to measure the
effectiveness of pagination, exercises, and the user interface itself for determining
their usability effectiveness.

8.3.2 Lesson Map Page Evaluation

One component that we included in our application was a lesson map page for
showing the user what they will be learning, what they had already learned, and what
can be navigated in the educational modules (Fig. 8.6). Using a self-assessed ten-
point scale, our participants gave an average of 9.3 in terms of understanding what
they will be learning, and an average of 8.0 for understanding what they had learned.
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Fig. 8.6 Interface screenshot of lesson map page, which shows the user what they will be learning,
what they already learned, and what can be navigated in the educational modules

In addition to the accompanying qualitative data, participants overall understood
what they were going to learn from the lesson map page, but were less clear on what
they had already learned or what they would learn next. Their feedback suggested
having a more clear path between lessons and a visual indicator of their progress
through each lesson.

8.3.3 Lesson Overview Page Evaluation

Another component included in our application was a lesson overview page for
educating users on a specific skill or technique, as well as serving as a navigation
for the exercises (Fig. 8.7). Using a ten-point scale, our participants gave an average
of 9.4 in terms of understanding how to sketch the prompted shape using video, and
an average of 8.9 for understanding how to sketch the prompted shape using pro tips
infographics. In addition to the accompanying qualitative data, the lesson overview
page received high performance metrics, but participants largely expressed having a
desire for less scrolling and more clicking interaction from this page.

8.3.4 Shape Exercise Evaluation

The main component of the application was the different shape exercises, and partic-
ipants were asked to progress through the different sketching lessons for the various
prompted shapes. Overall, users on average rated the second iteration of the shape
exercises at least 8.6 for initially understanding what to do in the exercise, at least
9.1 for their level of focus during the exercise, and at least 9.0 on their ability to
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Fig. 8.7 Interface screenshot of lesson overview page, which educates the user on a specific skill
or technique and serves as a navigation for exercises

sketch the prompted shapes more accurately. The accompanying qualitative data
varied for each shape, but the general consensus was that the shape exercises were
well-received while some had issues with the timing aspects of the application, such
as the exercises being timed and timing oversensitivity of the prompted cues.

8.3.5 Interactive Coach Evaluation

A supplemental component of the application was the incorporation of an interactive
coach to warm up users to the educational experience within the application. We
proposed three candidate interactive coaches, and participants weremost receptive to
the candidate whomvisually resembled historical artist LeonardoDaVinci (Fig. 8.8).

8.3.6 Assessment Display Evaluation

One other component in the application was the assessment display, which was pro-
vided after completing a lesson (Fig. 8.9). Overall, participants reacted positively to
and feeling accomplishedwith the automated assessment of their sketches, especially
with real-time deviation lines and regardless of minor evaluation errors. One remark
from participants was that they were open to assessment being displayed as either a
five-star rating or as a full performance metrics overview, which we can implement
in the future as a toggle. An additional remark was an option to view a history of
their previous scores to self-determine their own improvements of their sketching
ability over time.
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Fig. 8.8 Visualization graph of candidate interactive coaches and the ratio of preference votes

Fig. 8.9 Interface screenshot of assessment display

8.3.7 Overall Insights

From our evaluation, we observed the usability testing demonstrated the value of
both exercise designs in terms of motivation, states of flow, and subjective opinions
on their effectiveness as learning tools. We discovered that one effective approach
would be to combine the positive aspects of both exercise styles into a single exercise
style (Figs. 8.10 and 8.11).

A major flaw in our current interface design that we partially anticipated was that
participants did not fully understand what to do before practicing a new exercise
(Fig. 8.12). We believe that more care should be taken in guiding users through the
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Fig. 8.10 A user during one-at-a-time exercises, where the participants expressed these types of
exercises as “better practice” and were able to get in to more of a state of flow

Fig. 8.11 A user received real-time feedback from deviation lines generated from our sketch
recognition approaches, which participants praised for their usefulness
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Fig. 8.12 An example of a user encountering confusion of what to do next after an exercise that is
common with participants

experience and without surprising them. Furthermore, we observed that scrolling
should generally be eliminated from the interface due to the way people interacted
when using styluses.

8.4 Contributions

This paper introduces our preliminary prototype and evaluation of the PerSketchTiv-
ity system. Our results show that traditional paper-based methods for learning
sketching can be translated to the digital medium. Further research will evaluate
its effectiveness in raising motivation, self-efficacy, self-regulated learning, and spa-
tial reasoning skills.
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Chapter 9
An Intelligent Sketch-Based Educational
Interface for Learning Complex Written East
Asian Phonetic Symbols

Paul Taele and Tracy Hammond

Abstract Literacy in written phonetic symbols for East Asian languages is impor-
tant but challenging for novice language students with only English language fluency,
but pedagogical approaches such as rote writing practice and written technique have
successfully assisted students towards written mastery. Researchers and developers
are also adapting these approaches into intelligent educational apps for students to
exploit interactive computing technologies for learning written East Asian language
phonetic symbols, whether they are full-time students in K12 or higher education
enrolled in conventional classrooms or non-traditional students studying the sub-
ject as a passionate interest. However, related pen and touch educational computing
apps for sketching practice of East Asian language phonetic symbols provide lim-
ited assessment and flexibility of students’ input and sketching style, while related
recognition systems either focus more on expert users’ writing styles or cannot pro-
vide assessment for more complex phonetic symbols. In this article, we describe
our preliminary work on an intelligent sketch-based educational interface developed
specifically for assessing students’ sketched input of complex East Asian language
phonetic symbols. The interface system relies on template matching from expert
users’ sketched training data and various heuristics for assessing the visual struc-
ture and technical correctness of students’ more complex written phonetic symbols.
From our evaluations of separate sketching data from both novice and expert writers,
we were able to achieve reasonably robust performance for both visual structure
and technical correctness of our workbook interface for complex written East Asian
language phonetic symbols.
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9.1 Problem Statement and Context

The East Asian languages of Chinese, Japanese, and Korean (CJK) consist of several
writing scripts that language students must master in order to attain reading and
writing fluency in those languages. Some of those writing scripts consist of phonetic
symbols that play varying important roles in the CJK languages, such as the hangul
script that dominates written Korean, the hiragana and katakana scripts that is an
essential aspect of written Japanese, and the zhuyin script that is an educational
tool and computer input method popularly used in Taiwan for written Chinese. For
novice language students whose primary writing fluency stems from languages such
as English that utilize Latin alphabet letters, the phonetic symbols of these East
Asian languages may prove challenging in comparison due to factors such as greater
complexity, variety, and number of these symbols.

As a result, two successful pedagogical approaches that East Asian language
instructors introduce to novice language students during exposure of the phonetic
symbols are rote practice and written technique. The former involves repeatedly
writing the symbols in order to develop muscle memory of writing and reading the
symbols, while the latter consists of understanding patterns of the symbols through
specific writing order and direction of the symbols’ strokes.

These pedagogical approaches of rote practice and written technique are tradi-
tionally employed as in-class exercises with instructor feedback or as homework
study with guided workbook instructions. With recent trends in mobile comput-
ing devices that offer self-study educational apps and recent advances in automated
sketch and gesture recognition techniques that improve the types of feedback on
written input, researchers and developers are motivated in developing intelligent
educational applications including those for learning written East Asian language
phonetic symbols. However, for relevant current intelligent educational applications
and language computing tools that can benefit novice students in phonetic symbols,
the major limitations of these resources either involve shallow assessment for a wide
range of phonetic symbols or deep assessment for a narrow class of less complex
phonetic symbols.

In this paper, we therefore propose an intelligent sketch-basedworkbook interface
specifically for assisting novice students in practicing their learning of written East
Asian language phonetic symbols. The major contribution of our work stems from
the assessment provided by our digital workbook through both visual structure and
written technique for more complex phonetic symbols. The former determines how
visually similar a novice students’ sketched inputmatchesmodel sketched input from
expert users, while the latter determines whether the student provided the correct
count, order, and direction of the strokes.
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9.1.1 Prior Work

While there are numerous works dedicated to related topics of educational applica-
tions and automated recognition of written East Asian language symbols, the most
relevant works pertaining to the core contributions of our digital workbook stem
from recent educational mobile apps, sketch recognition techniques, and intelligent
educational applications.

9.1.1.1 Educational Mobile Apps

Computing devices such as smartphones and tablets enable novice students to take
advantage of mobile computing resources to supplement their learning of pho-
netic symbols. Although a majority of these educational mobile apps rely solely
on conventional flashcard-based content for only displaying phonetic symbols for
visual review, a small segment of educational mobile apps have gone further in
exploiting touch and pen modalities to accomplish writing practice. Examples of
these applications exist for writing scripts such as Chinese zhuyin [9] and Japanese
hiragana [2, 6]. While such educational mobile apps improve on the existing
flashcard-based approach with actual incorporation of writing input or demonstra-
tions, assessment is generally constrained to binary feedback of right or wrong while
writing lacks variation and is restricted to one specific size and style.

9.1.1.2 Sketch Recognition Techniques

Similar to educational applications, there are also numerous works in machine learn-
ing and artificial intelligence techniques specific for automatically recognizing writ-
ten East Asian languages such as phonetic symbols. Many of these techniques such
as vision- and structure-based ones often focus on providing the best interpreta-
tion of what is written from expert users while also omitting relevant informa-
tion such as proper writing and correct technique from novice users. As a result,
techniques that focus on recognizing sketch diagrams have stronger applications
for the analogous phonetic symbols. One direction includes first fragmenting the
raw strokes of sketched input into segmeted corners using low-level recognizers
(e.g., ShortStraw [19], IStraw [20]), then incorporating this corner information
and additional heuristics for recognizing geometric primitives like lines and curves
(e.g., PaleoSketch [7]), and finally recognizing collections of these strokes as an
entire sketch (e.g., LADDER [4]).

While techniques from this direction perform well for sketch diagrams that have
strong geometric properties such as simple line-based phonetic symbols, more com-
plex multi-curved phonetic symbols may perform better for more applicable gesture
recognizers such as from $-family recognizers [1]. Stroke-independent variants of
existing gesture recognizers such as $P [17] and Hausdorff distance [13, 14] have
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further applicability with assessing the visual structure correctness of phonetic sym-
bols since automated recognition is not tied to the order of how the strokes of the
symbols were drawn.

9.1.1.3 Intelligent Educational Applications

Intelligent educational applications that automatically recognize sketch diagrams
have been successfully explored in various domains, including but not limited to
mechanical engineering (e.g.,Mechanix [15, 16]),music (e.g.,Maestoso [13]), draw-
ing (e.g., iCanDraw [3]), andmath (e.g.,MathPad2 [5]). Similar prior work have been
explored for intelligent workbook interfaces focused on other Asian languages [12]
such as Hashigo [10] for introductory Japanese characters, LAMPS [11] for Chinese
zhuyin symbols, and Urdu Qaeda [8] for Urdu alphabet letters. However, these latter
prior work require that characters and symbols be first manually defined geometri-
cally, which limits strong recognition performance to simpler symbols that can be
strongly geometrically defined.

9.2 Method Employed

The contribution of our paper is an intelligent sketch-based workbook interface,
in order to enable novice language students to practice their rote writing practice
of complex East Asian phonetic symbols with valuable accompanying automated
assessment for visual and technical correctness. Figure9.1 shows a visualized demon-
stration of the interface’s assessment system for an example phonetic symbol, where
the system displays the closest training data match on the right, technique assess-
ment on the top left, and a list of the closest matched training data on the bottom
left. The remaining portion of this section will elaborate on the details of the visual
and technique assessment, as well as an overview of the core intelligent workbook
interface components.

9.2.1 Visual Assessment

The approach that we took for handling visual assessment of phonetic symbols
in a pedagogical environment involves comparing novice students’ sketched input
with those from model input from expert users. As a result, we initially collected
sets of sketched phonetic symbols from expert writers in Chinese, Japanese, and
Korean. Using thesemodel sketches, we train the visual assessor by first transforming
these training data using resampling, scaling, and translating into templates similarly
to [18, 19].
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Fig. 9.1 Visual and technique assessment system for written East Asian language phonetic symbols

Once the templates are collected and transformed, we then use a Hausdorff
distance-based template matching algorithm and score [14] to evaluate on the tem-
plates themselves using leave-one-out cross-validation to determine two different
values in the set of phonetic symbols: the highest Hausdorff distance score [13],
which calculates the distance between the two nearest points from the model and
input strokes; and the associated coverage score, which calculates the ratio of how
many points were selected in the model stroke that is nearest to the points in the input
stroke. The latter coverage score is motivated by the existence of phonetic symbols
that are visually similar but may differ by a difference of one additional stroke. Since
Hausdorff distance does not differentiate between phonetic symbols exhibiting this
kind of similarity, incorporating a coverage score as a feature further assists the visual
assessor from differentiating such similar symbols.

Once the templates are matched with each other with leave-one-out cross-
validation to remove self-classifications, we then record these highest distance and
coverage scores as thresholds for comparison with novice students’ sketched input,
which are similarly transformed and template matched to the model training data.
After the template matcher calculates the Hausdorff distance and coverage scores
of the novice students’ input sketch and is classified by the phonetic symbol of the
model training datawith the best distance score, these scores are then compared to the
previously recorded thresholds. If both the distance and coverage scores are at most
5% below the corresponding thresholds, then the sketched input retains its phonetic
symbol classification. Otherwise, the symbol receives an empty classification. The
motivation for variable thresholds instead of fixed thresholds is that we observed that
distances between different phonetic symbols, especially symbols whose strokes do
not overlap.
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9.2.2 Technique Assessment

Following successful classification from the visual assessor, our system thenproceeds
to the technique assessor to determine if the sketched input has the correct stroke
count, order, and direction. The technique assessor first trivially determines stroke
count correctness by determining whether the input and model sketch share the same
stroke count. For the other written technique properties, technique assessment from
similar systems Hashigo [10] and LAMPS [11] rely on raw temporal information of
the individual strokes to assess the written technique. However, transformed strokes
from template match are omitted since they do not align exactly to resampled points.

The solution that we employ for our system first involves extracting the start
and end times of each raw stroke, then evenly dividing the time for each point in
the resampled stroke. Once the transformed input and model sketch contain these
approximated times, the technique assessor then attempts to match each stroke from
the input sketch to the model sketch by the smallest sum of distances between the
corresponding corners of the strokes’ associated bounding boxes. Once each of the
strokes of the input and model sketches are paired together, we chronologically sort
the stroke pairs by the model sketches’ temporal information, and then assess correct
stroke order by determining whether the chronological order of the input sketch is
correct.

We similarly assess the stroke direction for the stroke pairs by first comparing the
first point of an input stroke to the nearest and farthest endpoints of the corresponding
model stroke. If the time of the nearer point of the model stroke is chronologically
earlier than the farther point for all input strokes, then this implies that the entire
input sketch has correct stroke direction. Otherwise, it does not.

9.2.3 Workbook Interface

Our digital workbook relies on the feedback from the visual and technique assessors
in order to provide its intelligent sketch-based user interface. We first describe the
digital workbook’s overall layout, and then describe how the different displayed
assessment types incorporate the assessors’ feedback.

9.2.3.1 Overall Layout

When a novice user first opens the digitalworkbook, they are shown awindowprompt
displayed in front of a blank workbook (Fig. 9.2). The window prompt contains three
different phonetic symbol sets for the user to practice from: theChinese zhuyin script,
the Japanese hiragana script, and the consonants from the Korean hangul script.
These written scripts were chosen because they exhibit complex properties that do
not perform well for similar systems that rely on geometric recognition techniques
such as Hashigo and LAMPS.
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Fig. 9.2 Example of interface with prompted selections of phonetic symbol set lesson type in front
of an initialized interface in the background

After the novice student makes a selection, they are exposed to two different
windows on the left and right sides of the workbook. The left side is the viewing
side, which contains automated visual and technique assessment of the previously
prompted phonetic symbol; while the right side is the interaction side, which contains
a drawing canvas to sketch the prompted phonetic symbol and accompanying buttons
to delete or submit the input for assessment (Fig. 9.3).

Fig. 9.3 Example of interface after feedback is given to previously prompted phonetic symbol and
user is sketching answer for currently prompted phonetic symbol
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Fig. 9.4 Example
assessment of correctly
sketched phonetic symbol

9.2.3.2 Assessment Types

After the student submits their sketched input, the interface runs its strokes to the
visual and technique assessors and processes the feedback into different assessment
types. If the sketched input is both visually and technically correct, then the viewing
portion of the digital workbook will provide assessment similar to that given in
Fig. 9.4.

However, for cases when the sketched input is either visually or technically incor-
rect, other assessment types are instead given. For incorrect stroke order, the first
incorrect stroke is highlighted and emphasized similar to Fig. 9.5a. For incorrect
stroke direction, the first incorrect stroke is highlighted and the correct endpoint is
shown similar to Fig. 9.5b. For incorrect phonetic symbol input, a model sketch of
the originally prompted phonetic symbol is displayed over the sketched input simi-
larly to Fig. 9.5c. Such a model sketch is also shown for visually improper phonetic
symbol input, similarly to Fig. 9.5d.

9.3 Results and Evaluation

In order to provide a preliminary evaluation of the performance of the digital work-
book’s assessment, we follow a similar evaluation process previously used for both
Hashigo [10] and LAMPS [11] that is described below.
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(a) (b)

(c) (d)

Fig. 9.5 Assessments for different user mistakes of sketched phonetic symbols. a incorrect stroke
order, b incorrect stroke direction, c incorrect stroke, and d improper symbol

9.3.1 Data Collection

We recruited two expert users each for the three CJK phonetic symbols sets and
requested that they provide ten samples for each symbol (Fig. 9.6). The participants
were asked to either provide data from a stylus pen on a digital tablet or from their
finger on a touchscreen. Each participant was verbally given the phonetic symbol
to sketch, and submitted their sketches manually upon completion. The prompted
phonetic symbols were selected at random until all symbols were exhausted.
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Fig. 9.6 Interface for
collecting user-sketched
phonetic symbol input

9.3.2 Visual and Technique Assessment Evaluation

After collecting the participants’ sketching data, we then ran their sketched input
through the visual assessor. Our visual assessment evaluation involved all-or-nothing
recognition, where the predicted sketched input is only considered correct if it exactly
matches the actual label, while the participants’ data served entirely as test data for
our trained visual assessor. From this evaluation setup, we received an overall average
above 98% for each of the phonetic symbol sets, where all misclassified symbols
were limited to at most one instance from a phonetic symbol.

We then evaluated the technique assessor by requesting participants to use the
digital workbook and go through one session of symbols, with the only direction that
theypurposely sketch the prompted symbolwith at least one variation involving either
incorrect stroke count, order, direction, or some combination of the three technique
errors. From this evaluation, we visually observed that the digital workbook was able
to detect incorrect written technique with 100% accuracy.
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9.4 Contributions

From our current research progress in developing an intelligent sketch-based edu-
cational interface for learning complex written East Asian phonetic symbols in lan-
guages such as Chinese, Japanese, and Korean, we have discovered that we can
develop such an interface that accomplishes at least two different contributions. The
first is reasonable robustness to handwritten input using a combination of template
matching gesture recognition and geometric sketch recognition techniques, and the
second is appropriate intuitiveness to student practice using a proposed interface
that leverages stylus and touchscreen hardware for mimicking existing paper-based
language workbooks. From the progress of our research work that currently focuses
on writing practice, we see many exciting directions for expanding into specialized
interfaces on not just the specific language scripts, but also in other types of writ-
ing instruction that further benefits students’ self-practice and further complements
instructors’ existing curriculum.
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Chapter 10
A Stylus-Driven Intelligent Tutoring
System for Music Education Instruction

Laura Barreto, Paul Taele, and Tracy Hammond

Abstract Inspiring musicians and non-musician hobbyists alike can enjoy various
benefits from learningmusic theory beyond its importance in performingmusic itself.
Such reasons include developing their mathematical abilities, improving their read-
ing comprehension, expanding their memory capabilities, better appreciating music
that they listen to, and so on. However, current resources that are available for teach-
ing music theory to students present their own inherent disadvantages. Specifically,
traditional music theory classroom centers assume that students already have exist-
ing musical knowledge, existing self-study paper-based materials lack immediate
feedback, while emerging educational apps either lack stylus-based interaction or
intelligent feedback appropriate for novice students. In this paper, we introduce a
stylus-driven intelligent tutoring system for music education instruction that aims
to combine the benefits while addressing the limitations of existing instructional
resources for teaching music theory. Our proposed system provides an accessible
educational application with an intelligent sketch user interface that is designed for
novice students interested in learning music theory through a series of interactive
music composition lessons and quizzes. Following the completion of a student’s
composed solution to a prompted music theory question, our system first leverages
appropriate sketch and gesture recognition techniques to automatically understand
the student’s input, and then generates feedback and assessment of the student’s
input that emulates those from a music theory instructor. From our evaluations,
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we demonstrate that not only did our system automatically understood students’
composed solutions with reasonable accuracy, but also that novice students were
able to successfully grasp introductory music theory concepts from a single session
using our system.

10.1 Problem Statement and Context

10.1.1 Problem Statement

10.1.1.1 Benefits of Learning Music Theory

Much like how people have developed the practice of writing text so that it may be
later read silently to themselves or aloud to others, people have similarly developed
the practice of composing music so that it may be later performed aloud for them-
selves and for others. Moreover, understanding the syntax, semantics, and grammar
of the notation used in music is incredibly crucial to aspiring musicians who wish
to produce music that they may wish to play and perform. Therefore, a strong grasp
of this particularly important aspect of music theory is directly beneficial to novice
music students so that they actually know how to read music that they can later
perform.

However, there are also less direct but similarly valuable benefits of learningmusic
theory that can positively affect both aspiring musicians and music hobbyists alike.
For the aspiring musicians, they can enjoy various practical benefits from mastering
music theory that can enhance their overall musical skills. These benefits include the
ability to compose and perform music more accurately, to better understand the art
itself through the reading and listening of prior works, and to musically express their
thoughts and ideas through musical notation more fully and expressively [17].

Non-professional music hobbyists can similarly enjoy the benefits of learning
music theory for reasons that are indirectly related to the practice of performing
music itself. For example, non-musicians with knowledge of music theory can enjoy
practical benefits that relate to better fostering their critical thinking [28]. Music
theory itself also presents an interesting real-world domain for non-musicians tomore
enthusiastically improve math analytical skills [29], especially for young children
who are in the process of learning math. Furthermore, music hobbyists with at least
some proficiency ofmusic theory can even have a greater appreciation of the different
types of music that they enjoy in their free time [18].

10.1.1.2 Conventional Pedagogical Practices

Conventional approaches for learning music theory in order for students of varying
musical aspirations to reap its benefits have primarily stemmed from an assortment
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of existing pedagogical theories based on successful classroom practices. While
more traditional approaches have included the tried-and-true practice of students
learning from classroom instructors [23] and music theory textbooks [5], extensions
of these traditional approaches have involved a combination of flipped classroom
concepts and computer-assisted resources. These include practices in collaborative
learning, such as face-to-face small group interactions [41] and computer-mediated
learning [35]; as well as computer-assisted tutoring systems from early computing
systems [8] tomore recent technologies [40]. However, both traditional and emerging
approaches still dominantly rely on the valuable support of actual human instructors
or the existing practices found in the conventional classroom, which may not be
the most viable solution for students who wish to pursue primarily in self-study,
appreciate the expertise of human instructors outside the classroom, and so on.

10.1.1.3 Proposed Solution

With improving technological advances in both digital drawing and writing inter-
faces, mobile and touchscreen devices, and sketch and gesture recognition
techniques, we propose a stylus-driven intelligent tutoring system (ITS) that both
leverages these technological advances as well as the successful pedagogical prac-
tices of music theory classroom. Our latest interactive music theory educational
application called Maestoso (Fig. 10.1) builds upon our stylus-driven ITS that com-
bines the advantages of hands-on freehand writing of musical notation of prompted
music theory concepts and also emulated intelligent feedback and assessment of
human music theory instructors.

10.1.2 Context

The work in our system draws on the insights and lessons from a broad range of
technological fields for creating a stylus-based ITS for music education instruction.
These specifically include:

• existing music education applications, which can be driven by stylus and touch
interactions;

• music notation software, which consist of either established mouse-and-keyboard
input or emerging stylus-or-touch input;

• non-music education sketch-enabled intelligent tutoring systems, which include
those that utilize sketch recognition techniques that are also relevant for intelligent
user interfaces in music education;

• and finally handwritten music recognition techniques, which range from more
vision-based optical music recognition algorithms to more heuristics-based sketch
recognition algorithms.
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(b)

(a)

Fig. 10.1 A sample screenshot of the Maetoso educational application: a with the original raw
strokes displayed, and b with the generated beautified strokes displayed

We first describe influential prior work to our system from these different fields
before describing the specifics of our system.

10.1.2.1 Music Education Applications

Since our system is a music education application, more specifically an intelligent
music tutoring system, one type of prior work includes those that have digitized self-
study review-based practices such as Tenuto1 and Theory Lessons,2 which allow
students to use mobile devices to visually review music education concepts. Another

1http://www.musictheory.net/products/tenuto.
2http://www.musictheory.net/products/lessons.

http://www.musictheory.net/products/tenuto
http://www.musictheory.net/products/lessons
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type of prior work has more directly targeted younger children that focus more on
learning novelty over conventional classroom practices such as PaintMelody,3 which
presents a unique interactive experience combining drawing and sounds for creative
free-form expression. Prior work that takes a different direction by tapping into the
online strengths of the internet includes massively open online courses (MOOCs)
such as the music theory lessons found in Coursera.4 Lastly, prior work such as
Foundations of Music [18] extend from traditional music education textbooks that
not only provide a digital analog of content in paper-based textbooks, but also inter-
active review exercises based on content from these textbooks. However, these music
education applications have limitations as they provide general binary feedback or no
feedback at all. Such binary feedback only tests students on music theory concepts
that they were instructed to review and does not engage students in directly writing
out music with either touch or a stylus.

10.1.2.2 Music Composition Applications

Unlike music education applications, which dominantly assume that users are gen-
erally students with novice knowledge and experience with music theory, music
composition applications instead dominantly assume that users are generally music
industry professionals or at least aspiring musicians and composers who are well-
versed in music theory. Two such well-established music notation tools specific to
professional musicians include Finale5 and Sibelius,6 both of which provide rich
features within their applications. For the former, users can compose music using
input devices such as a mouse, microphone, scanner, or musical keyboard, while the
latter also incorporates limited educational capabilities such as flashcards related
to music concepts. Other similar applications make use of alternative emerging
modalities of pen and touch, whether they are stylus-driven applications such as
Music Notepad [11] and MusicReader [15], which are earlier works for penning or
annotating onto music notation, respectively; or touch-driven mobile apps such as
NotateMe7 and StaffPad,8 which allow users to directly write basic annotations onto
written music. Other applications such as MusicFlow [27] and SoundBrush [3] also
incorporate multi-touch capabilities for users to notate music, either using traditional
approaches for the former or more novel ones for the latter. However, all of these
tools largely assume that users already have at least strong familiarity ofmusic theory
for notating music, while also lacking features that effectively target practices for
users studying music theory.

3http://apple.co/1mYs0nk.
4https://www.coursera.org/course/musictheory.
5http://www.finalemusic.com/.
6http://www.sibelius.com/.
7http://www.neuratron.com/notateme.html.
8http://bit.ly/19Mq6z5.

http://apple.co/1mYs0nk
https://www.coursera.org/course/musictheory
http://www.finalemusic.com/
http://www.sibelius.com/
http://www.neuratron.com/notateme.html
http://bit.ly/19Mq6z5
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10.1.2.3 Sketch-Enabled Intelligent Tutoring Systems

Sketching, writing, and drawing interactions play pivotal roles in a diverse range of
educational subjects outside of music theory as well, and stylus- and touch-driven
ITS have similarly incorporated such interactions for assisting students in studying
these subjects. A sampling of these ITS with educational applications include:

• Physicsbook [4] for physics, where students can draw physical systems and write
out physics equations that can automatically generate animations of the corre-
sponding physics-based phenomena;

• Mechanix [31, 32] for mechanical engineering, where students can sketch engi-
neering trusses and test the correctness of forces applied on them;

• Hashigo [24] for Japanese, where students can write out Japanaese kanji symbols
and receive feedback on the correctness on the symbol matching and their visual
structure and writing technique;

• iCanDraw [9] and Eye Can See [6] for figure drawing, where students can receive
step-by-step guidance and assessment of their drawing performance;

• LADDER and Tahuti for diagrammatic drawing, where students can draw dia-
grams for general domains for the former or specific domains such as UML draw-
ing for the latter;

• MathPad2 [13] for mathematics, where students can write out mathematical equa-
tions and corresponding diagrams and subsequently receive feedback and visual-
izations of their input;

• BiologySketch [25] for biology,where students canwrite out prompts of biological
diagrams and determine whether their input is correct;

• Maestoso [26] for music theory, where students can test their music theory knowl-
edge by notating music of prompted music concepts.

This last system is the focus of this paper and is discussed in further detail in terms
of implementation and evaluation.

10.1.2.4 Written Music Recognition Techniques

Recognizing how people express music has not only been well-explored, but remains
active in the research community. This is true for music expressed acoustically [20],
emotionally [38], and especially through both printed and handwriting [22]. Printed
and handwriting efforts have relied on different solutions under the umbrella of
optical music recognition (OMR), where representative OMR techniques include
k-nearest neighbor-based OMRs for handwritten scores [21], writer identification
and staff removal [10], hidden Markov-based OMR for notation input [14], as well
as conventional OMRs and image processing techniques for automatically recog-
nizing and playing back simple handwritten music notation [2, 39]. Existing OMR
approaches such as these generally either focus on recognizing handwritten music
on paper or on recognizing stylus input from advanced users. For more novice users
who use styluses, music education-based ITS may be better suited to recognition
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techniques that are capable of automatically understanding and properly assessing
their music writing behaviors such as the sketch and gesture recognition techniques
proposed within our system.

10.2 Method Employed

For our proposed music education-based ITS, we developed the methodology of the
automated recognition system and the implementation of the sketch user interface
by first conducting an interaction design study to determine the range of interaction
cues from potential users, then implementing an optimal collection of sketch and
gesture recognition techniques that are appropriate for our proposed ITS, and lastly
developing a corresponding stylus- and touch-capable sketch user interface that takes
advantage of intelligent capabilities and self-study practices.

10.2.1 Interaction Design Study

In order to optimally develop a music educational application for teaching novice
music students music notation, it is important that we suitably understand how users
of such skill level actually notate music using the tried-and-true tools of paper and
pen. In this regard, we first recruited a set of six participants through convenience
sampling to take part in our interaction design study. The six different users were of
ages between 21 and 32 years of age, two of whomwere female. Additionally, all six
users not only self-reported that they were non-musicians, but also reported having
limited knowledge of general music theory.

For each of our six participants, we conducted our study by taking foundational
music theory questions from established music educational textbooks such as [18].
Our selection of questions focused specifically on writing solutions to prompted
questions displayed on paper, where users needed to identify correct individual com-
ponents found in music notation such as notes, clefs, and staff. The participants
were then tasked to write out their solutions with a pencil (Fig. 10.2). We used our
video recording of participants’ hands and their written answers on paper to match
established observational drawing studies found in [30], so that we would be able to
review the participants’ interaction drawing cues. Whenever a participant informed
the study conductor that they did not know how to draw a specific musical com-
ponent, the study conductor would guide that participant by briefly showing them
a visualization of the musical component in question as a reference. We chose to
briefly show this visualization instead of making it easily available, so that our study
did not influence the participants’ drawing styles from those found in the reference
solutions.
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Fig. 10.2 A user with novice music theory knowledge writing music component responses

Following the completion of each of the six participants in the interaction design
study, we analyzed the video recordings and discovered several valuable drawing
interaction cues. The first observation that we derived from all the participants was
that they drew their handwritten musical components very carefully and methodi-
cally. The second observation is that the participants drew individual musical com-
ponents in multiple strokes. For example, if a participant were prompted to draw a
musical note, they would draw the different sub-components of the note such as the
head and the stem in separate strokes instead of as one merged stroke. From these
observations, we applied these insights in order to help us design the recognition and
interaction capabilities of our proposed system.

10.2.2 Music Recognition System

Designing a system for automatically recognizing handwritten music notation is
challenging overall, and for handwritten music of novice users in particular, our
prior interaction study design better clarified what kinds of strokes novice users are
writing in their musical symbols and how they are doing so. However, another major
challenge in automatically recognizing handwritten music notation is in utilizing
recognition techniques that can optimally accommodate a diverse set of symbols
in music notation that novice students need to know. Such music symbols can be
geometrically complex, such that they cannot be easily defined with geometric def-
initions (e.g., certain clefs and certain rests); geometrically simple, such that they
can be easily defined with geometric definitions (e.g., staffs and empty notes); or
scribble-like, such as they can be filled in its entirety with a scribbled stroke (e.g.,
filled notes and rests).
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Fig. 10.3 Hierarchy of classifiers used in Maestoso, in order of execution

We therefore approached the recognition system of our music educational appli-
cation using a hierarchy of sketch and gesture recognition techniques that specializes
in optimally classifying specific musical components (Fig. 10.3). Furthermore, we
chose to incorporate sketch and gesture recognition techniques over alternative OMR
techniques, since OMR techniques cater more towards achieving the best interpre-
tation of the input over supporting properly-written symbols [26]. The following
content will go into more detail of the automated recognition techniques and the
hierarchical components found in our music recognition system.

10.2.2.1 Template Matching

One area of our recognition system that we wish to highlight involves the gesture
recognition technique of template matching, which involves visually classifying a
written symbol to the label of an existing template. This approach works especially
well for musical symbols such as clefs, accidentals, and shorter duration rests that are
more difficult to geometrically classify using existing sketch recognition techniques.
However, since geometrically complex symbols found in music notation are visually
more complex than the types of symbols that are appropriate for existing template
matching algorithms, we describe our specialized template matching algorithm that
is adapted to musical symbols that novice students will be exposed to.

The first step in our specialized template matching algorithm involves uniformly
transforming the set of points of the user’s original handwritten symbol to simplify
the classification when comparing the original symbol to candidate templates. For
this case, we utilize the stroke transformation steps in the ShortStraw corner-finding
algorithm [37], where we transform both the original symbol and each of the tem-
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plates by first resampling them to 64 points, scaling them to 250 pixels, and then
translating them to the origin in Cartesian coordinates. In our templates, eachmusical
symbol that will be used in our educational application consists of twenty distinct
candidate templates for comparison with handwritten input symbols.

After transforming both the input and template symbols, we performed general
templatematching algorithm steps similar to those found in prior touch gesture recog-
nition techniques such as $1 [36] and Protractor [16], which involve comparing the
handwritten input symbol to the set of template symbols. In order to accommodate
input symbols that are drawnwithmore than one stroke, we take similar cues from the
multi-stroke template matching algorithm $N-Protractor [1] in combining strokes.
Finally, when it comes to comparing the user’s input symbol to the best template
symbol candidate, we followed the comparison methods in [12, 33, 34] by using
Hausdorff distance, where distances are calculated as between the closest pair of
points between the input symbol and each template symbol; instead of Eucliden dis-
tance found in [16, 36], where distances are calculated as one-to-one between the
input symbol and each template symbol. The reason is that we empirically observed
that Hausdorff-based template matching performed better recognition in comparison
for the types of musical symbols that we introduce to novice students. We subse-
quently refined the similarity score calculation—previously used in touch gesture
recognizers such as $1—specifically for Hausdorff distance, in order to provide
more well-defined similarity confidence values between the sketched strokes and the
candidate template below. From this similarity score, the label of the template with
the highest score is used to classify the input symbol.

score = 1 − | 1−d√
S2+S2

|
10

10.2.2.2 Staff Classification

The staff plays a pivotal role as the first type of symbol that people would draw when
composing music from scratch. Consisting of five long horizontal lines that are
adjacent to each other, the staff serves to help people position the remaining musical
symbols. Since the staff consists of these horizontal lines, we build a classifier for
the staff and its individual lines that specifically looks for five such lines that span
the width of the drawing area. We can therefore rely on the insights of geometric
sketch recognition algorithms such as the line tests used in PaleoSketch [19] and
ShortStraw [37] for determining whether or not an input stroke is a staff line and
whether or not a set of input strokes form a staff.

One of the two capabilities of the staff classifier is determining whether an indi-
vidual input stroke forms a staff line. To do so, the classifier first calculates the entire
path distance of the input stroke and compares that path distance to the width of
the entire drawing area. If the ratio of the input stroke’s path distance to the drawing
area’s entire width exceeds 0.75, then the classifier checks if the input stroke is a line.
We rely on a line test that relies on two values: the path distance of the input stroke
and the Euclidean distance between the endpoints of the input stroke. If the ratio of
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the smaller to the larger value exceeds 0.95, then we consider the input stroke to be a
line. Finally, we perform a horizontal test to determine if the line is horizontal. This is
accomplished by calculating the incline angle formed between the two endpoints of
the Euclidean line formed between the input stroke’s endpoints. If the incline angle
is within 5% of the ideal horizontal line angle, then we can finally classify the input
stroke as a staff line.

The second capability of the staff classifier is actually determining whether a set
of existing horizontal lines forms the staff itself. In order to do so, the classifier first
checks to see if a set of five classified staff lines exists. When this set is confirmed
as such, the staff classifier proceeds to group these lines as a staff before beauti-
fying these lines. The beautification process consists of straightening the topmost
and bottommost staff lines, and then evenly spacing and similarly straightening the
remaining in-between three staff lines. Additional information is stored as metadata
within this new staff sketch object, such as the vertical distance between adjacent
staff lines, and the enumerations of the five staff lines. The vertical distance is ref-
erenced in our later classifiers to determine the relative size of the musical symbols,
while the enumerations will be referenced to determine the correctness of the input
compared to the model answers during assessment.

10.2.2.3 Clef, Key, and Beat Classification

Input strokes that do not pass the staff classifier are sent to subsequent classifiers,
specifically classifiers such as the clef, key, and beat classifiers (in that order). These
passive musical components serve a purpose in music notation as setting the proper-
ties of a range of active musical properties that are played (i.e., notes) or not played
(i.e., rests). For novice students in particular, these passive musical components are
usually expected to be written after the staff.

The first classifier in this category ofmusic notation classifiers is the clef classifier,
where we identify two essential clefs that novice music theory students must know:
the treble clef and the bass clef. Classification for these two clefs first involves using
template matching to identify whether they visually match existing templates of such
clefs. When template matching confirms that the user’s input is visually a musical
clef, our classifier then checks to see if the clef is spatially appropriate such that it is
not only relatively proportional to the musical staff, but that it is also located within
the correct relative area of the music staff as well. The latter check takes into account
the bounding area of the input relative to the location of the individual and entire
lines of the music clef.

The next classifier in this category is the key classifier, where we identify the three
essential keys that are the flat, sharp, and neutral. To identify the visual existence
of the keys, we rely on template matching for each key. We then determine the
location of the key on the musical staff—since its position is crucial in written music
notation—by finding the center of the user input’s bounding box and locating the
musical staff line that is closest to that center. Unlike the clefs and beats, keys are
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optional and so the key classifier may be skipped entirely if all cases for keys fails
either the template matching or relative spatial checks.

The last classifier in this category is the beat classifier, which identifies the beats
of the written music notation, specifically with two numbers located one on top of
the other adjacent to the clef. Classification in this case first involves identifying
what the number is, then determining if it is located in the top or bottom half of
the music staff as defined by the defined musical semantics of musical beats, and
lastly determines if the musical beat is both semantically complete (i.e., contains two
numbers) and spatially correct (i.e., the numbers are located adjacently and closely
to the right of the clef and are horizontally adjacent to each other). To identify the
individual numbers of the beat, we rely on template matching, while location of
the numbers involves checking the bounding boxes of both the individual numbers
relative to each other and to the musical staff. Since novice students are expected to
know only a small set of possible musical beats, we limit the recognition of the top
and bottom beats to single-digit numbers.

10.2.2.4 Rest, Note Head, and Measure Line Classification

The next category of classifiers specific to rests, note heads, and measures focuses on
most of the musical notation that follows after the clef, key, and beat notations. The
only remaining musical notation that is not covered in this category are the specific
subcomponents of the notes, which are highly variable and are handled as a separate
classifier category in the next subsection.

Rests in music notation can be visually grouped into two different types: those
that contain complex curves and multiple shapes (e.g., quarter and eighth rests) and
those that consist of simple filled or unfilled geometric shapes (e.g., quarter, half,
and whole rests). For the former complex symbols, we rely dominantly on template
matching similar to other template-matched musical notations. For the latter simple
symbols, we similarly perform template matching for both filled and unfilled sym-
bols on the outer rectangular outline due to simplicity of implementation while still
performingwell in recognition. However, if the latter is a filled shape, we also employ
an additional scribble recognition technique from [7] which determines whether the
shape is filled or not. Once we determine if the input is a rest, we then perform a last
step that determines if the rest is located in the vertical center of the musical staff. If
these constraints are fulfilled, the input is classified as a rest.

Unlike rests, note heads are less varied and consist of either filled or unfilled
approximated circles. Therefore, for the note head classifier for bothfilled andunfilled
note heads, we rely on PaleoSketch’s circle test heuristic to classify note heads. If
the note head is also filled, we similarly apply the scribble recognition test from the
rest classifier. If the note head passes these constraints, it is classified as such. We
then determine the placement of the note head based on whether its center is closer
to the middle of two staff lines or on a staff line itself.
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The last classifier in this category is the measure classifier: the simplest of the
group and one of the simplest of all the classifiers in the recognition system. The
measure classifier consists of a vertical line that spans from the top of the musical
staff line to the bottom. For this test, we simply perform a vertical line test from
PaleoSketch and determine if the top and bottom endpoints of the input are relatively
close to the corresponding top and bottom regions of the musical staff. If these
constraints are met, then the input is classified as a measure line.

10.2.2.5 Note Components Classification

The last category of classifying written musical notation is for the variable compo-
nents that augment note heads. Since these components vary depending on the note’s
duration and are specific to only notes, this category is treated separately and last in
the recognition system.

Specifically for eachnote component,wefirst determine if the component iswithin
half a step of a specific area of a note head (e.g., stems, dots, ledger lines, accidentals)
or stem (e.g., beams, flags).We then apply geometric shape tests from PaleoSketch to
try to classify those note components. For example, for note components that can be
at least approximated by a line such as stems, ledger lines, beams, and flags, we apply
the line test heuristic fromPaleoSketch to determinewhether it is a visually valid note
component. The classifier then adjusts accordingly for more specific classification
on these note components such as their orientation and endpoint positioning relative
to the note head or its other note components (e.g., stem).

For note components that are not directly connected to the note head or its con-
nected note components but are relatively nearby, such as dots and accidentals, we
first determine whether those note components are close enough by a distance thresh-
old (within one note head distance) and whether they are vertically aligned with the
note head itself, and then apply specific classification steps for those note compo-
nents. For dots, we employ a dot test heuristic to determine if the stroke contains at
most two points, which we apply template matching for accidentals.

10.2.3 Learning Interface System

We created a learning interface system with pen- and touch-capabilities so that stu-
dents can directly draw their music notation in responses to prompted music theory
questions. We supplemented our interface with the recognition system in order to
provide students with targeted feedback and assessment similar to human instructors,
so that they may receive such feedback at their own individual pace. The interface
systemwas designedwith separate interfaces that target both students and instructors.
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10.2.3.1 Student Interface

The main window of the student interface (Fig. 10.4) consists of several different
areas of interest to the student: the top lesson area, the middle drawing area, and the
bottom interaction area. The main window also allows students to select one of two
possible modes: practice mode that enables all features, and quiz mode that disables
certain features such as hints.

The lesson area (at the top) consists of elements such as the question number,
the question text, an accompanying text hint, an image solution, and buttons for
navigating between the different questions while in practice mode. If the student
instead selected quiz mode, then the text hint, image solution, and back navigation
button are disabled.

The sketching area (in themiddle) consists entirely of a drawing space for students
to input their answers with either touch or stylus. By default, input from the user is
automatically beautified to their corresponding recognized music components, but
can also be disabled by the user manually from the menu bar if they prefer to view
their original raw strokes instead.

At the bottom is an interaction area that contains a color palette consisting of
selectable stylus ink color, as well as buttons for clearing and undoing strokes, and
for checking their solution.

Once users click the last button for checking their solution, they will be shown
a feedback window (Fig. 10.5) of their performance, as well as a report window
(Fig. 10.6) after completing the lesson.

Users can check their responses to the question on the feedback window by view-
ing the following components: a sentence indicating whether the response is correct
or not, the model solution image, a set of criteria checks (i.e., staff, clef, key signa-
ture, time signature, duration, measure) that are individually enabled depending on

Fig. 10.4 Interface for practicing on prompted music theory questions. The quiz interface removes
the text hints and graphic solution
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Fig. 10.5 Interface and its output window displaying personalized feedback to users of the indi-
vidual question feedback

Fig. 10.6 Output window displaying personalized feedback to users of the entire quiz overall report
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the given problem, and a progress of questions answered correctly, incorrectly, and
in progress. Each criteria check not only lists the general criteria being checked, but
also includes more specific detail related to that criteria. For example, if a user drew
a note in the incorrect position or wrong duration, wrote the incorrect clef or key
signature, or included the incorrect number of beats in a particular measure, then the
criteria check’s detailed feedback will specifically indicate it.

The report window appears after the last question is checked during quiz mode
only. Not only does this window give users an overall score of the quiz and an
update of the number of questions answered correctly, but it also displays a list of the
questions that includes the question number and contents, the model solution image,
and whether the user answered them correctly.

10.2.3.2 Instructor Interface

In addition to the core Maestoso application, we also included an accompanying les-
son builder for instructors to develop lessons specific to their curriculum (Fig. 10.7).
In order to assist in the development of our lesson builder, we consulted with four
different music experts for their feedback on appropriate features: an engineering
student with years of music study, a professional music instructor with a formal
graduate degree in music studies, a part-time music instructor with over a decade of
music training, and a music department graduate student from a major university.

Based on our discussions with these experts on the development of a automatic
lesson generator, we included the following features: editable question numbers for
easy rearranging of the questions, a text box for inputting questions, an additional
text box for inputting hints, buttons for including answer and image files, and check-
boxes for selectable criteria checks used in Maestoso. This last feature was strongly
suggested from the music experts as it allowed them to provide greater flexibility on
how they can design the questions. For example, an instructor can disable checks on
clefs if either the bass clef or treble is allowable, disable checks on key signature
specifications if the solution allows for any key, or disable requiring particular notes
if the instructor only requires that they total the correct duration each measure. The
selection of these criteria checks thus determines which classifiers are enabled during
the practice and quiz modes in Maestoso.

There are two reasons why it is important to note that as the instructor is designing
the lesson, they may not have files readily available containing the model answer and
solution image. The first reason is that we allow the instructor to first sketch themodel
answer after running the lesson once on the Maestoso interface, then save the answer
as an XML file, and finally include it in the lesson builder. The second reason is that
the instructor can have flexibility in what kind of graphic to include as the solution
image (e.g., screeenshot, handwritten, animation).
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Fig. 10.7 Interface for instructors to create personalized music lessons

10.3 Results and Evaluation

In order to fully evaluate the performance of our work, we focus our evaluation in
two stages: the recognition evaluation for measuring the performance of how well
the recognition system handles users’ written music notation, and the interaction
evaluation for measuring the intuitiveness and usefulness of the interfaces.

10.3.1 Recognition Evaluation

For our first evaluation, we wanted to determine how well the music recognition
system performed for novice users’ written music input. In order to do that, we
made use of the original group of novice users that provided sketches of musical
components made on paper, and asked them to similarly provide written input on
those musical components with a stylus. The setup uses a Wacom Bamboo tablet
connected to a laptop, and the data set consisted of all the components that were
used in the music recognition system, such as staffs, clefs, keys, beats, rests, notes
of different variations, measure bars, and so on. We lastly asked the participants to
sketch twenty instances of each component in consecutive order while we recorded
their sketched input.

Following the completion of these tasks, we then analyzed the performance of the
music recognition system by using all-or-nothing recognition [37] for determining
a component as being either completely correct or not at all. What we discovered
was that all the users were able to draw the musical components in the data set with
average accuracy of over 95%. Easier components, such as measure bars and staves,
were recognized with almost perfect accuracy, while more complex components,
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such as clefs and more complex note variants, performed with greater than 90%
accuracy.

10.3.2 Interaction Evaluation

Our second evaluation consisted of having participants run through music lessons
in practice mode, and subsequently strive to achieve the highest score in quiz mode
after they felt comfortable with that lesson’s set of questions. For this evaluation, we
recruited a separate group of ten participants—ages 18–27, six females—whom self-
reported that they had only passing knowledge of music theory but had at least some
familiarity with using stylus- and touch-enabled computing devices. We then asked
them to run through five different lessons of varying difficulty. These lessons were
designed to be self-contained for introducing core beginner music theory concepts,
and we consulted with our four music experts as well as different music theory
textbooks and online music theory websites to define the specific questions of these
lessons. These five lessons consisted of the following topics: (1) staffs and clefs, (2)
key and time signatures, (3) basic notation, (4) scales and accidentals, and (5) simple
transcription.

After instructing the participants to go through the five lessons in both practice
and quiz modes, we allowed them to perform the study while we observed and timed
their performance and became available if they encountered any issues. In general,
the participants were able to complete all five lessons in one session that lasted from
forty-five minutes for one user to two hours for another. From the study, we observed
that all the users were able to complete the quizzes while making either zeromistakes
most of the time and erring on a question on a few occasions. We also discovered that
users who spent longer in their session scored slightly higher, and that everyone had
varying difficulties once they reached the last lesson, since that lesson tested their
memorization skills of transcribing measures of classic well-known songs.

10.4 Contributions

In this paper, we describe our contributions from developing an intelligent tutoring
system for teaching novice users the foundational elements of written music theory
through a combination of written music notation and accompanying feedback and
assessment. The main contributions of our work include allowing users to practice
their knowledge of written music theory with emulated assistance similar to human
instructors, creating an interface that mimics the intuitiveness of existing traditional
paper interfaces for music instruction, and developing a recognition system that is
robust to written music notation from novice users.
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Chapter 11
SmartStrokes: Digitizing Paper-Based
Neuropsychological Tests

Raniero Lara-Garduno, Nancy Leslie, and Tracy Hammond

Abstract Clinical neuropsychologists develop comprehensive behavioral profiles
on their patients primarily by using paper-and-pencil test stimuli. Despite these tests
being significantly cheaper and faster than complex procedures such as MRI scans,
multiple drawbacks remain. Constructing these behavioral profiles can take upwards
of six hours to fully complete, and the analysis of the sketches from these pencil-and-
paper tests is still largely subjective and qualitative. We developed SmartStrokes, a
testing suite that implements digital versions of common clinical neuropsychology
pencil-and-paper tests, with the purpose of helping to automate and analyze patient
sketches using the principles of sketch recognition.

11.1 Introduction and Background Information

Strokes continue to be prevalent in public health, with the last year seeing nearly
800,000 strokes and 100,000 deaths from strokes in the United States [6]. Victims of
strokes and similar cognitive disabilities suffer from difficulties with speech, move-
ment, critical thinking, short and long term memory, conveying and understanding
emotion, and difficulties in performing many physical day-to-day tasks to remain
independent. Diagnosis and early detection in disorders that deteriorate these func-
tions such as Alzheimer’s disease can prove difficult, since noticeable cognitive
deficiencies may not manifest for several years. Medical experts use several test-
ing methods in order to accurately measure and gauge the severity of cognitive
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deficiencies in patients suffering from severe concussions, Alzheimer’s disease, and
stroke patients, among others [5].

The most established method of diagnosing these issues cheaply and efficiently is
via standardized tests administered on paper. These tests often task users with a cog-
nitively challenging exercise that requires higher than resting-level mental function
in order to complete effectively. Medical professionals meet with their patients and
ask them to complete several of these tests, observing their behavior while patients
complete them. These behaviors include: the patient’s ability to comprehend and
act on instructions, their sitting position, manner of holding the pen, maintaining
eye contact during instructions, behavior upon committing a mistake, willingness to
complete the examination, etc. Clinical neuropsychologists then use these evalua-
tions to diagnose and, if applicable, determine the extent of cognitive deficiencies
and type of therapy. They also use this information to make important decisions such
as whether the patient is able to perform tasks involving heavy machinery or driving
a vehicle during their daily lives.

11.1.1 Existing Neuropsychology Examinations

Three commonly used neuropsychological tests include the Trail-Making test that
measures search speed and executive functioning [14], the Clock Drawing test mea-
suring memory, concentration, and mental clarity,1 and the Rey-Osterrieth Complex
Figure test measuring visuospatial abilities and working memory [15]. Clinical neu-
ropsychologists use a combination of these and other tests to build a comprehensive
behavioral profile on the patient. The clinician measures test time completion via a
stopwatch, and these tests can sometimes be recorded via audio or video for later
review. These and several other tests have been established in the field of neuropsy-
chology as effective probes into the cognitive functions of patients [11, 17, 18].

The Trail-Making test is an evaluation in which the worksheet is a single sheet of
paper that contains several labeled dots of incrementing value, and the patient is asked
to connect the dots in the correct order according to the labels. Neuropsychologists
use these two tests frequently in forensic evaluations for its reliability and relative
ease of administration [10]. The test is frequently administered as a pair, where
the patient completes a Trail-Making test of the “A” variation and then a test of
the “B” variation immediately afterward. In the “A” variation, the dots are ordered
in incremental numerical order, that is “1” to “2” to “3”, until the dot “25” has
been reached. The “B” variation alternates the dots between incremental letters and
numbers, requiring the patient to keep track of both “lists” at the same time. The
correct order of dots in this variation is “1” to “A” to “2” to “B” to “3” to “C”, etc.
Variation “B” is typically more rigorous for the patient and requires considerably
more effort to complete. Figure11.1 depicts an example of how these would be

1Clock Drawing Test, Iowa Geriatric Education Center, 2014, https://www.healthcare.uiowa.edu/
igec/tools/cognitive/clockDrawing.pdf.

https://www.healthcare.uiowa.edu/igec/tools/cognitive/clockDrawing.pdf
https://www.healthcare.uiowa.edu/igec/tools/cognitive/clockDrawing.pdf


11 SmartStrokes: Digitizing Paper-Based Neuropsychological Tests 165

Fig. 11.1 The dots on the
Trails-A variation follow the
order shown on the left; those
of the Trails-B variation are
shown on the right

Fig. 11.2 The complex
figure that the patient is
expected to copy, memorize,
and recall in a Rey-Osterrieth
Complex Figure test

shown and connected on a test. The tests are administered using a universal testing
procedure to maintain consistent evaluations among clinicians and patients [2].

The Clock Drawing test consists of the clinician handing the patient a piece
of paper with a large round circle printed on it, and the clinician asks him or her
to draw an analog clock with the hour and minute hands in a specific location to
depict a predetermined time. The desired locations for the minute and hour hands
are instructed by time, such as “please draw the hands to show 10min past 9” rather
than simply saying “please place the hour hand in 9 and minute hand in 2.” This
encourages the patient to evaluate the representation of time in an analog clock
instead of simply following directions.

The Rey-Osterrieth Complex Figure test is a three-part test that involves recall of
a complex abstract figure shown on a piece of paper [16]. Each part of this test is
called a “condition” as per the established test instructions: Copy, Immediate Recall,
and Delayed Recall. In the Copy condition, the clinician presents the patient with
a figure depicting a standardized complex figure, shown in Fig. 11.2, consisting of
various abstract geometric figures drawn in different areas of the paper, all connected
via shared shape edges, lines, or intersecting points. In this condition, the patient is
not timed for completion, but rather his or her progress is carefully observed by the
clinician, who can take notes as necessary. Some variations of the Copy condition
involve periodically using different colored pencils for sketching to record the order
in which the sketch is drawn, but the most recent Complex Figure Test instructions
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discourage this practice as patients might use the differently colored pencils as a
mnemonic device. In the second condition, Immediate Recall, the patient is asked
to redraw the figure from memory, without the aid of the pre-drawn complex figure
for reference. In this condition, the clinician might use a timer. The final condition,
Delayed Recall, involves the clinician asking the patient to once again redraw the
abstract figure from memory after a long delay (typically after 20–30min). The
clinician does not inform the patient of this third condition, ensuring that the patient
will not know of this third part of the test beforehand, aiding in testing the patient’s
incidental memory as fully as possible.

There exist multiple variations on each of these tests, and small differences may
exist between clinicians. For our application, we aim to recreate the rules of each
test as we have described above.

11.1.2 Motivation

Despite the fact that administering paper-and-pencil tests is effective and rela-
tively low in cost, there exist multiple drawbacks and limitations. Comprehensive
behavioral profiles can take several hours at a time to complete, and the subjec-
tive evaluation as well as the testing style of different neuropsychologists can differ
significantly. Furthermore, the sketch-based nature of these paper tests makes record-
ing this information in its entirety difficult to digitize, and long-term statistical track-
ing and numerical precision is unfeasible. They can also be used as an enhancement
for more advanced applications of these tests. For instance, recognition trials, such
as the Meyers and Meyers Recognition Trial for the Rey-Osterrieth Complex figure
Test, is used to detect instances of “suspect effort” in which a patient feigns cognitive
disabilities to use to their advantage [13]. Modern sketch recognition techniques can
be an invaluable tool in detecting said suspect efforts.

Most importantly, we believe that the physical sketches that the patients produce
in and of themselves contain a vast amount of rich information. Tests used on healthy
populations yeild subtleties in performance that have been shown to be significant,
and we believe that analyzing information-rich sketch data can help emphasize said
subtleties [20]. Should we collect this data digitally and perform established sketch
recognition techniques on them, we believe that we can extract novel information
about patients with fine granularity that is not possible through evaluating traditional
paper-and-pencil tests.

11.2 Related Work

Trail-Making tests, the focus of this paper, have been previously used to deter-
mine tangentially related information about the populations they test. Davis et
al. has analyzed Clock Drawing tests using sketch recognition and supports both
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sketch analysis and real-time drawing replay to allow clinicians to review the sketches
[3]. Kim et al. implemented the ClockDrawing test as well as the Trail-Making test in
a preliminary tablet computer application, although the system relies on older tablet
and pen technology [8]. Their work has also extended in making sketch recogni-
tion optimizations specifically for the Clock Drawing test [7]. Cavaco et al. gathered
normative data through the Trail-Making test from the Portuguese population. Their
findings included a negative correlation between the participants’ completion time
and age/education. They also noted that age and education were not significantly
different between men and women [15]. This suggests the potential of Trail-Making
tests in determining new information about a user, as this test was not originally
developed for the sole purpose of finding such a correlation. Other related work to
this study includes digitizing pencil and paper tasks to specifically determine cogni-
tive function in mental disabilities, such as the work of Aly et al. [1]. Using digital
pen tests, Aly analyzed pen activity to detect tremors in users with a reported case
of Parkinson’s disease. Rey-Osterrieth tests have been used in other cutting-edge
research, such as the work of Li et al., which used this classic memory test and
applied it to a haptic system to record user input in 3 dimensions [12]. Using sketch
recognition for neuropsychological sketch-based tests is motivated in efforts such
as Eoff and Hammond, allowing a system to accurately attribute pen strokes to a
user without relying on sketch context, instead using solely pen pressure and tilt data
[4]. Because sketches from neuropsychological tests are a direct result of a user’s
cognitive functions, we believe there is a strong link in attributing this sketch data
to a user’s cognitive abilities. This prior work legitimizes the interest in digitizing
these paper tests to provide a wider range of data and precision. It also shows the
unreached potential of sketch recognition in this application.

11.3 SmartStrokes

SmartStrokes is a digital neuropsychology test platform that records pen input for
the purpose of sketch recognition analysis. The platform was developed on the Win-
dows 8 Modern App platform, designed to be used on a Microsoft Surface Pro 2
tablet. A version of this application can be seen in Fig. 11.3. Forward compatibility
of the Modern App platform enables us also to work with the Surface Pro 3 and
future iterations of the hardware, as well as the Windows 10 operating system. We
chose these devices due to their accuracy in simulating the pen-and-paper writing
experience given their number of integrated pen writing technologies built into the
hardware and firmware. Additionally, the amount of information that the Surface
devices are able to record such as pen pressure data and hover data yield multiple
dimensions of information on the same sketch data. It provides richer amounts of
information without having to alter the way the test is taken or administered.

SmartStrokes is primarily developed for use by a clinical neuropsychologist. The
application operates under an account system that focuses on the clinician, with their
user name being linked to the various patients he or she has. Once the clinician logs



168 R. Lara-Garduno et al.

Fig. 11.3 A patient completing the Trail-Making test in the SmartStrokes application

in, SmartStrokes displays all of the patients associated with that clinician and the
choice to register a new one.

Our current studies involve performing sketch recognition analysis on the Trail-
Making test, although our future goals include performing the same analysis on the
remaining tests. We intend to compare our Trail-Making test data with existing data
from pen-and-paper studies to analyze differences between the paper tests and their
digital counterparts [19]. Clinical trials on this software will begin once we have
completed automated test analysis.

11.3.1 Patient Registration

Doctor-Patient confidentiality is an important principle that we do our best to uphold
with SmartStrokes. Under the direction of our clinical neuropsychologist teammem-
ber, we follow the standard format of patient ID that helps the clinician remember
which identification number belongs to which patient, while also being impersonal
enough to preserve the anonymity of his or her patient. The format is: the first letter
of the patient’s first name, followed by a two-number representation of the current
month, a two-number representation of the current year, and ending with the first
lettter of the patient’s last name. For example, a patient name John Doe seeing the
clinician for the first time on aMarch 17will have a patient ID of J0317D. This allows
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the clinician to easily link the patient with an anonymous ID without requiring an
extensive code system.

11.3.2 Test Administration

Once the patient has been selected, the clinician can then select the test to administer
in a menu as shown in Fig. 11.4. Once the patient has been selected, the clinician
can then select the test to administer. We have integrated two variations of the Trail-
Making test, the Clock Drawing test, and the Rey-Osterrieth Complex Figure test on
this platform. The clinician has the ability to have the patient take the test as many
times as the clinician wishes, enabling him or her to record the patient’s progress
over a short or long period of time. The clinician would select one of these tests
and review the test instructions that will appear on the screen with the patient. The
patient will then press the “Begin” button on the screen when he or she is ready and
complete the test.

For the Trail-Making tests, there is no functionality to cancel or pause the test,
since at that point the patient is in control of the device, and through some preliminary
studies we have found that patients subconsciously pressed a “Cancel” button when
it was on the screen whenever they made a mistake. In the paper-and-pencil tests the
rules stipulate that all patients preserve their mistakes and complete the test in one
try, and as such our application functionality is implemented to mimic those testing
conditions as closely as possible. The Clock Drawing and Rey-Osterrieth Complex
figure Tests in SmartStrokes do have a “Finish” button to indicate that the patient
has finished the test, similar to how a patient with a paper-and-pencil version of the
test would have to indicate that he or she is finished. However, there are no “Cancel”
buttons for the same reason as in the Trail-Making tests.

Fig. 11.4 The main menu of the SmartStrokes testing suite after a clinician has logged in and
chosen a patient
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11.3.3 Past Test Records

In addition to performing sketch recognition on digitized patient sketches, another
advantage to using a digitized application for these paper-and-pencil tests is provid-
ing many different forms of data visualization for clinicians that may be difficult or
unfeasible to perform for every patient on paper. The “Replay” features of Smart-
Strokes are tailored for the individual test types and use the advantages of digitized
sketch data to provide more relevant information to the clinician.

11.3.3.1 Trail-Making Test Records

The Trail-Making tests record displays are the same for both the A and B variations
of the test. When a clinician chooses to view a patient’s past Trail-Making test, the
patient’s sketch for that particular test is displayed for the clinician, along with the
total completion time toward the top of the screen. In this mode, the patient’s sketch
is color coded, with the color of the sketch changing for every set amount of time,
with the interval based on the total test completion time. For example, a patient’s
sketch color may change in the clinician’s records that corresponds to five seconds
passing when the patient was taking the test. This way, the clinician is provided with
a “heat map” of sorts, such that if the color of the sketch changes several times in
one particular part of the test, the clinician can easily identify that the patient took
a long time in that particular region. An example of this interface can be seen in
Fig. 11.5. We can contrast this to a clinician viewing a patient’s completed paper test
from his or her file; the clinician has no way of knowing how much time a patient
spent in any particular region of the test without a video recording of the patient’s
performance. Finally, SmartStrokes can show the clinician a table comprised of every

Fig. 11.5 The Trail-Making test as shown in the SmartStrokes application
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Fig. 11.6 The Clock Drawing test as shown in the SmartStrokes application

mistake that the patient committed during the test, along with how long the patient
took to correctly move from one dot to the next.

11.3.3.2 Clock Drawing Test Records

The Clock Drawing records display their information differently in that they provide
a real-time replay of the patient sketch. The replay is automatically started when
the clinician selects the patient’s test and ends only when the replay completes. The
replay is performed at a slightly slower rate than real-time in order for the clinician
to be able to notice nuances in the patient’s sketch creation patterns. Additionally,
all erasures are preserved in the sketch. Although erased lines fully disappear when
completing the test, when the clinician is viewing the replay all of these erased
lines instead appear as light-gray. This allows the clinician to see where and when
mistakes were made and to compare the initial attempts of the patient along with
the final submission of the sketches. An image of the replay interface can be seen in
Fig. 11.6.

11.3.3.3 Rey-Osterrieth Complex Figure Test Records

The Rey-Osterrieth replay involves comparing two different sketches due to the
nature of the test itself. The clinician is asked to pick two different test completions
of the Rey-Osterrieth test, and once the “Replay” button is pressed, both sketches are
played adjacent to each other. The actual replay works similarly to that of the Clock
Drawing test replays, in that the sketches are played at a slightly slower time, and
they only stop when the respective sketches are fully drawn. The clinician is able
to not only pick the sketches within one particular set of Rey-Osterrieth tests, but
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also compare between different testing sessions. Figure11.7 depicts this part of the
interface.

Completion times of all patients can also be visualized in a built-in normative
data view that compiles completion times of all patients. This feature can be seen
in Fig. 11.8. Norms are separated by test type (with Trail-Making test variations
A and B separated into their own respective categories) and results can be further
filtered based on patient age range, gender, and education level. Norm comparison
is an important aspect of these neuropsychological tests, and implementing them for
automatic organization and visualization is just one of the multiple advantages of a
fully digitized neuropsychological testing suite.

Fig. 11.7 Two consecutive Rey-Osterrieth Complex Figure tests being replayed in real time next
to each other. The clinician is able to compare two different tests from either the same patient or
different ones

Fig. 11.8 A sample graph depicting a display of every patient’s completion times for Trail-Making
test A (the data is a sample)



11 SmartStrokes: Digitizing Paper-Based Neuropsychological Tests 173

11.4 You-Try-It Demonstration

Our You-Try-It demonstration at the 2015Workshop on the Impact of Pen and Touch
Technology on Education involved a guided walk-through outlining the different
features of the SmartStrokes platform. In addition, participants simulated a patient’s
test-taking experience by completing each of the two Trail-Making test variations,
the Clock Drawing test, and the Rey-Osterrieth Complex Figure test. Each of these
tests took only a few minutes to complete and helped to provide insight into the
components and importance of neuropsychological tests, as well as gain an under-
standing of the sketch data and how it can be used to find new information about
patients that would not be possible with a typical pen-and-paper format. Participants
in this demonstration expressed interest in the field of study and believed that the use
of technology in this domain has the potential to make a large impact in the field of
clinical neuropsychology.

11.5 Overview and Impact

At its core, the motivation behind SmartStrokes is to provide clinical neuropsychol-
ogists with information-rich data on their patients by administering a digital version
of existing pen-and-paper cognitive tests. This means that doctors will have access
to new data with little to no additional testing procedures, effort, or time require-
ments on their part. As we have outlined in the previous section, the fact that these
sketches are recorded digitally, with thousands of individually timestamped points
that make up each sketch, allows us to visualize the same records in new ways that
were previously unfeasible using the paper-and-pencil format.

With enough user data we can also develop a model of both healthy and cognitive
deficient patients to help automate some of the testing process strictly by analyzing
the sketch data. This provides clinicians useful pre-diagnosis information as well as
helps patients living in remote regions of the world to perform these tests outside of
a clinic and send the results digitally to their doctor.

In addition to aiding practicing clinicians, SmartStrokes can also be used to aid
clinical neuropsychology students by providing them with existing patient sketches
and sketch replay data and asking them to identify areas of concern, such as significant
tremors, several mistakes in one region, and prolonged hesitation. SmartStrokes can
then provide themwith a fully analyzed version of this test and compare the student’s
answers, identifying any areas of concern that the student may have missed.
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11.6 Future Work

We have conducted preliminary studies on healthy users using the two variations on
the Trail-Making test that have allowed us to predict user age based on broad age
categories [9].We performed this work using common sketch recognition techniques
that allowed us to identify sketch areas and features important in determining the age
of the user. This promising data leads us to conduct more studies on a larger scale
to solidify the validity of the recent findings, as well as helping to develop a more
thorough model of what the sketch data of a healthy patient looks like in order to
help identify symptoms of cognitive issues.

Additionally, we intend to add more neuropsychological tests into the testing
suite in order to generate more sketch data that can be used to classify illnesses. We
ultimately intend to conduct user studies similar to those that we have completed
for the Trail-Making tests to develop a more comprehensive prediction model as we
integrate the results from all of these digitized tests.

11.7 Conclusion

In the field of neuropsychology, paper-and-pencil cognitive tests remain a reliable and
low-cost tool for clinicians to diagnose patients. We believe that digitizing these tests
and performing common sketch recognition techniques can yield a vast amount of
automated information that can help clinicians in developing comprehensive behav-
ioral profiles more quickly than would otherwise be possible. In addition, digitized
testing suites can serve as databases of information that could store every test, related
video, and accompanying information on paper-based test results, all in one applica-
tion for the convenience of the clinician. We are hopeful that we will find interesting
and novel data in the field of neuropsychology as we progress in this project.
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Chapter 12
The Digital Sash: A Sketch-Based Badge
System in a Social Network for Children

Stephanie Valentine, Angelica Leyva-McMurtry,
Katya Borgos-Rodriguez, and Tracy Hammond

Abstract In this chapter, we present a sketch-based reward system for promoting
the practice of digital citizenship skills within our custom social network for children
aged 7 to 12 years. This badge systemprompts budding social networkers to complete
fun, creative sketching activities and short writing tasks. Because we have deployed
our custom social network (KidGab) within our local Girl Scouts Council, our badge
system takes the form of a digital Girl Scout sash. In this work, we discuss the badges
that prompted the most participation from our users and provide example responses
for each. Finally, we consider methods in which our system and results might be
generalized to suit non-scouting populations of children such as classrooms, clubs,
and sports teams.

12.1 Motivation and Context

Cyberbullying, defined as “[w]illful and repeated harm inflicted through the use of
computers, cell phones, and other electronic devices” [6], is a digital phenomenon
affecting as many as 35% of today’s youth [8]. In a 2010 survey, Microsoft found
that 40% of parents said their child was involved in a cyberbullying incident and that
76% of educators rank cyberbullying as a “severe” issue [13].
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After experiencing cyberbullying ourselves and witnessing the tragic effects of
cyberbullying in the lives of young people close to us, we knew we wanted to direct
our research focus toward this massive societal problem. An extensive literature
search (e.g. [1, 5–7, 9, 10, 14, 15, 17]) into existing cyberbullying research revealed
a choice: we can work to recognize and identify cyberbullying as it happens, or we
can work to prevent cyberbullying from happening at all. We chose to attempt the
latter, building a social network for children ages 7–12 years that serves as an active
training ground for establishing and practicing healthy digital friendships.

Our sketch-based social network, named KidGab and explained in more detail
in Sect. 12.2, is a departure from most research applications for children in that it
requires participants to engage with the system in their free time and by their own
volition. Active participation is necessary to achieve the practice and experiences
necessary to learn safe and healthy social networking habits. To achieve our goal of
longitudinal participation, participants must remain engaged with the system for an
extended period of time (8+ weeks). Given these difficulties, we needed to design
our social network to be as exciting and appealing as possible, in order to sustain
longitudinal participation.

In this chapter, we discuss one of our many strategies for sustaining participation:
our sketch-based badge system. A badge system provides users with the ability to
earn rewards for completing small tasks within a site or system (in our case, those
tasks are creative sketches and/or short writing prompts). Badge systems provide
many benefits: badges communicate community values and expected behaviors to
new users [2], scaffolded goal setting is highly motivating (rewards just outside a
user’s reach) [11], badges allow and encourage users to obtain community reputa-
tion (enhanced by the belief that other users will look on one more favorably for
participating) [3], and finally badges promote the feeling of similarity between a
user and the other community members because of the shared experience [2]. How-
ever, extrinsic motivation in the form of digital rewards can be seen as manipulative
[4], so children should never feel obligated to participate in badge earning activities.
Autonomy on digital systems for children can increase intrinsic motivation [16], thus
providing a balance in the source of motivation to participate.

The remainder of this paperwill introduce our social network,KidGab; explain the
implementation of our badge system; discuss preliminary results from our deploy-
ments; provide examples of how one might generalize our system for other domains;
and finally, we summarize our contribution to the community of pen and touch tech-
nology in education.

12.2 KidGab

We developed KidGab to bring together existing networks of children such as scout-
ing troops, classrooms, and sport teams. By remaining closed to the general public,
children can stay safe from ill-intentioned Internet users. An example profile page
on KidGab can be seen in Fig. 12.1a.
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(a) (b)

Fig. 12.1 Screenshots from KidGab’s interface. a A profile page in KidGab. b KidGab’s sketch
interface

Authority figures within these networks such as parents, teachers, coaches, and
group leaders are encouraged to join the site. Parent accounts are linked to child
accounts, allowing parents to monitor their children’s online activities. If a parent
has not logged in to KidGab for seven days, their child’s account becomes blocked
until the parent logs in again. Parents cannot befriend other children and the child is
not allowed to de-friend their parent.

Distinct from traditional social networks, KidGab is sketch-based. KidGab allows
children to send sketches to one another either in lieu of or in addition to textual
communications. A screenshot of our sketching interface can be seen in Fig. 12.1b.
Sketches are not stored as static images; they are stored as videos for action-by-action
playback of the sketch construction. For example, the recipient can view each stroke
being added, undo/redo actions, the background color changing, etc. This sketching
facilitates simple animations, multi-scene sketches, etc., which is a richer temporal
experience than static sketches alone. The sketch videos can be a useful curricular
tool, as they can capture step-by-step procedures quite well (e.g. how to solve math
problems, growth cycles, multi-scene creative writing).

In place of a profile picture, KidGab uses custom cartoon avatars. Through the
avatars, children can change their appearance as they please, providing freedom of
expression and customization. The user can choose their avatar’s skin color, hair
color and style, their eye color and shape, their clothing (sporty or dressy), optional
facial features (freckles and mustaches), and other accessories (hat, glasses, or a
bow).

After styling their avatars, users can take one of our fun personality quizzes.
KidGab has a variety of quizzes in diverse areas of interest (sports, fashion, ani-
mals, anime, books, etc.). These quizzes have appealed greatly to the users in our
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deployments. The children in the age group currently using KidGab (7–12 years) are
constantly molding and shaping their identities. Personality quizzes are very popular
amongst this age of children and it is up to the child to decide how they are to interpret
the results. We post a new quiz once every two to three days. On quiz result pages,
the user has the ability to share their results with their friends.

12.3 Our Domain

For the deployment of KidGab, we are working closely with the Girl Scouts of
Central Texas. The Girl Scouts organization consists of close-knit communities of
girls, which is an ideal base on which KidGab can grow. Presently, we introduce
cohorts of 10–20 girls to KidGab through our Digital Friendship Workshops.1

One advantage of working with Girl Scouts for our preliminary deployments as
opposed to a classroom environment is that participation in the site is optional. By
introducing KidGab to a classroom, school, or school system (which we are open to,
but have not yet attempted), using the site would be mandatory. Our results with the
Girl Scouts, therefore, closer represent what works tomotivate children to participate
in digital and educational activities ‘in the wild’.

12.4 Our Badge System: The Digital Sash

Many digital applications (most notably video games) contain a rewards system,
whereby completing specific tasks, the user earns a small reward. Having a reward
system encourages users to continue to engage with the application in order to earn
more awards or achievements. Girl Scouts and other scouting organizations have a
similar, but physical system, where members have a vest or a sash and can earn fabric
patches by completing specific fun activities. Patch activities are usually intended to
teach a valuable skill such as moneymanagement, woodworking, expressive writing,
etc. In order to simulate a similar environment for our Girl Scout users, we have
created KidGab’s Digital Sash, where the girls can earn digital badges by completing
creative drawing tasks and sharing opinions.

12.4.1 User: Earning Badge

Earning badges in KidGab is quite easy. Consider this scenario: A girl logs in to
KidGab and (after checking out her friends’ recent posts) navigates to the page that
displays her Digital Sash (Fig. 12.2a). She scans her sash and sees a new grayscale

1The curriculum of our Digital Friendship Workshops is not the main focus of this manuscript, but
more information can be found at http://www.digitalfriendship.org.

http://www.digitalfriendship.org
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(a) (b) (c)

(d) (e) (f)

Fig. 12.2 A step-by-step illustration of the steps to earning a badge. This particular example earns
the Professional Role Model Badge. Other badges require similar steps but regard different themes.
a The Digital Sash. b Viewing a badge. c Starting a sketch. d Finishing the sketch. e Adding some
text. f Posting and earning

badge she hadn’t seen before. The girl knows that badges she’s already earned appear
in color and the grayscale badges are yet to be completed, so she knows this is badge
is something new she can earn. She clicks on the badge (Fig. 12.2b) and reads the
description: “Lately, many professional sports players have been getting into trouble
with the law. These players are becoming really poor role models for kids. Who
is a good role model in your life? Sketch them and explain why they’re so great!
Use #rolemodel”. The girl decides she wants to earn this patch. She navigates to her
activity feed and begins a new sketch (Fig. 12.2c). She sketches an image of herself
and her mother, with their arms around each other’s shoulders, showing the love
and bond between them (Fig. 12.2d). After finishing her sketch, she types “I think
that mothers are great role models #rolemodel” making sure to include #rolemodel,
because that is part of the requirement for earning the badge (Fig. 12.2e). The girl
posts her sketch and instantly sees a comment below her post, saying she earned
the Professional Role Model Patch (Fig. 12.2f). She clicks the link in the comment,
which navigates the girl back to her Digital Sash. The Professional RoleModel patch
is now in color!

12.4.2 Administrator: Badge Creation

Creating badges on KidGab is equally easy. An admin can create a new badge in the
Badges Manager section of KidGab’s administrator menu. In defining a new badge,
the admin must provide the new badge’s name, the hashtag required to earn it, and a
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(a) (b)

Fig. 12.3 KidGab can automatically generate the artwork for Badges based on an administrator’s
choice of icon and colors. Generated badges are small and appear in the lower portion of b. a
Choose an icon. b Generate previews

description of the earning requirements, so users can understand what they must do
to earn the badge. The final step in creating a badge is to select the artwork that will
serve as the face of the badge. The admin can choosewhether to upload a badge image
she manually created or whether to use KidGab’s custom-built badge-creator tool.
The badge creator tool allows the administrator to choose between a variety of vector
icons to become the decorative and descriptive centerpiece of the badge (Fig. 12.3a).
After choosing an icon, the administrator can choose the border color, background
color, and the icon color of the badge. With a click of a button, KidGab generates
SVG images using the icon and colors selected (Fig. 12.3b), thus providing great
time savings compared with designing, creating, saving, and uploading the images
manually. The admin can tweak the design of the badge until satisfied, and can “Save
Badge” when the artwork and descriptions are complete.

12.4.3 Administrator: Badge Curricula

For each cohort of children joining KidGab (all children who have joined KidGab
have done so through one of our Digital Friendship Workshops), we design a cus-
tom curriculum of badges to suit their unique interests, upcoming holidays, etc. On
average, we release about one badge per cohort per day. In the days immediately
following the workshop, we release more than one badge per day, and we progres-
sively slow the release rate to about one every other day. Badge curricula usually
span about 6 weeks. Badge releases are automatically announced by KidGab in the
form of status updates by the “KidGab Admin”. A released badge will also appear
in grayscale on a girl’s sash, indicating that it is ready to be earned.

Randomness and variety within the badge curriculum is important. We found that
focusing on one theme (e.g. March Madness or Weather Patterns, etc.) generally
reduced interest in the earning of badges. Now, we try to alternate between serious,
silly, fashion-related, sporty, and creative badges in order to reach girls with a wide
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range of interests. Varying the requirements for earning badges is also important, so
in our curricula we attempt to strike a balance between text-based and sketch-based
badges.

12.5 Deployment Results

At the time of preparing this manuscript, 157 Girl Scouts have joined KidGab. The
Girl Scouts have created a total of 895 posts and 373 of those posts included sketches.
The girls have earned a total of 508 badges (some of which are awarded for simple
account setup tasks like changing passwords and creating avatars).

The most popular post-to-earn badges are American Girl (with 77 earners) (we
include the earning of this badge in our workshops), Texas Girl (with 18 earners),
Dream Diary (with 14 earners), A Sister to Every Girl Scout (with 11 earners), and
SuperPowerful with (10 earners). All but the Sister to Every Girl Scout badge require
sketches, but often girls chose to add sketches anyway. We provide descriptions and
a selection of girl responses for all five of these badges in Fig. 12.4.

One badge that was not among the most popular, but surprised us in terms of the
thoughtfulness of the responses is the Water Is Important badge. This badge is one
of our “serious” badges and encourages the girls to think with a global perspective.
Instructions for earning this badge are: “Did you know that there are people around
the world that don’t have access to fresh water everyday? Write how you feel about
that, use #waterisimportant.” One girl wrote:

I hate how some places don’t have access to water. I learned in my geography
class this year that most 3rd-world countries aren’t able to have water because
the “government” there won’t let go to the poorer cities: It’s like they play
favorites and they give the water to the better cities rather than the poorer ones.
I hate it. #waterisimportant

Another girl wrote:

I think everybody should appreciate the water they have cause some people
don’t have any water so we should all preserve water so we can have water
hopefully someday everbody in the world will have water #waterisimportant

Seven girls have earned the Water Is Important badge, which is significant, since
it is usually released in weeks three or four of the badge curricula (earlier-released
badges usually receive many more responses). We think this reveals that children are
capable and willing to communicate serious and even political opinions on KidGab,
providing them with valuable experience in practicing digital citizenship skills.
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Badge Name & Description Example Girl Response Example Girl Response

American Girl
Earn the American Girl Patch by posting a

sketch of an object that you think is uniquely

American. Use hashtag #americangirl!

#americangirl #americangirl

Texas Girl
Earn the Texas Girl Patch by posting a sketch

that reflects how you feel about living in

Texas. Use the hashtag #texasgirl!

#texasgirl #Texasgirl How I feel

about Texas:

Dream Diary
Earn the Dream Diary Patch by sharing a

dream you have had with your friends on

KidGab! Sketch out what happened and be

sure to tell the story in words too! Use

hashtag #dreamer! I had this dream of me

and my family when I was

like in the third grade

#dreamer

By far the best dream I

had was CANDY LAND!

It was so cool. Everything

was made up of your

favorite type of candy you

name it had it. #dreamer

A Sister to EveryGirl Scout
KidGab was built in order to provide Girl

Scouts a place to talk, joke, laugh, and make

friendships stronger online. How do you think

you can use KidGab to be a sister to every

Girl Scout? Use #sister to share your idea

and earn the Sister to Every Girl Scout patch!

#sister Kid gab helps me

be a sister to everybody

because it gives me the

chance to meet new people

and have a great time with

them online! Its great to

know that I have my fellow

sisters that are there for

me!

#sister

SuperPowerful
As girls, we get to be whatever we want to be!

If you could have any superhero power, what

kind of superpower would you want? Explain

in words and sketch it out to earn your

SuperPowerful Patch! Be sure to use

#superpower!!
I can fly and shoot lasers

out of my eyes

#superpower

my superpower would be

invzabilite #superpower

Fig. 12.4 Descriptions and example responses (drawn by KidGab Girl Scouts) for the five most
popular badges. The A Sister to Every Girl Scout Patch does not require a sketch, but some girls
choose to add a sketch anyway
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12.6 Generalizability

Our Digital Sash has faced criticism for being too specific to the Girl Scouts domain
and too difficult to generalize to other populations. We see great potential for our
results to generalize to a wide range of domains, and we illustrate a few alternative
badge system metaphors below.

Our first metaphor is the marble jar. A marble jar metaphor (a mock-up example
of which can be seen in Fig. 12.5a) would be ideal for a school or classroom environ-
ment. This is a digital representation of a physical reward system used in elementary
classrooms. When a class behaves exceptionally well or accomplishes preset goals,
the teacher adds marbles to a clear glass jar. If the class behaves poorly, the teacher
removes marbles from the jar. When the jar fills, the class earns a treat, like a special
holiday party or extra recess. This metaphor can easily extend to a digital badge
system. As a user completes the digital activities and the marble jar fills, he can see
his progress toward earning some other great reward (as determined by the teacher,
coach, etc.). Advantages of the Marble Jar are the perceptually quantifiable progress

(a) (b)

(d)(c)

Fig. 12.5 Alternative artwork for generalizing our Digital Sash. a Marble Jar. b Trophy Shelf.
c Charm Bracelet. d Bottle Caps
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level and the ease of comprehending which activities have been completed (those
inside the jar) and which have not (those outside the jar).

Another approach might take the form of a trophy shelf (a mock-up example of
which can be seen in Fig. 12.5b). In the same way that participants are rewarded
trophies for excelling in sports competitions, children could be awarded trophies
for completing activities and being active on the site. As in competitions, trophies
would be given a rank according to the difficulty to obtain them. These ranks could be
bronze, silver and gold. Once obtained, the trophieswould be placed on the respective
shelf within the user’s trophy wall, as seen in Fig. 12.5b. This Trophy Shelf approach
to a badge system is gender-neutral; both boys and girls are likely to enjoy collecting
trophies and the satisfaction of owning a significant amount of them.

A slightly more gender-specific badge metaphor is the concept of charm bracelets
(a mock-up example of which can be seen in Fig. 12.5c). Many young girls enjoy
collecting charms that identify items or activities they love. Each completed activity
would provide a new charm for her digital bracelet. While this approach is specific
to an audience of girls, it would be a fun and age-appropriate rewards system for
girls within our target age-group (7–12 years).

Collecting bottle caps is a hobby that has been practiced for many years. More
than a hobby, it has become an art. Inspired by bottle cap walls, we propose a system
(an example of which can be seen in Fig. 12.5d) that will award KidGab users bottle
caps for their participation in the website and allow them to have personal bottle cap
walls. Once obtained, the bottle caps may be arranged within the wall to their liking,
thus allowing users to be creative with their spaces. This itself allows for another
appealing activity; being able to share bottle cap walls and observing other users’
creations. Such customizations have been shown to improve intrinsic motivation and
participation rates for children’s software applications [12, 16].

12.7 Conclusion

The focus of this paper is a description of our sketch-based social network’s badge
system, the Digital Sash. We use the badge activities to sustain active participation
and to impart learning and creativity in our users’ digital lives. The badge-earning
activities present users the opportunity to practice posting introspective, creative,
and appropriate messages, so they retain habits of healthy digital expression and
netiquette skills. Presently, KidGab is in use by an extracurricular community (Girl
Scouts), but could easily be used as a powerful tool within a classroom community.
KidGab and it’s sketch-based badges could be a fun place to complete bellwork
(quiet activities to be completed in the minutes just before and after the morning
bell), exam review (the sketch playback functions can support temporally-solved
math problems or even flashcard-like actions), and infinitely more curricular uses.
Our contribution to the community of pen and touch technology in education is a
process for encouraging sketch-based learning and technological participation by a
child’s own choice within the context of a fun and social environment.
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Chapter 13
A Cyberensemble of Inversion, Immersion,
Shared Knowledge Areas, Query, and Digital
Media-Making in STEM Classrooms

Eric Hamilton, George Foe-Aman, Lynette Foe-Aman,
and Israel Ramirez-Gamez

Abstract This paper reports on the theoretical underpinnings, design, and initial
findings of a research project funded by the US National Science Foundation’s
Cyberlearning Program. At the epicenter of the project is the use of digital ink both
in collaborative “what you see is what I see” workspaces to reshape the nature of
flipped classrooms, and in creating interactive digital media, especially videos, used
as lessons for the flipped arrangements. In addition to pen-based computing, flipped
classrooms, collaborative workspaces, and digital media making, the project deploys
help-giving software agents. The purpose of creating the ensemble is to understand
the interaction between enabling technologies that can contribute to highly immersive
and high-performance learning settings. The classroomecosystem this ensemble pro-
duces appears to foster significant development across multiple accepted categories
of social and emotional growth in service of academic learning. For that reason, the
focus on learner engagement has expanded to include these growth areas.

13.1 Introduction

This research focuses on ways to draw students into deep, sustained interaction with
andmanipulation of mathematical ideas. It does so in classroom contexts designed to
permit the student to shift seamlessly between social interactions and deep personal
concentration. It is premised on the belief that immersive engagement with chal-
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lenging mathematics is the most promising pathway to satisfying, joyful and suc-
cessful mathematical growth and development of complex reasoning skills. It is also
premised on the conviction that in the absence of tools and approaches that have been
unavailable in so-called “traditional” lecture based classrooms, classroom environ-
ments characterized by such engrossing and social-rich experiences with mathemat-
ics are virtually impossible or difficult to sustain. This research, with activities taking
place in California, Nevada, and multiple Sub-Saharan sites, seeks to build under-
standing of how to operationalize personally absorbing mathematical experiences on
a routine basis.

13.2 Why Pen-Based Computing: To See
and to Make Visible

Two enablements that pen-based computing provides are critical to the research
appearing below. The research draws on an eclectic theory of “personalized learning
communities” [22] that prioritizes what we refer to as interactional bandwidth of a
learning environment—its capacity to permit the communication and exchange of
rich, visible subject matter content between individuals, teacher and students alike,
in a classroom setting. In previous work, we have characterized the interactional
bandwidth of traditional classrooms as very low and stilted [22]. Perhaps the most
salient aspect of a bandwidth profile is the degree to which it promotes “sightlines”
whereby students and teachers can both (a) see one another’s mathematical concep-
tualizations and, (b) by implication, the degree to which each person in the learning
community can make their own ideas visible.

Pen-based computingmakes it possible to represent conceptual structures through
natural, non-keyboard mediated written mathematical symbol systems, and to make
those structures visible. It does so in this research by providing a teacher the means
to view in thumbnail and full-size versions the mathematical writing of any and all
students.

13.3 Classroom Flipping in This Research

The project relies on the process of “classroom flipping,” an increasingly prominent
strategy that opens up time and space in the classroom for the interactions that this
research studies. Following the brief recap of flipping below, the paper introduces
the notion of a “cyberensemble” of tools and approaches designed to play off of one
another with the intent of augmenting the capacity of each tool to optimize learner
experience. Part of the purpose of the research is to test these intended design and
optimization relationships.

Perhaps themost familiar teaching pattern of formal K16 classroom environments
involves a sequence whereby a teacher presents material in class and that material
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becomes the basis for assignments that students subsequently complete outside of
class. The variations within this broad pattern are almost limitless, but the pattern
itself is robust and durable. One of the most interesting and potentially promising
developments in education over the past decade involves reversing this pattern. Often
referred to as classroom flipping, this educational approach has a growing number of
adherents. The original proposal for funding to the US National Science Foundation
(NSF) that led to this research noted that the agency had not yet appeared to investi-
gate flipping or to capitalize on its momentum [19], though since then NSF has sup-
ported research in this area. US high school science teachers Jonathan Bergmann and
Aaron Sams are credited as the first to popularize this approach [43]. Salman Khan,
developer of thewell-knownvideo site https://www.khanacademy.org/, has also been
associatedwith the ascendancy of classroomflipping [51]. Flipping involves students
viewing, from home or elsewhere outside of school, the teacher’s presentation or lec-
ture prior to class, and then using class time to work with the teacher on activities
that reflect that material. The teacher’s presentation takes place outside of class; the
“homework” takes place in class, where the teacher is available to help the student.
Although the term “inversion” to represent lectures outside of class and interaction
within class was apparently first coined in 2000 in connection with college teaching
[34], the K12 classroom flipping phenomenon has garnered a rapidly growing com-
munity of practitioners. The primary logic for flipping is that, while challenging and
time-consuming to carry out, it can make class time available for more sustained
interaction between students and teacher, greater engagement of the student
with subject matter, and increased learning. Classroom flipping is held by many
as a powerful concept for widely held aspirations to open class time and shift the
dynamics of classroom activities and assignments, placing emphasis on both engage-
ment and the interaction between teacher and students to promote learning. It has
attracted a wide followership, primarily based on such perceived increases in student
engagement and motivation [51]. This research makes no claims about classroom
flipping, but employs the device of flipping because it vacates from classroom peri-
ods the time necessary to give full lecture introductions, and structures more time
for the teacher and students to interact directly, doing so around student engage-
ment in homework-like activities. The research seeks to optimize and examine this
interaction time.

The research treats as an exemplar of the concept of blending multiple potentially
synergistic technologies one particular ensemble of six approaches and tools (see
Fig. 13.1). The ensemble is anchored in pen-based computing, combined with “what
you see is what I see” collaborative software permitting teachers and students to see
and interactwith each other’s digital ink-basedwork (Fig. 13.2). It also includes video
creation, editing and mixing tools, with screen capture software. Coming later in the
study, the cyberensemble will include natural language dialog software to promote
question-asking and digital resource access through desktop or mobile interfaces.
The final element of the ensemble involves low-cost mobile video playback devices
to assure equitable opportunity to participate in the flipped classroom strategy.

https://www.khanacademy.org/
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The vision animating this cyberlearning “ensemble” or innovation
• Routine, multidimensional immersion in learning challenging content, that

is, “flow in learning”.
Six cyberlearning technologies and approaches that each contribute uniquely
to one adaptable ensemble
1 . Use of pen-based computing to enable learners and teachers to make ideas

more visible and to be able to see mathematical ideas more clearly
2. “Collaborative workspaces” that enable teachers and students to view each

other’s work in real time, both individually and in a group setting;
3. Video production for creativity, teaching and learning;
4. Agent-based dialog and query systems;
5. Classroom inversion or flipping; and
6. Low-cost mobile devices for media playback
Prominent research questions:
• How does this cyberensemble foster deeply absorbing and effective experi-

ence in learning?
• How can schools successfully plan, realize and improve this type of educa-

tional ecosystem?
• What insights does the ensemble furnish about important dynamics associ-

ated with learning, such as learner engagement, immersion, flow, question-
asking, self-explanation, creativity, help-giving and seeking, iterative for-
mation of STEM ideas, and self-regulation.

• What design principles should guide other ensemble designs?
Three core areas of research underpinning (how kids think about math affects
how they think mathematically)
• Learner engagement, immersion, flow and creativity;
• Natural language dialog practices of question asking and self-explanation in

subject matter contexts;
• The “DNR” principle of duality, necessity, and repeated reasoning, emerg-

ing from math education research.
Diverse upper school partners
• Located in Nevada and California, each with over 80% Latino populations.

Multiple sites for limited exposure in Ghana and Namibia. The study in-
volves mathematics courses identified by each school’s design team.

Useful media that captures important aspects of the research
• http://bit.ly/media-making-ghana-2014 shows teachers and students work-

ing together to create instructional media, with an example of a short Ge-
oGebra video by two Ghanaian students and interview with them.

• http://bit.ly/cyberlearning-sharktank-teachersandstudentscreate-2015 is a
short video that depicts a combination of screen sharing and media-making,
followed by three short interviews in Los Angeles and Ghana.

Fig. 13.1 Summary of cyberensemble research elements

Fig. 13.2 The teacher view
of student work on project
papers. Students use digital
ink in working through
classroom activity sets
(USA)
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As a design study [35, 48], the project investigates, through multiple iterations
and adjustments, whether ways of designing a set of six features into a classroom
ecosystem can routinely result in transformed school experience, beginning with
mathematics. Each of the six strategies and technologies is well-defined, stable, and
important in its own right; collectively they appear to fit together like the tumblers
of a lock falling into place. Each, in our preliminary work, appears to expand the
affordances for learning of the others, and each relies on the affordances of the
others. Situating them in juxtaposition with each other, we hope, will yield truly
compelling advances in pathways to deep and sustained learning. Our expectation is
that cyberlearning tools (such as this ensemble) may not only lead to more routine
attainment of goals widely held for education, but also alter and enrich what wemean
by learning.

Research Questions. This R&D project has multiple points of origin, but the
most salient may be that it studies, through the lens of deep engagement, the rela-
tionship between the cyberensemble and learning in educational settings. How does
the cyberensemble foster deeply absorbing and effective experience in learning?How
can schools successfully plan, realize and improve this type of educational ecosys-
tem? Fig. 13.1 lists these as the two primary research questions of the study. They
can be understood as asking whether and how the ensemble will function in a design
study with a research team, and then whether and how teacher and school teams can
carry out their own versions of the ensemble beyond the boundaries of this project.

13.4 Project Background

The design and implementation considerations for the envisioned ensemble are siz-
able. Practical aspects of in situ research in the high stakes assessment environments
of urban high schools are daunting in their own right, but are only one part of the plan-
ning process that an exploratory effort of this nature must address. The requirements
of high stakes testing in the US mirror national curriculum and testing requirements
in the Sub-Saharan countries where the research also takes place.

13.5 Theoretical Foundations

Three prominent, cross-cutting theoretical themes discussed below have guided this
initial design: learner engagement, question-asking and self-explaining, and the
mathematical cognition theory of dualism, necessity, and repetition.

Learner engagement. Four of the ensemble elements have produced distinct
findings relative to learner engagement; each in some fashion relies on feedback
systems and platform design to maintain a balance between an activity’s challenge
level and a student’s ability.That is, as cyberenabled tools and strategies, each has
proven productive in helping classroom ecosystems maintain the equilibrium
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between difficulty and ability in school learning. The separate discussions about
the components highlight these findings. The emphasis on challenge at the outer edge
of but not exceeding ability aligns closely with the familiar Vygotskian theory of
proximal development zones [54]. It also aligns closely with flow theory on activity
sets “between boredom and anxiety,” [10] to use the title of an early and foundational
volume by theorist Mihali Csikzenthmihali. With the exception of cognitive tutoring
tools that seek to manage lesson episodes relatively comprehensively without the aid
of a teacher, cybertools cannot maintain the delicate equilibrium between difficulty
and ability in learning environment design. They can, however, make thinking suf-
ficiently visible and feedback loops sufficiently rapid and well-calibrated to allow
teachers and students to function within this zone. They can provide the essential
sightlines or means for teachers and students to express mathematical or scientific
ideas effectively inways that allow them to “see” each other’s thinking through cyber-
enablements. For the teacher, cybertools expand the pedagogical skills sets teachers
need to size up student thinking and adjust the equilibrium between task difficulty
and student ability [38, 44].

The relationship between engagement and learning has proven difficult to specify
theoretically [44, 45]. A number of researchers investigating the effects of edu-
cational interventions will connect learner engagement with outcomes that show
evidence of increased learning [39]. The data sets appearing in Table2 will assist
the research team in drawing well-grounded connections between engagement and
learning. Our interest in engagement extends to a construct referenced above, namely
flow states. Since the mid-1970s, the term “flow,” adopted by Csikszentmihalyi [10],
has been used to characterize and analyze optimal performance in human experience.
While flow remains a multiply-defined termwith at least sixteen separate operational
definitions [41], the majority of these definitions are generally variants of Csikszent-
mihalyi’s [10] original flow description:

In the flow state action follows upon action according to an internal logic that
seems to need no conscious intervention by the actor. He experiences it as a unified
flowing from one moment to the next, in which he is in control of his actions, and in
which there is little distinction between self and environment, between stimulus and
response, or between past, present, and future (p. 36).

The flow state [11–13] is characterized by intense engagement in the activity at
hand accompanied by enjoyment and a sense of control over the activity. In popular
terminology, especially in sports, flow states are referred to as “being in the zone”
of high performance. Persons in the flow state are responsive to intrinsic motivators
and participate in the activity for its own sake. The individual glides almost without
consciously thinking fromone step to the next, experiences a state of complete immer-
sion, and loses track of time [11]. We consider these conditions to be desirable—and
attainable—attributes of STEM learning environments. That is, the design of formal
or informal environments that routinely result in intense focus, engagement, enjoy-
ment, a sense of control, and intrinsic motivation, is a worthy and humane aspiration
for cyberlearning research. We conjecture that the more fully learners are engaged in
an activity, up to and including what can be considered a flow state, the more likely
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they are to internalize the structure of what they are learning and to become inventive
about how that content’s structure connects with other knowledge.

The link between flow and imagination is part of the premise behind Csikszentmi-
halyi’s 1996 summative volume, Creativity: Flow and the Psychology of Discovery
and Invention [11]. It is an understatement to assert that learners do not typically
experience living and learning “in the zone” in traditional school and homework
experiences [16, 50]. This project continues a thread of research that seeks to under-
stand and implement conditions conducive to routinely high levels of learner engage-
ment. Our past research has documented antecedent features that can be designed
into learning environments to improve the likelihood of high engagement and flow
states [18]. This project is motivated by a quest to find conditions for inducing flow
states.

Question-asking and Self-explaining. A second area of guiding research coin-
cidentally originates in work on cognitive tutoring. It involves the leveraging role of
spoken and written language that has emerged from that research. In particular, self-
explanation and question-asking behavior each has proven to obligate a broad series
of cognitive and affectivemechanisms that clarify and stabilize conceptual structures,
and/or expose them to externalized scrutiny. Spoken language to explain or clarify
conceptual structures that are typically expressed in notation (such as mathematics
or science) is a proven and generally underutilized resource in classroom settings.
Landmarkwork byChi and others [8, 9] documenting the value of self-explanation in
tutorial environments prepared the groundwork for a broader body of work focusing
on the benefits for cognitive and metacognitive growth of self-explanation practice
[1, 33, 55]. The cyberensemble emphasizes or requires self-explanation practice
recurrently through video creation by students, peer assistance in class sessions, and
dialog exchanges over the collaborative workspaces. A related competence involves
question-asking behavior. Early research in cognitive tutors, including by Graesser
[14] and Chi [46], has also proven foundational in this area, documenting problem-
solving growth through the practice of posing questions about problem scenarios.
The ensemble creates an expectation that students will routinely pose structurally
nuanced questions, especially through the increased availability of the teacher, the
collaborative workspaces that invite anonymous question-asking; and the spoken
language query system that brings a digital resource based on short dialogs with an
avatar.

DNR. A third critical foundation for this project originates in mathematics edu-
cation research. Principles formalized by Harel, Lesh and others [29, 36] are eco-
nomically summarized with the acronymDNR. DNR theory involves dualism, or the
distinctlymetacognitive notion that what students understand aboutmathematics and
how they think about mathematics are interdependent; necessity, or the notion that
effective mathematical growth requires an authentically motivating context or sense
of need; and repeated reasoning, or the notion that mathematical growth requires
repeated examination and manipulation of structural relationships between ideas
in different contexts. This project does not focus extensively on the metacognitive
interplay between how a learner thinks about mathematics and how a learner thinks
mathematically. That critical interdependency behind mathematical growth, how-
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ever, will occur in the classrooms we will study. The two other principles are a more
immediate consideration. The process of creating videos is challenge- or task- ori-
ented and thus intrinsically need-based. Building this and other social dynamics into
the freed-up class time in which students work with peers and teacher on mathemat-
ics assignments adds an intrinsically socio-motivational element to mathematical
problem-solving that does not exist when students do mathematics homework in iso-
lation [3]. The repeated reasoning principle comes into play as students become adept
at creating media to help peers learn. The practice of building a coherent short video,
and the editing and remixing a production entails, requires a playing, replaying, and
analysis of a representation in order to make the ideas coherent to the viewer. The
videos, as developed for this ensemble, also stress or emphasize examining ideas
from repeated vantages.

These three broad areas of research (engagement, question-asking and self-
explanation, and the DNR principle) take a significant role guiding this ensemble’s
design. The project is also guided by work in various other fields, most prominently
self-regulation [42, 49], efforts to integrate creativity and the arts into mathemat-
ics and science education [40], and efforts to define research-based principles for
learning environment design [47, 53].

13.6 Elena’s Experience: A Cyberensemble Scenario

Itmay be useful to outline the kind of experience that a hypothetical student (“Elena”)
might find in this ensemble ecosystem, beginning with her arrival home at the end
of the school day. For the purpose of illustration we will assume that Elena has
neither reliable access to the Internet from home nor a smart phone that permits
high-resolution video playback. Thus, she is using one of the school’s mp4 players,
a $40 device with a 6-inch screen and a solid state memory populated with the math
courses’ full bank of videos.

Elena’s teacher (“Ms. Jones”) has asked the class to view two four-minute videos.
One is notational and assumes that the student has experience with factorial nota-
tion. It reintroduces the notation and illustrates simple but important manipulations
involving rational expressions with factorials, which happen to be especially well-
suited for representation by video. The video includes a small number of “Pause and
you try” breakpoints where Elena can pause the playback and try a simple problem
before resuming the playback to check for understanding. The second video defines
and contrasts permutations and combinations, again with uncomplicated examples
that Elena can attempt.

The distinction between combinations and permutations is one of themost difficult
for high school students to recognize.Ms. Jones developed this video in collaboration
with students who had mastered the distinction. Following a lesson study format,
other teachers and students at the school helped to refine it further, and teachers
and students from other schools gave it positive feedback when it was posted on the
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Internet.Ms. Jones feels that this particular explanation and set of exampleswill serve
her students more effectively than a possibly unpredictable class presentation might.

Elena spends 20min viewing the videos on the mp4 player and trying the short
exercises they include. She finds that she prefers viewing interactive videos at home
over struggling alone with frustrating homework assignments. She is accustomed to
videos that outline conceptswith helpful visualizations and simplewarm-up exercises
to prepare her for doing problems in class, where she will have help. Both how she
views math in general and how she thinks mathematically have changed.

The next day proves challenging. Along with the other students, she checks in as
having completed the video assignment and begins the in-classwork. The assignment
includes simple combination and permutation problems, along with more complex
problems that require interpretation and may involve both. Some questions ask her to
consider the possibility of a subset of replaceable objects in a set of other objects not
replaceable, a topic not yet covered in any introductory videos that she has viewed
and that she has to think about. In this class, students have the option of working
in pairs or alone, using a tablet device with a stylus. Ms. Jones can see everyone’s
work as they go about the problems and underlying computations. Everything about
this experience hinges on the students being able to write their computations and
express their ideas with digital ink. The scenario simply cannot happen without this
representational mediation. Elena goes about a number of overlapping problems,
finding herself “in a groove,” at least through the first few. She is pinged by her friend
across the roomwho jots down a question to her about division with factorials. Elena
drew a diagram over their collaborative workspace explaining how the confusing
symbols seemed to cancel out. Her friend thanked her and Elena returned to her own
problems and questions that were arising.

One of her first questions is simple. She’s forgotten the value of zero factorial (0!)
though she knows she saw it. She notices that Ms. Jones is scanning the bird’s eye
view display at her station and simply jots down a quick question. Her teacher sees
the question and answers it right away. Elena’s next problem seems to involve both
elements and she does not know what to use. By now Ms. Jones is engaged with
another group of students. Elena retrieves Marni, the animated avatar, on her tablet
device, and asks, “what is the difference between a permutation and a combination?”
She already knows that this general question will not get at the heart of her confusion.
Marni responds by explaining that the difference relates to the order in which items
are arranged and asks her to express her question differently if this is not what she is
trying to understand. Elena realizes she is actually wondering whether a permutation
can have a combination in it, or vice versa. So she asks, “Is it possible to find
combinations that involve permutations?”

Marni responds by re-stating the problem in a clearer form and listing the descrip-
tions of four videos that contrast the countingmethods, including two that specifically
promise to show a worked example of problems that combine the counting methods.
Elena accesses the first one and finds that, although it does not fully duplicate the
problem she is working, it gives a helpful example of counting combinations. Elena
realizes that in her previous math courses, she likely would have given up far sooner
in the process or would have become distracted or anxious, angry that her teacher
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didn’t explain things well in class or that the homework assignment was unrealistic.
She snaps out of this reverie when she notices the tablet display in front of her shows
comments that Ms. Jones has written to her from thirty feet away, congratulating her
on completing the current problem, circling a minor error on a previous problem, and
asking her if she has any questions. It’s her turn to work with the teacher on some
interesting mathematics.

13.7 Ensemble Design

The scenario above ismeant to furnish a holistic view of one student’s idealized expe-
rience of the ensemble this cyberensemble seeks to test. This section separates out
and explains the ensemble components as they function in isolation and together. As
noted earlier, classroom flipping, often referred to as some variation of “homework
in class, lessons at home,” can free class time for more interaction between teachers
and students [5, 51]. The two individuals mentioned earlier as credited with formal-
izing and popularizing the approach, Aaron Sams and Jon Bergmann, argue that the
most important question teachers seeking to experiment with flipping should pose is
how they will spend class time [5]. The starting points are assignments traditionally
considered homework. Teachers report that they can walk around the classroom and
help students on a more individualized basis and promote greater activity around
learning [2, 6].

The “collaborative workspace” component of this ensemble is designed to
improve the interactivity between students and teachers in this class time. The prior
section discusses the role of “sightlines” in helping teachers maintain rapid feedback
loops. With the aid of the collaboration software such as that in Fig. 13.2, the teacher
can focus on a student’s workspace, make annotations, and suggest changes, etc.,
either directly on the workspace or orally. Students can pose questions privately and
out of view of classmates, in line with research demonstrating significant positive
benefits from forms of anonymity in collaborative classroom environments [4]. Their
work takes place in full view of the teacher, who has immediate visual access—a
sightline—into the students’ work. Students at high school and college levels repeat-
edly and by wide margin express appreciation and a sense of enjoyment in using the
collaborative screen or shared knowledge area approach to science and mathematics
class time [7, 21, 27].

Figure13.2 depicts the interface of SmartSync software from Smart Technolo-
gies; a similar tool is available from DyKnow, Inc., and specialized software for this
type of affordance has been developed under IES support [20]. Early versions of this
type of pen-based software were developed by this project’s PI prior to the advent of
tablet computers, with early pen-input devices [15, 26]. The commercial software
is stable, but it is not widely used with pen-based computers. The combination of
pen-based computing with the “what you see is what I see” affordances of a collab-
orative workspace impacts student engagement levels. Using experience sampling
methodologies (ESM), studies at the US Air Force Academy documented statisti-
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cally significant engagement increases in classroom learning activities when students
used a combination of a collaboration screen system and pen-based computers [7,
31], in comparison with parallel sections not employing the approach. Interviews
and observations confirmed what experienced teachers might predict: students were
more likely to stay on task when their space was observable by a teacher; students
who might be reluctant to pose questions publicly were more likely to do so pri-
vately; teachers appreciated the ability to see the work of any student on-demand
and respond to questions; and, perhaps most importantly, the collaboration screen
approach afforded rapid feedback between teacher and student and the continual
calibration and recalibration of tasks and support. The pen or digital ink interface
makes the collaborative workspace valuable any time that students are engaged in
activities that use the freehand writing or sketching predominant in mathematics and
science classrooms. Flipping gives extended class time for the highly engaging and
interactive affordances of the collaborative workspaces. Coupled with the digital pen
and ink interface, these collaborative workspaces prove a powerful tool to teachers in
planning and carrying out their in-class activities. Furnishing a teacher with accu-
rate sightlines into student cognition and affording the teacher an opportunity
to interact, on demand, with any student digitally through a shared space may
prove to be among the most effective facilitators possible for direct student–
teacher-subject–matter interaction.

Recent developments in video production and editing for classroom instruction
have made notable inroads to STEM education. User-generated content and pre-
sentation (e.g., YouTube) are ascendant in the social media revolution of the past
ten years, and are undeniably impacting education. Three developments are impor-
tant for this project. In terms of educational practice, repositories such as https://
www.youtube.com/ and https://www.khanacademy.org/ [51] have furnished a large
body of organized content both to teachers and students, and are frequently asso-
ciated with classroom flipping [37]. These repositories are an important resource,
but it is the second and third developments that are of greater interest. First, the use
of videos in teacher professional development research, in both the US and our
African partners in Kenya, Ghana, and Namibia, has gained traction in promoting
highly detailed and nuanced understandings of mathematical content and cogni-
tion. In some contexts, this is referred to as “noticing”—observing on an almost
frame-by-frame basis mathematical misconceptions or understandings. In the work
leading to this research through the NSF’s National Science Digital Library Pro-
gram (NSDL), we have adopted the expression “microgenetic analysis” to refer to
the fine-grained analyses teachers engage in through video production [17, 23]. The
NSDL-supported work focuses on changes that take place as teachers become cre-
ative agents and, rather than simply conveying curriculum, they generate content. In
addition, they gain opportunities to reflect on the link between their evolving exper-
tise in media production and issues of content and cognition. The most prevalent
experience over 200 teachers have reported in NSF-funded “teacherscreate” profes-
sional development is a deep and satisfying sense of engagement and losing track of
time in preparing instructional videos [28]. One wrote, “Oh my gosh! This is like the
treasure box that I have been looking for! Not even that, it’s better than what I’ve

https://www.youtube.com/
https://www.youtube.com/
https://www.khanacademy.org/
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imagined it would be.” Student–teacher collaboration teams have struck at some of
the most elusive goals teachers have to understand their students and for students to
understand them. Student teacher collaboration in producing instructional media for
classroom use was featured at the 2012 National Cyberlearning Research Summit in
Washington [52] and in different venues associated with mathematics and science
education in developing countries [24, 25]. When asked what she felt when she dis-
covered she would be working with her teacher in designing videos for classmates,
one Kenyan high school girl featured at the Summit simply said “I felt like someone
was finally recognizingmy intelligence.”Another student, fromLosAngeles and also
featured at the Summit spoke of his experience, saying that “my relationship with
my teacher has changed…(making videos together) brings us closer now to talking
about a subject that I enjoy and she enjoys and we could work together because we
could both give each other advice…because I can give her advice and tell her like
all the students won’t like this, and she could also tell me the same thing. And we can
both…work hands-on from there. And, it’s really great, just working with a teacher,
to know that wow, like I am working with my teacher to improve this class and this
subject.” The student began his academic year as a student with a low-proficient
rating. As he became a collaborating media author, his standardized mathematics
scores rose to the highest in his class. He reflected, “…as I did more videos, more I
guess ways of doing math got stuck in my head, so my scores went up to advanced
proficient, like to the highest in the class.”

This, of course, is anecdotal; data that this project will collect will furnish a
broader picture of success that students attain in their high-stakes testing environ-
ments. It is not unrealistic however, to expect that a practice of student participation
in media authorship will result in significant gains for those students. This project
thus builds on prior NSF-funded efforts and embeds teacher and student–teacher
collaboration team media authoring in the cyber ensemble. This represents a depar-
ture from the common practice in classroom flipping of using externally produced
videos such as those from https://www.khanacademy.org/, or others media for out-
of-school lessons. Learning science research communities have not yet sorted out all
of the complex and evolving issues associated with locally versus centralized media
generation. The cyberensemble in this project places a high priority on a learning
ecosystem that draws a significant fraction of its distributed content from those in
the school community. The notion of the “local context” has proven to be a power-
ful one for many reasons. It leverages a broad sweep of tacit local knowledge and
teacher creativity, professionalism and imagination [23]. This project instead rep-
resents a sharp operational and philosophical departure from the approach of using
centrally-producedmedia. Our team applauds, for example, the availability of videos
from sources like https://www.khanacademy.org/, but our interest is less in having
students follow videos created by outside individuals than it is in having teachers and
student peers acquire and exercise the technical fluencies and evolving technological
pedagogical content knowledge (TPCK) [30, 32] that permit them to create their
own videos effectively.

https://www.khanacademy.org/
https://www.khanacademy.org/
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13.8 Teacher–Student Planning Around Media-Making

One of the most interesting phenomena in informal learning and society more gener-
ally is the so-called maker movement. The maker movement takes many forms, and
is not important in itself for our purposes as much as the dynamics underlying the
movement, including the energy and enthusiasm behind imaginative do-it-yourself
projects that take advantage of emerging technologies such as 3D printers. This
ensemble project capitalizes on those same dynamics, but within the context of for-
mal school settings.

We have sought to understand more deeply the specific components of engage-
ment in the more planfully orchestrated process of teacher student collaboration for
instructional planning and co-designof newvideos.What happenswhen a teacher and
a small team of students meet to map out lessons and plan video curation and video
creation to fit a classroom inversion or flipping model? We observe—and teachers
and students both report—losing track of time, a sense of well-being, and full absorp-
tion in their media-making. Because of results so far, our aim is to test the possibility
that well-designed educational ecosystems can alter myriad classroom dynamics
along social, behavioral, and academic dimensions. The Collaborative for Social
and Emotional Learning Core Competencies (http://www.casel.org/) identifies five
competency categories of self-awareness, social awareness, self- management, rela-
tionship skills, and responsible decision-making as crucial ingredients to social and
emotional learning. It turns out that components of the overall cyberensemble pro-
mote or nourish growth in each of these categories. Whether the full ensemble can
drive an effective educational ecosystem and can be scaled is the research question
under investigation, but component by component, the results are promising. For the
purposes of this paper, some types of typical survey responses may prove useful.
Three are noted here. The first is that the process of students co-planning lessons
with teachers has the effect of altering student perceptions of their teachers, and
elevating their social awareness.

• As a student, what surprised me the most from this experience was that I got to
see the point of view from my teacher on how they teach us, the students.

• One surprising thing was seeing how much work is put into lesson planning.
• I learned the value of team work and what it’s like to be on the teacher’s shoes.

This, in turn, has enabled the students to functiondifferentlywith their teachers,
altering their relationship skills.

• I feel like I am a part of something bigger and I am able to help the teachers out.
Instead of just learning from the teachers, it is cool that the teachers can learn
from us as well.

• The most surprising thing is that us students and teachers are learning from each
other; it’s not just the teacher taking control.

• Although everyone does things differently, students can easily understand and
compare to one another, but with teachers it is more difficult. Teachers also have
their own way of learning things. Their way doesn’t seem so easy to us students,

http://www.casel.org/


204 E. Hamilton et al.

but these videos can help them see the way we think and be able to improve their
ways of teaching

Unsurprisingly, and also in the category of building social awareness, students
must look through the eyes of their peers when creating videos for them.

• I have learned that you need to be really specific and detailed with what you are
trying to teach to other students, which are eventually going to learn this, because
if you don’t explain well they won’t understand and be confused as I was at some
point in time.

• Thinking through what must be taught and what students must learn.

Finally, students have identified collaboration with teachers as a source of confi-
dence building and accomplishment through effort:

• The most unusual thing that has happened with planning and preparing is that it
brings out the most in us.

• From this experience, I understand things like midsegments better than before I
did when I was just learning in class. But really, in general, I’ve more confidence
about me doing this by myself than with others.

• I have gained a better work ethic. This experience has given me the confidence to
take on calculus.

• I have learned that the teachers also benefit from the students help from time to
time.I feel more confident in my math skills. I also feel more comfortable working
with teachers.

We expect that further results will allow more defined conclusions in the areas
above, and will allow analysis of student perceptions of mathematics and science
and of self-efficacy in mathematics and science.

13.9 Why Standards-Based Content as a Focus
of a Transformation Research in Education?

Teacher action research plans necessarily will involve and map to specific state and
common core standards in the curriculum they teach. This raises an important issue
associated with this research. Nearly every video in the repository that teachers
and student-tutors are steadily building and accumulating at creationsforlearning.net
and other repositories of their choice is explicitly keyed to a California state or
Common Core State Standards in Mathematics (CCSSM) [32] standard. It is up to
the media-makers how to use these materials (or whether to place them at that site
or other repositories). While acknowledging the argument that over-adherence to
standards and the high-stakes accountability often associated with standards might
limit teacher flexibility and autonomy, we also acknowledge two other facts. The first
is that curriculum accountability standards are a reality that teachers and students
face daily, and the widespread adoption of CCSSM assures that a standards-based
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approach to curriculum will continue to be a defining paradigm well into the future.
There is likely no path to scaled cyberlearning transformation in the current
educational infrastructure that does not go through state standards, or through
the emergingCommonCore standards.A second is that there remains infinite room
for creatively matching any mathematical ideas and structure to learner cognition in
this paradigm [17].
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Chapter 14
A System Dynamics Approach to Process
Evaluation of Pen-Based Digital
Media-Making Projects

Moses Okumu, Hiroo Kato, and Nishesh Chalise

Abstract This chapter explains a systematic way of conducting process evaluation
of pen-based digital media-making projects using system dynamics modeling. The
study aimed to understand student and teacher experiences and changes in behavior
while engaged in the digital media-making process. Data was collected at a pen-
based digital media-making summer program held at Pepperdine University’s Los
Angeles and Ventura County campuses. After transcribing and coding raw data using
grounded theory, the authors generated causal loop maps. The study indicated that the
production of videos depends on both the students’ and teachers’ engagement in the
digital media-making process. Active engagement of teachers and students improved
the quality of the learning environment. The use of system dynamics allowed us to
see the flaws and unique aspects within the digital making process.

14.1 Introduction

The term “process evaluation” in this paper means understanding and monitoring
how change occurs when students and teachers engage in pen-based digital media-
making. The main goal in this context is to understand the implementation of pen-
based programs towards students’ educational outcomes. In this scenario, process
evaluation will allow us to capture the experiences of the students as they interact
with the new innovation. Also, we will understand why the innovation positively or
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Teacher's perception
of student needs

Teacher time allocation

Student's perceived
need for help

Student's
performance

Fig. 14.1 Causal chain perspective [11, 20]

negatively influences students’ educational outcomes. As a result, findings from the
study may facilitate program improvements.

Traditionally, process evaluation has been conducted by analyzing texts or mea-
suring the effect size of the intervention [21]. Most program evaluators use logic
models, which examine a causal chain relation [18]. In most cases, there is a depen-
dent variable which evaluators are most interested in studying. Although this method
might be effective, the variables interactions are usually linear rather than dynamic
[6]. The use of causal chain models does not allow evaluators to capture participants’
experiences or change in their behavior over time [6].

For example, Fig. 14.1 represents a causal chain perspective that shows three
factors (teacher’s perception of student needs, teacher time allocation, and student’s
perceived need for help) that impact a student’s performance. It can be argued that
these three factors give rise to interventions that change a student’s performance;
however, it does not take into account how a change in a student’s performance in turn
impacts the three factors. If a student’s performance improves, a teacher may decide
to lessen time allocated helping this student. If a student’s performance improves, the
student’s perceived need for help may diminish, thereby improving self-confidence,
and may further improve performance. The point is that these factors, or variables, can
be construed as having dynamic relationships, where a causal chain is not sufficient
in explaining how changes occur over time. Mostly, there is no way to capture the
transformation processes that turn interventions into outcomes. What is needed is
an evaluation that considers the details of what occurs in the process—the rationale
that proposes that an intervention will produce the desired results. Moreover, efforts
to change a system must consider how components of a system work together to
locate the root cause of the problem. Allowing for an in-depth learning and explicit
analysis of the program through analysis of the components of the system. This
analysis should lead to the improvement of the theoretical model of a project.

14.1.1 Why Use System Dynamics for Process Evaluation?

System dynamics is a method that uses both qualitative and quantitative models to
understand how a particular phenomenon changes over time. It attempts to understand
the system behavior by looking at how the parts of the system are interconnected
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Fig. 14.2 Causal loop diagram ([26], pg. 364)

through feedback processes. In other words, the primary goal in system dynamics is
to understand how the underlying feedback processes result in the system behavior.

A feedback perspective, in this context, entails that student engagement not only
leads to development of digital materials, but also to working to create the digital
materials in turn affects student engagement. One of the goals of this paper is to show
that capturing such feedback processes is essential in understanding how develop-
ment of digital instructional materials can lead to improved learning. Here, there are
no dependent variables, and every variable plays a role.

Feedback processes are represented in the form of a Causal Loop Diagram (CLD),
which consists of variables connected by arrows as they form feedback loops. There
are two types of feedback loops: reinforcing and balancing. Reinforcing feedback
loops pushes the variables in the same direction. If a variable in the reinforcing
feedback loop is increasing, it will keep increasing or vice versa. Balancing loops
push variables in the opposite direction. If a variable in the balancing feedback loop
is increasing, it will decrease in the next iteration.

Figure 14.2, shows a simple example of reinforcing and balancing loop. The plus
+/− sign on the arrows indicate the direction of relationship between the two vari-
ables. Plus sign means that the variables move in the same direction and the negative
sign indicates that the variables have inverse relationship. In the figure, the rein-
forcing loop (R) suggests that as learning increases, self-belief of capacity increases
further increasing the effort. The balancing loop (B) suggests that as energy level
increases, effort decreases.

14.2 Background

To ensure that all students are provided with an opportunity to understand chal-
lenging Science, Technology, Engineering and Math (STEM) content, digital library
repositories need to be furnished with instructional media that involved students in
the entire production process. Recent studies indicate that students learn better when
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actively engaged in processes that promote cognition and knowledge retention [9,
19, 22]. For example, when students are introduced to digital media-making, they
quickly learn the process and embrace new roles as producers of educational mate-
rials for their peers [9, 16]. These educational materials can include short videos of
worked examples of day-to-day curriculum, which other students can use to advance
individual learning [9].

Furthermore, providing students with opportunities to create knowledge allows
them to critically think about all problems from both a consumer and producer’s per-
spective [1, 5, 16]. For example, in a study conducted by O’Neil et al. [17], students
were involved in playing a mathematical game that had self-explanation prompts at
every level of the game. The questions, instructions, and feedback provided were
aligned to student’s advancement within the game. After every game, students were
required to self-reflect on what motivated their decision-making process throughout
the game. The study found that learner outcomes were related to the self-reflective
process [17]. Research suggests that effective self-reflection transforms students into
active learners [2, 9, 17].

These methods depart from didactic teaching, as teachers partner with students
to create user-friendly learning media materials [4, 6, 9]. In previous years, most
students have defined the study of STEM as boring and none “sexy” [13]. With stu-
dents being mentored as tutors, exciting and engaging materials are being produced
that capture and sustain the attention of student-users [9]. The produced media is in
the form of tutorial observation aides [7] and brief worked out videos that stimulate
self-learning [9].

While using a combination of multimedia tools, students take on the roles of peer
tutors. Tutoring refers to the process when a more knowledgeable student offers to
facilitate the learning process of another student [23]. This relationship results in
concept mastery, problem solving skills and knowledge building [1]. More recently,
one on one peer interactions have been substituted with short videos produced by
fellow peers, allowing for self-directed learning [3, 9]. While in peer-to-tutor situa-
tions with one-on-one meetings between the tutors and tutees the learner asks their
peers all questions with less regard for self-direction and monitoring [22, 24].

This paper set out to understand how students’ and teachers’ experiences change
when they are involved in digital making projects.

14.3 Case Study

This process evaluation is situated within the larger research context of teacher cre-
ativity and digital repository development led by Dr. Eric Hamilton at Pepperdine
University. This field of research is working toward establishing a better science
for understanding learner engagement. This evaluation draws from research that in-
volved teachers and students developing media repositories for K12 mathematics
education called student mathematics learning through self-explanation, peer tutor-
ing and digital media production. Broadly speaking, the goal of this research was to
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understand how student-tutors and teachers change and exercise creativity through
participating in digital media production.

The developmental action research was conducted at Pepperdine University’s Los
Angeles and Ventura County campuses. In this project, student-tutors and teachers
were involved in iterative processes of creating, adapting, testing and sharing content.
The project engaged two twelve-student cohorts. Students who were in tenth to
twelfth grade and enrolled in Algebra II were invited to participate in Mathematics
Media Makers clubs. Over the course of three years, seventy students were involved
in the research activities.

During a ten-day media-making institute, the teachers and students were intro-
duced to the use of Pen and Touch technology in the creation of digital materials.
The teachers were exposed to existing repositories, trained in the project’s founda-
tional video creation software (Camtasia) and the technical requirements for media
creation. The students worked in student teams and also alongside teachers to cre-
ate localized media that met the local California State Standards.1 While making
videos, student-tutors and teachers would determine what variables while explaining
mathematical problems using Wacom tablets.

The project had students engage in a stepwise process of understanding how
mathematical problems are solved by use of worked out examples from real-time
needs of classrooms. As they made the videos, students and teachers were required to
self-reflect as they collectively edited their videos and later subjected to interviews.
In order to ensure “mathematical integrity, pedagogical usability, and presentation
quality” of made videos, they were subjected to a review by teachers, mathematics
experts and peers through Japanese Lesson Study [9].

14.3.1 Phases of Video Making

The creation of digital instructional materials occurred in multiple phases. The teams
of students and teachers first developed lessons storyboard based on windows journals
where they shared their personal experiences. These storyboards were converted into
short videos. These videos were edited and voice was added. Finally, the students and
teachers applied lesson study to these videos creating videos of worked out examples.

This process is depicted as a stock-flow diagram in Fig. 14.5 above. Stock is a
type of variable that accumulates over time and flow is rate variable that increases
or drains the stock. For example, the variable videos created are a stock (represented
with a rectangular box) and the variable creating videos is a flow (represented with
double line arrows and a valve). In other words, the stock flow diagram represents the
production process of digital materials. Every stage of the process required student
and teacher engagement. Similarly, every stage contributed to student learning. The
final stock, worked out example videos in repository represents all the instructional
digital material that have been developed are ready for use in future lessons.

1http://creationsforlearning.net.

http://creationsforlearning.net
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14.4 Method Employed

14.4.1 Data Collection

Although initially provided with a set form of interview questions, as the program
progressed, team members deliberately employed a strategy of unstructured inter-
views and personal reflections, which tailored interviews to students’ and teachers’
individual interests. Through these strategies, the study interviewers were able to
address emerging themes over the course of the study. The study recorded and tran-
scribed more than 150 individual interviews, videos and self-reflections over three
years.

14.4.2 Data Analysis

The study draws on grounded theory developed in sociology to facilitate theory devel-
opment [8]. Analysis of data drew from successful system dynamics modelers who
used grounded theory to conceptualize the models [14, 15]. Using fully completed
interviews and personal reflections from students and teachers, ten transcripts were
analyzed. Raw data was imported into HyperRESEARCH2 software in preparation
for coding [10]. During the coding process, grounded theory’s three types of coding
were used to separate and organize concepts from the raw data [25]. First, initial
coding was used to identify ideas and meanings from raw data before attaching a
label [25]. Responses were broken into words, short sentences, and phrases in order
to identify similarities and differences from the raw data. Second, axial coding was
conducted to identify and categorize relationships among the codes. Third, selective
coding led to generating of a theory. As a result of the coding process, concepts were
identified and the raw data organized with corresponding labels.

In order to start building a system dynamics model, the first step was to identify
the problem, set system boundary and key variables [14]. To identify the problem,
the coded raw data was revisited and analyzed for a common thread of the problem,
taking into account the context of the study. To limit the boundary of the research, we
considered the experiences of students and teachers during digital media-making
process (Table 14.1).

The digital media-making process helped in the development of causal flow maps.
Variables used for the modeling process were derived from the coded data. A causal
relationship was identified among system variables. Additionally, information about
an observed or expected behavior of a variable, or the direction or strength of a causal
relationship was also determined [14].

After identifying variables, they were connected to word and arrow diagrams,
creating a composite diagram and after merged into a single causal flow map. This

2http://researchware.com.

http://researchware.com
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Table 14.1 Identifying variables and their causal relationships [14]
I love using any form of digital media that will enhance a lesson and keep the students motivated. I
would like to learn more about creating video that will motivate the students. Using digital media
is interesting and motivating to the students. After creating my second video, I am noticing how
much more careful I am when planning the sequence of events I want to show. I am much more
cognizant that other people will be watching this and therefore much more careful.

Cause
Variable

Development of
Instructional
short videos

Development of
Instructional
short videos

Development of
Instructional
short videos

Development of
Instructional
short videos

Effect
Variable

Identifying
learning needs

Visualization of
lessons

Proficiency in
making videos

Time taken
to develop
instructional
short videos

Relationship
type

Positive Positive Positive Positive

led to the development of causal diagrams that are consistent with system dynamics
modeling. With a connected CLD, implicit structures were identified. For example,
“a causal relationship A-C may be decomposed and coded as A-B-C if the context
implies the existence of the intermediate variable” ([14], pg. 322). Depending on the
direction of the relationship, the variables were either assigned a positive or negative
sign.

14.5 Results and Evaluation

The processes that connect student learning and development of digital instructional
material is represented as a CLD in Fig. 14.3. The production process shown in
Fig. 14.5 has been aggregated as development of instructional short videos for sim-
plification. There are five reinforcing loops and one balancing loop in the model
(Fig. 14.3). The first three reinforcing loops (R1, R2, R3) shows the feedback
processes where engagement of students and teachers leads to production of digital
instructional short videos. The instructional videos create a quality learning environ-
ment which helps student learning and retention. As students realize that they are
learning more and enjoying the process they are more engaged in the process with
their teachers. The development of short videos improves quality learning environ-
ments in three different ways (Fig. 14.4).

First, the model helps identify student’s learning needs (R1). Through the process
both teachers and students get a better grasp of what students already know where
the gaps are. Therefore, the learning and teaching is more focused (Table 14.2).

Second, working on the videos, teachers discover that they can be more innovative
and creative with their teaching materials (R2). The teachers and students add arti-
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Fig. 14.3 Students and teachers creating media

Fig. 14.4 Example of created video

Fig. 14.5 Stock flow diagram showing the production process of digital instruction short videos

facts that make lessons more fun and engaging for students. This process is usually
completed during editing and lesson study sessions. The teachers and students add
call outs, quizzes and music to stimulate the learning environment (Figs. 14.6, 14.7
and 14.8).
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Table 14.2 Generalization of the structure representation [12]

Mechanism Label Teacher/student responses

Identify learning needs R1 “Producing media for instruction does alter my
sense of personal creativity slightly by forcing
me to focus on not just what would be effective if
I was the student but on what I think the students
will enjoy”

Discovering creative,
innovative ways of teaching
and learning

R2 “When making videos, it is not about how
creative you can get but what you can do with the
creativity you have”

Ease of explanation of concepts
for teachers

R3 “You can show image examples as well as videos
to further explain the concept because every
student learns in a different way and the more the
merrier”

Time taken while developing
videos

B1 “It does not take me fourteen minutes to go over
one example in class. That is how long it took me
to do my first unedited video”

Proficiency in video making R4 “I find that I have become more comfortable”

Quality of instructional short
videos

R5 “Teachers can make modifications to their video
content throughout the year as they see a need
develop among their students”

Digital media tools open up a whole new world
of teaching and learning opportunities. From my
perspective as an educator/leader, technical profi-
ciency with digital media tools allows me to get
one step closer to creating a personalized learn-
ing environment for each student. DM allows the
teacher to transition from sage on the stage to facil-
itator of learning. DM allows the teacher to create
a learning environment that is learning focused vs.
teacher focused

Digital media Learning

Digital media learning environment

Fig. 14.6 Discovering themes from the data [14]

Third, the visual nature of the short videos makes it easier for teachers to explain
the concepts (R3). Developing instructional short videos improves quality of envi-
ronment but it requires extra time commitment from both teachers and students. As
the development of such material increases more time has to be devoted to developing
these materials. However, as students and teachers start developing more materials
they become more proficient at it. Gaining proficiency can take some time, which is
denoted by a hash mark on the arrow connecting development of instructional videos
and proficiency in making videos. Being proficient reduces the time taken to develop
these short videos allowing more time for students and teachers to focus on learning
and the substantive parts of the process (R4).
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Developing of short
instructional videos

Discovering creativity,
innovative ways of teaching

and learning

Quality of learning
environment

+

+

Developing of short
instructional videos

Identifying learning needs Quality of learning
environment

+

+

Fig. 14.7 Transforming text into word and arrow diagrams [14]

Fig. 14.8 Shows how development of instructional instructions helps identify student’s learning
needs

Fig. 14.9 Shows how making media leads to innovation in material development

Finally, as proficiency increases the quality of videos also increase which makes
it easier for teachers to explain the concepts and improves the quality of learning
environment (R5). When more time is invested, it reduces student and teacher en-
gagement in the process, which limits the development of the instructional materials
(B1) (Figs. 14.9, 14.10 and 14.11).
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Fig. 14.10 Visualization helps explanation and how proficiency reduced time in media-making

Fig. 14.11 Causal loop diagram showing the process related to engagement of students and teachers,
development of instructional short videos, and quality of learning environment

14.6 Conclusion

The goal of this paper was to introduce a novel method that can provide a new
perspective in our understanding of how developing pen-based digital instructional
material relates to student learning. By use of pen-based technology, students and
teachers are provided with opportunities to be creative. The visualization of the
lessons provides students with an opportunity to connect with the concepts being
taught.

The visual nature of causal loop diagrams makes the processes more explicit.
Consequently, it becomes easier to find flaws, critique, and see how the processes
would be different in different contexts. For example, within the school context,
less time commitment might hinder the quality of videos produced. However, as
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the teachers and students find time outside school, and become proficient in digital
media-making, the higher the quality of the videos produced. Program improvements
in this case move toward developing initiatives that will allow teachers and students
to spend quality time outside school making videos.

One of the limitations of this paper is that the data used was not geared toward
developing a causal loop diagram. Further studies should explore how system dy-
namics can inform innovation implementation and improvements within education.
Conducting a study using group model-building with participants of a pen-based
computing project would help in the understanding of the program.
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Chapter 15
A Model and Research Agenda for Teacher
and Student Collaboration Using Pen-Based
Tablets in Digital Media Making
in Sub-Saharan Africa

Eric Hamilton, Loide Kapenda, Zachary Mbasu, Helena Miranda,
Elizabeth Ngololo, Joseph Carilus Ogwel, Sandra Sarmonpal,
and David Stern

Abstract This paper reports exploratory work that investigates inter-generational
collaboration between students and teachers in a digitized version of themakermove-
ment. The work is supported by the US National Science Foundation, the US State
Department’s Fulbright Research Program, and partnering education ministries and
NGOs. The core feature of digital media-making entails the use of pen-based
tablet computers to create videos for teaching science and mathematics concepts in
alignment with state and national curriculum. Results were visible along
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several dimensions: (1) Learners exhibited a high affective valence and enthusi-
asm for media-making with their teachers; (2) Important relational shifts occurred
and were reported by both teachers and students; and (3) Students and teachers alike
engaged in cognitive re-imagining and re-imaging of one another’s roles and of
subject matter.

15.1 Introduction

This paper report summarizes efforts to test and implement pen and touch based
computing in a variety of Sub-Saharan school contexts. It introduces the four-year
history of this work as a quasi-design and quasi-action research project and describes
a number of breakthroughs that lead to cultural and procedural advances at each step
of the process. Finally, we propose a viable path for future research.

The opportunity for this work originated in a series of workshops focusing on
innovative practices in engineering education supported by Microsoft, but grew to
encompass research in the use of pen-based tablet devices paralleling research that
the US National Science Foundation began to support in 2010 [2–4]. This work
explores ways to draw students into deep, sustained interaction with mathematical
and scientific ideas using the natural handwriting and symbol systems that those
fields typically require both from professionals and from school-aged learners.

Before discussing the research itself, some contextmay be useful.Mostwesterners
have little to no knowledge of the difficulties placed on educational practitioners in
low-income countries. These include class sizes that routinely exceed fifty and some-
times exceeding one hundred students with inadequate time to meaningfully engage
learners; outdated curriculum with abstract content; physically rigid, uncomfortable
and hot classrooms; curriculummaterials almost always produced in languages other
than the primary languages of the students using those materials; and teacher prepa-
ration that falls significantly below standards enjoyed elsewhere in more developed
countries. Students rarely benefit significantly from technology use, or else use tech-
nologies delivered in the form of “helicopter drops” by government agencies, NGOs,
and other sources of computer labs, labs whose value devolves to using computers for
teaching word processing and spreadsheets, and are not subject to routine upgrades
and maintenance. Internet access is extremely limited. The only pedagogy that has
been routinely and reliably implemented in such settings involves traditional lecture
formats that tend to alienate students everywhere, especially when not supplemented
by other approaches. There is no shortage of efforts, both large and small, to promote
more effective schools. The reach of these initiatives, though, usually extends into
only a small fraction of schools or else fall short along multiple dimensions. One of
the most effective overall efforts involves UNESCO’s Strengthening Mathematics
and Science Education (SMASE) initiative [13], but this one is inherently limited by
lack of focus or attention on the use of technology in schools.

While westerners experience the teaching profession to be intensely demanding,
these additional challenges faced by teachers in low-income countries make it espe-
cially difficult for teaching and learning to occur. Of particular concern is the absence
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of curricular materials that reflect students’ primary languages. In US classrooms,
the language used in classrooms reflects the primary language of the majority of
students and students who are English language learners often receive specialized
support. Sub-Saharan students and their teachers are mandated to use either English
or French. Consequently, the language of instruction is usually the second language
for both students and teachers. This becomes a compounding challenge where stu-
dents are the inevitable losers because instruction is mediated through languages that
are somewhat unfamiliar to both students and their teachers. As noted below, it is
increasingly clear that learning ecosystems that constrain or prohibit students’ use of
their primary language inevitably leave important and complex cognition behind [7].
Digital media-making by teachers and students in this context has the potential to
both fill curriculum needs and present new models for teaching and learning that are
effective for large class sizes.

15.2 Research Description

During two workshops in the summer of 2010 and early 2011, we introduced pen-
basedmathematics video-making to bothmathematics teachers and students inKenya
and Uganda. These workshops were co-funded by the National Science Foundation,
Pepperdine University, the Kenyan Ministry of Education, and the Study Gateway
NGO based in Kampala, Uganda. Additional workshops in Kenya, Uganda, Ghana,
and Namibia have been conducted since that time [8]. We collected semi-structured
and non-structured interview data and survey responses under the auspices of Pep-
perdine’s IRB approval and informed consent from teachers and students involved
in the research.

Some of the most compelling data from these workshops are contained in video
recordings of research interviews. Table15.1 summarizes seven clips from interviews
that depict actual pen-based media-making and then reflections by teachers and stu-
dents on the nature of their experiences. Some overarching themes in the responses of
both teachers and students address the role of pen-based media making in nurturing
personal creativity, building precision into mathematical and scientific expression,
fostering deep and immersive engagement, promoting collaboration between stu-
dents and teachers, and introducing new possibilities for more effective instructional
approaches.

The video clips furnish evidence that teachers and students are ready to seek
and implement effective alternatives to ‘chalk and talk’ and other conventional
approaches to teaching and learning that are characteristic of instructional prac-
tices in Sub-Saharan Africa. These alternative approaches rely on the affordances
of technology to promote collaboration and elicit subject matter immersion. While
there is a seemingly universally shared aspiration to implement technology in ways
that improve classroom instruction, the associated costs and infrastructure require-
ments present obstacles that are especially daunting in low income nations such as
those in Sub-Saharan Africa.
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Table 15.1 Seven media clips depicting multiple aspects of pen-based media-making in Sub-
Saharan countries

Powerful dynamics of teachers and students collaborating to create instructional videos.
Students and teachers working together strengthened relationships; infusing in them a sense of
mutual respect and trust. Students feel validated in their own learning and teachers overcome
fears associated with adopting new technologies. http://youtu.be/qK9FQFCMaOM

Building relevance and enjoyment into learning by video making. Students report that using
videos to learn is a welcome relief from the traditional lecture-based classroom with engaging,
relevant content. http://youtu.be/841UIXaueqk

Authentic and routine experience of flow. Both teachers and students found themselves
completely immersed in video creation and collaboration, routinely experience psychological
flow states. http://youtu.be/WEVEAZ7LEEA

Creativity and imagination become crucial. The process of creating video, which combines
verbal, visual, and written literacy skills provides a context for teachers and students to
creatively think through topics. http://youtu.be/NrJZmMimH7s

New Possibilities for Lesson Planning and Differentiation. Teachers felt that videos gave them
an opportunity to differentiate instruction. http://youtu.be/MGuFwlubViA

An experiment in collaboration with the African Institute for Mathematics Sciences
(AIMS-Ghana). Four schools near Accra hold teacher-student workshops that depict active
collaboration between students and teachers. http://bit.ly/media-making-ghana-2014

Early 2015 teacher reflections. These teachers in the far north regions of Namibia describe the
nature of their experience in constructing scientific and mathematical explanations use
pen-based devices. http://bit.ly/namibia-m4-2015

15.3 Historical Considerations

The post-WWII era introduced large swaths of mass prosperity for the first time
in history. However, those not yet experiencing such prosperity constitute a much
larger fraction of the world’s population than those who do benefit. The aspirational
efforts by outsiders to help elevate living standards and knowledge formation, for
any motivation, are counterproductive if not grounded in dispositions that acknowl-
edge the insiders as first among partners. Hiroshima University scholar Nobuhide
Sawamura’s article entitled “Local Spirit, Global Knowledge: A Japanese approach
to knowledge development in international cooperation” [12] perfectly captures in
its first four words what should be the zeitgeist of collaboration.

Deft solutions must find ways to channel energy and ambition for change into
approaches that work around human and fiscal resource limitations. Those solutions
must be structurally astute, and scalable. Westerners working in this space, such
as for the purposes of research, commerce, or aid will find no shortage of good
will and forward thinking among their colleagues, and no small amount of heroism
among the teachers and educational communities that face the difficulties mentioned
above. Solutions must be strategically clever enough to map to the particulars of
these multiple challenges. However, most importantly, solutions must be owned and

http://youtu.be/qK9FQFCMaOM
http://youtu.be/841UIXaueqk
http://youtu.be/WEVEAZ7LEEA
http://youtu.be/NrJZmMimH7s
http://youtu.be/MGuFwlubViA
http://bit.ly/media-making-ghana-2014
http://bit.ly/namibia-m4-2015
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managed by those facing the challenges everyday while engaging the substantive
participation of those furnishing technical and financial assistance.

It is in this context and with such principles that we believe collaborative instruc-
tional media-making may occupy an exceptionally promising role in helping to meet
ideals for universal and effective, highly engaging education.

15.4 Path Forward: Implementation at Scale and Parallel
Research

Among the advantages of such approaches to locally developed and owned materials
is that teachers and students can produce contextually relevant curricular materials
at lower cost and greater effectiveness than conventionally produced materials. To
even greater benefit, it turns out that the very process of creating those materials
engenders new, respectful, and socially powerful interaction between students and
teachers. Media-making also presents a powerful model for professional develop-
ment because it benignly coerces teachers to review, rehearse, edit, mix and remix
content, through the lens of how students structure their own knowledge conceptu-
alizations. Media-making in the context of this research immerses teachers in both
content and pedagogy, while upgrading their technological fluency. There are mul-
tiple long-term synergies at play: lower cost, more availability of relevant content,
perceptive professional development activities, and more engaging and successful
social dynamics in schools.

These potentials within the policy and practice realm require resource considera-
tions similar to those for pursuing the research agenda appearing in the next section.
There is no question that engaging teachers and students in collaborative instruc-
tional media-making is immersive, highly engaging, and pro-social in its effect on
teacher and student relationships. That finding is of limited value with-out ways of
embedding the approach into policy structures, other school and government agency
initiatives, local school and teacher preferences, and resource constraints.

In our efforts involving multiple stakeholder types, we have concluded that the
most systemically promising approaches rest in concurrent and coordinated efforts
between education ministries, mathematics and science specialists, teacher prepa-
ration programs, and most importantly, teachers and students whose energy and
imagination fuel the process. That there are other crucial stakeholders that must be
engaged is a given, but at the core, these communities must own the locus of control
and direction. We are exploring the possibility of media-making to spark a large and
potentially disruptive positive change in Sub-Saharan classrooms by first creating
sufficient capacity for teachers and students to produce imaginative and engaging
artifacts for learning, whether videos, electronic books, games, apps, and other digi-
tal objects. The potential for self-regulated learning, for culturally authentic content,
for linguistically accessible content, for cognitively and affectively powerful tools of
learning by teaching, and for reshaping the economics for provisioning schools, is
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Fig. 15.1 Teachers and
students engaged in
collaborative media making
in mathematics using
pen-based computing in
Ghana

difficult to overstate. This vision is one that ultimately seeks to infuse classroomswith
the joy and human satisfaction that accompanies knowledge discovery, formation,
and sharing.

The process is stepwise, but it is one whose first principles include the notion that
creating shared representations of knowledge—the end goal of our media making
efforts—is a sine qua non dimension to recovering present and future learning oppor-
tunities by wresting control from those who are not in or of the culture and context
of the learner. This does not mean to exclude outside engagement, involvement, and
partnership. Rather, it acknowledges that the great national liberation movements of
the postwar era inAfrica have too often been thwarted by the interference of individu-
als and groups who take on the same oppressive andmalignant aspects of governance
that had initially motivated those movements. The long process from changing colo-
nial structures to preserving a culture to building a unique and successful national
identity will ultimately fall short without high performance educational approaches
that are primarily led and served by community members and are connected to the
global knowledge society. Those solutions are not possible without new and effec-
tive ways to more fully activate the creative imaginations and potentiality within the
minds of the next generation (Fig. 15.1).

How does such an assertion fit within the proceedings of a research volume on
digital ink? Digital ink enables the technological representation of mathematical
and scientific cognition. It does so uniquely and in readily observable ways that
foster different conceptions of classroom learning and content ownership and, thus,
challenges traditional conceptions of how education can unfold in any country, but
with particular significance for developing countries. While the path is stepwise, the
vision for using digital ink andmedia-making technology tomake positive disruptive
changes in education has a long and consequential horizon.

15.5 Parallel Research Agenda

Such coordination of multiple communities in fostering, testing, and scaling change
requires an interdependent parallel research agenda that would rely heavily on impor-
tant recent learning science research. The dynamics of self-explanation [1, 10] and
peer tutoring [5, 11] for youngsters are powerful for building deep understandings
of disciplinary content, English usage, and expression. Media that combines science
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ideas with language acquisition and skills has been repeatedly and unsurprisingly—
proven to provide synergistic benefit both to development of scientific reasoning
and to successful language development. The project also capitalizes on aspects of
empowerment and agency, but which considered buzzwords in US educational cir-
cles are nevertheless profoundly meaningful here. When learners and teachers see
themselves as media-makers or producers, not just text-book users or consumers,
their dispositions change in highly charged and positive ways. At the same time,
they bring to bear true localized culture and language dimensions that simply are
not possible to import with any of the official English-language textbooks now in
use. Important research in the US, most recently by Jones et al. [7], documents
the importance of preserving first language discourse in childhood and adolescent
development; her work demonstrates decline in complex reasoning indicators when
bilingual youngsters are disallowed use of any first language options. The videos
by teachers will, when appropriate, entail both English and local languages. And, it
turns out, this will benefit teachers as much as learners. While English is the official
language in Namibia (the nation where most of this research currently takes place),
the aversion that most Namibians carry for speaking in English rather than in first
language illustrates the importance of permitting organic use of language switch-
ing. Each video this effort produces can, through the affordances of peer-assistance
and review demonstrate accurate applications of the English language. Additionally,
both educational and neuroscientific research shows that important cognition is left
behind when language options are limited. In sum, there is ample evidence to support
our belief that producing and using multilingual media is a key activity on the path
to developing sophisticated English fluency in the Sub-Saharan context.

Our research agenda also entails peer-review through a digital emulation of
Japanese style lesson study, perhaps the most widely assimilated foreign approach
assimilated in African educational systems in the past 15 years (see http://bit.ly/
namibia-m4-2015 for an example). In this example, peer-review focuses on the fit-
ting usage of the English language and its expressions. This peer-review process and
the subsequent revision by the author serves as a mechanism for quality control.
It is well-known that interactive digital media has a profoundly alluring effect on
learners [9], and it turns out this is the case for teachers also. We call media-making
a “superfood” for learning [6], because it nourishes so many cognitive, affective and
social dynamics, and skills in a way that simultaneously stokes and relies on imag-
ination and creativity. It is satisfying work that results in a rewarding new dynamic
between learners and their teachers. Finally, we see this effort as potentially opening
nourishing entrepreneurial skill sets and technical fluencies, by which older learners,
students, and teachers develop the capacity to create media both in other domains
and in school-based media. This expansive topic cannot be fully treated here but is
an important aspect of future research.

http://bit.ly/namibia-m4-2015
http://bit.ly/namibia-m4-2015
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Chapter 16
Student Producers: OneNote, Camtasia
Studio, and the Authentic Project

Audrey Lampe Ploesser

Abstract This past academic year saw the implementation of digital ink in OneNote
notebooks into the 10th grade Modern World History: 1800-Present classroom. The
main sophomore project involved creating historically and culturally accurate educa-
tional videos for the Boeing Company. Upon conclusion of the project, Boeingwould
have multiple educational videos about Middle Eastern countries to share with their
employees and their families in preparation for their relocation. All students saw
the benefits of using digital ink in their daily homework assignments, however the
fruits of this new technology were not fully displayed until the completion of their
large scale research project (Global Interactions: Boeing) at the end of the school
year. This project motivated students to engage in a historical conversation with a
reputable company and see a clear connection between history and the real world.
OneNote allowed for a unique approach to peer collaboration as well as teacher
feedback throughout this project. Students had the ability to draw concept maps,
brainstorm, and connect major ideas with the simple use of their stylus. The students
were freer to play around with the components of their visual timeline, knowing that
they could edit and perfect as they went forward. Collaborating teachers saw major
improvements in problem solving skills, peer feedback, and overall investment when
using this pen and video technology. The authentic nature of the Global Interactions
project combined with the use of digital ink allowed for an in-depth understand-
ing and investment in the social studies curriculum and final video. The Whitfield
community as well as The Boeing Company partners were immensely impressed
with the end product and methods used. This project reflected the potential use of
digital ink in the Whitfield classroom and inspired modern technological additions
to previously outdated projects.
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16.1 Problem Statement and Context

The teachers and students at Whitfield School work in a 1:1 tablet computer environ-
ment. Students are given the basic training for how to use their stylus and tablet and
appear well-versed in how to use their computers. However confident they feel using
technology, many high school students tend to stick to the techniques and programs
they knowwell [2, 3]. Entering sophomore year,many students have gone through the
historical research process and about three quarters of them have completed a basic
video project. During the fourth quarter of sophomore year, the students begin to
learn about the Middle East and the diverse political, social, cultural, and religious
aspects of those particular countries. In many schools, this vast area of the world is
often misunderstood and glossed over in the classroom for fear of controversy and
inaccurate information. Students rarely fully understand the complicated issues of
theMiddle East. The Global Interaction: Boeing video project was designed as a way
to combat this general misunderstanding of the Middle East. However, it would only
be successful if students were able to explore controversial topics in a collaborative
learning environment with the motivation to be as creative as possible. During the
designing phase of this project, two major problems appeared immediately:

1. How do you promote creativity and brainstorming between group members on
an unfamiliar historical research project?

2. How do you increase student investment and honest collaboration in the research
process (questioning, searching, analyzing)?

Amember of the technology department offered to be a consultant on this project.
We quickly realized one of the first obvious solutions to problem #1 was the creation
of productive student groups. Creating groups that allowed for trust, collaboration,
and creativity was crucial if we were going to be able to use digital ink as we
wanted. We carefully collected feedback from the students about which of their
peers they trusted and felt the most comfortable working with. Once we organized
the class sections into groups (2–3 studentsmaximum),wewere able to create custom
shared OneNote notebooks between all group members as well as the teacher. These
notebooks were first introduced as a main tool for the collecting and sharing of
ideas. Each student had their own tab within the notebook, but they also shared a
brainstorming tab, script tab, storyboard tab, and sources tab (see Fig. 16.1). Students
were encouraged to dream big with this project and allow all ideas to flow freely so
as to not limit their creativity.

Once we created and set up shared notebooks for each group, students started
to brainstorm and research their particular Middle Eastern topic. Some students
hesitated when asked to write down their ideas as they assumed perfection was

Fig. 16.1 OneNote notebook layout
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required from the beginning. With the use of pen technology, we were able to show
students how creating fabulous educational videos and creative brainstorming go
hand-in-hand. We encouraged students to be honest when critiquing their group
members and to implement the many methods shown when doing so. They could
elaborate on an idea in a new pen color, highlight and annotate, or even edit while
still allowing the other group members to see the original idea. Because this project
had an authentic audience and purpose, we were also able to reference The Boeing
Companyand their expectations of the endvideoproduct in order to encouragemature
and constructive collaboration. Further along in the process, we even shared our
notebooks with multiple Boeing executives for their feedback. Our goal was to have
the Boeing executives provide pen feedback directly on the students’ storyboards
and scripts. Unfortunately, due to security restrictions within The Boeing Company
network, this direct pen feedback was limited. We were able to have one employee
send us written feedback for many students via email. Once students received this
feedback, they were then instructed to write that into their notebooks so they could
reference it in the future.

Eventually the storyboards were edited and finalized which lead to a great starting
point for the video. Students were taught how to use Camtasia Studio software for
their videos, although they were given the freedom to use whatever video editing
program they wanted. Many of them chose to use Camtasia Studio as that was
something they were comfortable with and very “user friendly”. We feel confident
that if it were not for the use of digital ink in the creative storyboarding process, the
final videos would not have evolved as they did. Students could connect with each
other by drawing and editing on each other’s visuals and it made a huge difference
in the creative process as a whole. Once they felt certain they had created the best
flow of images and story line for their video, the transition of ideas from screen to
video was a lot more manageable.

Using digital ink during this process proved to be crucial to solve our main prob-
lems (listed above). Students connected more to the content and visual component of
this project when they were able to write directly on the screen. They could quickly
give honest feedback to one another on a daily basis, which made each group think
more deeply about their topic. Students felt comfortable pushing each other to look at
the storyboard in a new way and then were able to actually show what they intended
to produce using pen technology.

16.2 Methods Employed

Many steps had to be taken in order for our students to reach the end goal of an
educational video for a Boeing employee and their family. Throughout the entirety
of the process, students were highly encouraged to use digital ink to document their
research, brainstorming, note taking, and storyboarding. Students spent time using
online library databases to find reliable and relevant readings regarding many aspects
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of daily life in their chosen country including food, religion, family, marriage, edu-
cation, government, etc. (see Fig. 16.2).

From this point, students identified the key ideas they wanted to focus on for their
video. Some student groups used digital ink methods such as concept maps (see
Fig. 16.3) while some groups created lists of main ideas and then wrote out what the
overall consensus was for the group (see Fig. 16.4).

Once groups were satisfied with their research, students then collected or created
visuals that would eventually be shown in the video. Students were expected to
create a storyboard, or visual outline of what they wanted to communicate and show
in their video. This part of the process was the most rewarding from an educator’s
standpoint. All students felt inspired and motivated to critique and elaborate on each
other’s storyboards. Some students wanted first to get a general overview of their

Fig. 16.2 This student’s notes are clearly categorized on the right side. She has the ability to explore
her group members’ notes as well by clicking on their tab across the top

Fig. 16.3 This group’s preliminary brainstorming of possible main ideas in a concept map
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Fig. 16.4 One group’s main
ideas are listed above. They
have separated their ideas
according to each
individual’s role in the
project

Fig. 16.5 Storyboard
overview with no visuals

ideas before they even considered visuals or text (see Fig. 16.5). Another group was
further ahead in the process and included visuals, time stamps, and possible text in
their storyboard (see Fig. 16.6). One can also see this group’s storyboard includes
suggestions and edits from other peers; something that was easily added when using
digital ink. Students were not only able to critique group members flow of ideas, but
peers from other class sections were also able to see fellow classmate’s storyboards
and make suggestions.
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Fig. 16.6 Storyboard with visuals and edits by other peers

Teachers were able to easily track student progress within each shared notebook
and therefore teacher feedback was frequent and timely (see Fig. 16.7). When stu-
dents fell behind on the research and creative video process, it was immediately
apparent when looking into each notebook. We were then able to give suggestions
on techniques that would make the end product more real, accurate or professional
looking.

Fig. 16.7 Storyboard with visuals and edits by other peers
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Students worked hard to create their storyboards and then, when approved by the
teacher, they were able to start taking their storyboards and bringing them to life
through the use of Camtasia Studio software. It was amazing to see their creative
minds taking a complicated historical topic, such as Middle Eastern culture, politics,
and religion, and turning it into an informative andprofessional video.Throughout the
process of turning their storyboard into video, weworkedwith the Boeing employees
and our students to make them as authentic as possible. We were able to use digital
ink to give clear feedback to many groups at one time. Figure16.8 shows how easy
it was to give feedback to student groups about areas of their videos that needed
improvement and areas that were well done. The highlighting and symbols also seen
in Fig. 16.8mean specific things to the teachers and students. Using the penwas also a
large help when trying to decipher which student videos would go to the final rounds

Fig. 16.8 Digital ink technology allowed for quick teacher and peer feedback on the final videos.
Students had immediate access to this feedback once their notebooks synced
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of the video contest. Each teacher was able to watch a video while simultaneously
sketching their thoughts on their individual notebook. When we finished watching
all the videos, we could read each other’s feedback and then continue to comment
or highlight each other’s wording to clarify. We were able to weed out videos that
did not include enough visually stimulating content or were simply lacking accuracy
and professionalism.

Overall, the methods implemented throughout the Global Interactions: Boeing
video project was made possible by an intelligent use of digital ink and other tech-
nologies. Students were pushed to be creative and think outside the box on a hard
and complex historical, social, and cultural topic. They were able to use digital ink to
explore new topics, brainstorm ideas, and learn to give constructive and clear feed-
back. As shown above, the steps to this process were made possible due to the pen
technology employed.

16.3 Results and Evaluation

The impact of this project was immense from all angles including: students, par-
ents,Whitfield community,Whitfield educators, and The Boeing Company. Students
reported after the project concluded that there were fewer issues related to the cre-
ation of the video than in past projects. Upon further review of these statements,
we found that while students did have issues throughout the entirety of the project,
they felt more at ease going into the video creating component. Students were able
to reflect on the use of digital ink, stating that the guidelines and resources at their
disposal were crucial in making a large scale project like this feel less intimidating.
Feedback was given often through the use of digital ink by peers, teachers, and indi-
rectly by Boeing employees. Once the notebooks synced, the most recent feedback
was shown clearly in all groups’ notebooks.

While the research process was split up into multiple steps for the students, there
could have been time for cross-group peer review. Students were constantly encour-
aged to peer review other members in their group, but we did not save as much time
for students to give feedback to other classmates throughout the process. It would
also be ideal for more Boeing members to give their immediate feedback throughout
the process. We mainly focused on their feedback when we were starting to con-
vert the storyboard into the actual video, but it would be helpful to have their input
on the content and areas of focus earlier in the process. On the flip side, the draw-
back of having too much Boeing input too early would be that students’ creativity
may be squashed if they are constantly thinking about what a well-respected Boeing
employee may say about their ideas.

Oncefinal videoswere completed, eachgroup showed their 8–10minvideo to their
class section (5 in the sophomore class). They were able to get more feedback from
their peers on their final video. In the future, we could have students give feedback
directly in their OneNote notebook. At the time, this option was not considered and
therefore many students gave concrete feedback on a paper form and handed them
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directly to the group presenting. Out of 72 students in the sophomore class, 35 total
videos were created. We were then able to share the pros and cons of each video and
reduce 35 good videos to the top 11 outstanding videos. It was at this point where
we enlisted fellow faculty members to give input on the top 11 videos. Each faculty
member was given criteria for a great educational video. They were instructed to not
only examine the content of each video, but also the visual and artistic appeal. These
teachers also used digital ink to give feedback on each video and rank them from
11 videos to their personal top 5. Once the results came in from the teachers, we
realized that there would be 6 finalist videos to be presented to the Boeing panel for
review. Each member on the Boeing panel had experience traveling and working in
the Middle East. After almost two months of preparation, these students were finally
seeing the payoff of all of their hard work. It was amazing to see them truly engaged
in an authentic project and genuinely wanting feedback because they knew that their
work was for something real.

Students with the top 6 videos and their families were invited to a showing at the
beginning of May. Students dressed up in their most professional attire and parents
came to support them as they presented their hard work. Twomembers of the Boeing
panel came as well and gave their honest feedback at the end of each video. We were
amazed to see how each student group truly looked to find ways they could improve
their work in the future. At the end of the night, the top video was announced. While
some students were disappointed that they did not get labeled as the #1 video, every
student left that evening with a smile on their face. You could see the pride beaming
through their eyes as well as their parents. Without the use of the technology and the
creative collaboration explained above, we may not have made it to a point where
these student videos were worthy of being shown to Boeing.

16.4 Future Work

In the future, there aremany aspects of this project that could be tweaked or elaborated
upon. It would be fun to see how other teachers in different subject areas may be able
to collaborate on this project. Generally, when an educator combines different classes
together to inspire innovation and creativity, they have a recipe for engagement and
success. The pen technology was extremely useful throughout the entirety of the
process, but it would be helpful to find a way to make sure notebooks sync outside
of the school server. In an ideal situation, students could write constructive notes on
each other’s research paper while they were away from school. It would also help to
be able to share a notebook with a particular company, such as Boeing, without the
fear of security breaches.
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16.5 Conclusion

First of all, from an educator’s perspective, the use of digital ink throughout the
entirety of this project was absolutely necessary [1]. The ability for individual cre-
ativity, group collaboration, and teacher feedback was crucial to making outstanding
educational videos. Second of all, when you work to make a project authentic and
real, the need for useful and reliable technologies becomes even more imperative.
We needed to have access to each student’s research on a daily basis as well as feel
confident that their videos would be made in the highest quality possible. We needed
the ability to give timely feedback so students were acutely aware of anymisinforma-
tion. Not only did we need to write throughout this process, but students and teachers
needed to be able to express themselves through drawings, arrows, and highlighting
as ways to connect main ideas. Lastly, the value of collaboration cannot be overstated
during a project such as this. Students needed to feel comfortable brainstorming their
ideas so they could create something new and different and something that catches
the eye of the Boeing panel.When students do this and feel comfortable taking a risk,
the end product is so much more rewarding. Digital ink allowed for this to happen
on a daily basis with Whitfield students throughout this project.

Acknowledgments I extendmy great appreciation toMark Payton andMatt DiGiulio who worked
hard to see the vision of this project carried out. They were instrumental in making this project and
its analysis a success. I also thank all the volunteers and all publications support and staff, who
wrote and provided helpful comments on previous versions of this document.

References

1. Armstrong C, Llorin J (2015) Using sharedmicrosoft onenote binders to create a school environ-
ment for sharing, continual formative assessment, and information organization. In: Hammond
T, Valentine S, Adler A, Payton M (eds) The impact of pen and touch technology on education.
Springer, Heidelberg, pp 241–247

2. Hammond JP (2015) The impact of tablets on school leadership. In: Hammond T, Valentine
S, Adler A, Payton M (eds) The impact of pen and touch technology on education. Springer,
Heidelberg, pp 331–337

3. Romney A (2015) Tablet computers in the university classroom of 2012: opportunities and
challenges. In: Hammond T, Valentine S, Adler A, Payton M (eds) The impact of pen and touch
technology on education. Springer, Heidelberg, pp 277–282



Chapter 17
An Aqua Squiggle and Giggles: Pre-Teens
as Researchers Influencing Little Lives
Through Inking and Touch Devices

Michelle Zimmerman

Abstract Using technology for the good of society is a skill that needs to be
modeled, instructed, and practiced as young students prepare for the future. The
primary objective of this action research was to locate the emergence of skill devel-
opment through an intersection of human connection and touch screen laptop use
in a cross-age mentoring model with middle school and preschool students in an
urban independent school representing 27 ethnic groups. To increase understanding
of new forms of learning within a non-traditional grouping of sixth- and seventh-
graders in a 1:1 laptop environment, I drew on their perspective and creativity as
they utilized production and internet tools to facilitate their own data collection as
they researched and tracked learning of the little buddy they mentored in literacy
projects. The data showed students in this grouping becoming active pursuers of
relational bonding with preschoolers and simultaneously developing a mindset par-
allel with that of adult teacher-researchers. Touch and inking unexpectedly became
the tool that helped facilitate interpersonal conversational skills and social emotional
development with English Language Learning in one case study.

17.1 Motion and Direction

Like a baby shaking a rattle, we seem to be utterly content with action, provided it is
sufficiently vigorous and noisy. In the last analysis a very large part of American educational
thought, inquiry, and experimentation is much ado about nothing. And, if we are permitted
to push the analogy of the rattle a bit further, our consecration to motion is encouraged and
supported in order to keep us out of mischief.

—George Counts, 1932 [7], (p. 4)
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...the issue is about the people and not technology...

—Mark Gibbs, 2010 [13]

At the core of education is humanity. Technology is a tool [5] and therefore,
an extension of humanity. It accelerates, expands, and magnifies the way we do
things ([13], p. 34). In October 2010, just three months before the events in Egypt,
Mark Gibbs, a columnist for Network World noted how people “dismiss Facebook
and Twitter as trivial phenomena, yet that’s exactly what’s redefining the social
landscape.” Technology is changing the way we once knew the world. Simultane-
ously, there is “growing skepticism about classroom technology,” along with concern
regarding “unthinking trend followers,” with evidence to support those claims ([27],
p. xiii). Despite some concerns, it is no longer a question of “if” technology will
become an integral part of our society, but, rather, “how.”

Although there appears to be an increasing interest in shifting the way we look at
education, one only needs to look back to 1932 and see that the cry for change has
been reverberating since Counts called for meaningful impact on education. It is not
enough to experience change for the sake of change. Action without direction will
miss the end goal. The 9th Workshop on the Impact of Pen and Touch Technology
(WIPTTE) provided an opportunity to collaborate and investigate essential questions
including digital pens and touch devices, to look at the past and thoughtfully assess
where we have been and where to incite future directions of research, including
the transfer of learning. WIPTTE demonstrated how they value student voice in the
future of technology in education by providing experiences for students through a
high school design challenge and attending Keynotes and workshops to prepare them
to use technology for the public good. As an outflow of this experience, three of my
high school students who attended WIPTTE were so inspired to innovate for the
public good, they independently worked on the Surface Hub for Research proposal
without my knowledge, and presented me with a proposal to work with them to
make the proposal and research a reality for the upcoming 2015–2016 academic
year. The proposal included educators working on their Master’s degree all the way
down through Pre-Kindergarten students taking part in cross-age mentoring.

This study is part of a larger work that I began in 2007 investigating construc-
tivism [43, 44], what paradigm shifts in a formal educational environment can look
like in practice. I am concurrently a practitioner and a researcher. I have taught all
the grades from preschool through 10th grade. I have been on the Professional Edu-
cation Advisory Board for the College of Education at University of Washington for
three years, and am currently Adjunct in the Educational Design and Technology
program at Concordia University Wisconsin, where I am guiding in-service teachers
through a Virtual Enhanced Online Master in Science program. This enables a par-
allel culture for educators to learn, design, and teach in an apprenticeship model, as
they are obtaining credit for continuing graduate education. Educators benefit from
apprentice models and training in teacher-research as do students trained as teacher-
researchers when working with little buddies. In 2007, I started by studying an estab-
lished cross-age mentoring paradigm existing within the small school in the Pacific
Northwest in which I teach, where third-grade students mentored preschoolers. The
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program expanded and the school opened an additional site for secondary students.
In the redesigned program based on my research, students in traditional middle and
high school age levels prepare to enter college as high school juniors. The two years
of college are paid for by the state of Washington as part of the Running Start pro-
gram. With a Direct Transfer Agreement, students are able to enter a University with
the first two years of college completed, simultaneously earning and associate degree
and a high school diploma.

This shift in the way learning occurs requires training for educators who are not
accustomed to teaching in close collaboration with other educators and designing
blended, experiential learning models with authentic applications to help the transfer
of learning. Therefore, the Virtual Enhanced Online Master’s program became an
essential necessity for the continued development of this program. The genesis of
all of this began with cross-age mentoring research in 2007, leading to applying
the model in other contexts. In 2009, touch devices with inking and webcams were
introduced into the established model. This is where the story begins.

17.2 The Story Begins

At the beginning of the 2009 school year, my role as teacher and researcher was to
lead the first group of students in the 1:1 laptop integration program at the school. The
school was working toward breaking the divide of age-graded classrooms ([8], p. 8,
[34]), and my class was a restructured sixth- and seventh-grade multi-age cohort. As
an aside, I had the same cohort during the 2010–2011 school year and an additional
age level was added for a combined sixth-, seventh-, and eighth-grade class cohort.

From what I learned during those years and obtaining my Ph.D. in Learning
Sciences and Human Development, I put the theory and research to work in practice
throughdesign-based researchwith cycles of implementation, research, and redesign.
Along the way, students have added to my work, become research-practitioners and
co-presented with me at many conferences locally and across the United States,
further deepening my understanding of non-traditional education.

At the time, we used HP TouchSmart Tx2 tablet computers at school. We used
HP MediaSmart Webcam software for the project as well as two free programs
downloaded from the internet: ArtRage and Windows Movie Maker. See Fig. 17.1.

In the past 5 years, technology has advanced and the HP tablets we had are no
longer produced. The Surface Pro 3 has capabilities I only imagined then. However,
this study shows a genesis of our use of touch and inking devices to connect humanity
in the context of early literacy and teaching English Language Learners. The impact
of the learning design has remained consistent across age groups, content, types of
devices, and through distance collaboration across students in the small urban school
in the Pacific Northwest, and an inner city public high school on the East Coast.

Although we are going into our ninth year of action research and technology
integration at the school during the 2015–2016 academic year, andwe have expanded
to a two year blended high school model that prepares students for early entry into
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Fig. 17.1 Aqua squiggles and telling a story to a big buddy mentor in 2010

college, this chapter is focused on a slice of the study from the 2009–2010 school year.
It serves as a reflection on work that established the foundations of where we were
during the 2014–2015 academic year and the ninth WIPTTE. The core still remains
about humanity, and therefore, the underlying design is first about human interaction.
It did not start with the device or tool. This type of approach allows for longevity of
the concepts as devices change. Utilizing technology with the school’s previously
established apprenticeship model [35] and cross-age mentoring model introduced a
dais for a project-based learning environment and provided a new twist to continue
my grounded theory [4, 14] investigations of cross-age mentoring that commenced
with third-graders mentoring preschoolers. I begin by outlining the process that led
to the question development for this current study.

17.2.1 Previous Findings: Assertions Refine Research
Questioning

This research is a formof action research,where “wemay envision children as collab-
orative change agents in the settings and contexts of their lives” ([24], p. 61). I agree
with Pitri [32] that my students “learn through interaction and communication,” and
that my role as practitioner is not merely to help them learn, but to be a researcher
“whose inquiry is planned to have direct effect on [my] own beliefs and practices
and on the children” (p. 42). Through attempting to answer my own questions about
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my students’ experiences as experts instructing in an apprenticeship pairing, I more
clearly learned what it meant for “teacher–researchers ... to observe closely and learn
about their students in new ways” ([28], p. 53).

My previous study of cross-age mentoring where third-graders mentored
preschoolers, allowed me to developed several assertions in beginning to understand
the nature of cross-age mentoring interactions. The assertions I developed through
that first study helped guide the structural choices in my middle school classroom
starting in the 2009–2010 school year and consequently, my questioning for the
current study. Knowing the assertions from my first study provide context for this
study:

Assertion 1: Expert children generated multiple complex strategies for teaching
their “buddies” that showed elements of guided learning and reciprocal
teaching in facilitating instruction.

Assertion 2: The combination of teaching and learning within the context of the
reciprocal teaching paradigm and apprenticeship model, along with
engaging in group discussion and writing, shifts experts beyond the
teaching role to that of a teacher–researcher who works with their
apprentices.

Assertion 3: When experts are socially connected to their apprentices, authentic
motivation increases to maintain the connection and to continue teach-
ing their apprentices.

In the process ofmentors guiding the learning of less experienced learners, I imple-
mented a variation on the interactive procedure of reciprocal teaching to train themen-
tors and model for them how they can interact with their little buddies [29, 36, 45],
and embedded it within an apprenticeship model [35] where a more experienced
learner then guided the learning of someone less experienced. The mentors were the
more experienced learners we called the “experts”1 and they were referred to by the
preschoolers as “the big kids” or “my big buddy” and the less experienced learners
were called “apprentices” or “little buddies.” One “big kid,” in a sudden burst of
insight in the middle of a chaotic moment during a mentoring session, exclaimed,
“Oh! I get it! You teach the big kids, the big kids teach the little kids, and the little
kids teach the grown-ups!” (Alessandra, a third-grade student). That is the goal. We
learn from our students and share that learning with other adults.

1I am not entirely convinced of a single best descriptor for the process: “mentor” and “mentee” or
“expert” and “apprentice.” There exists a critique for describing children as experts because they
are technically not expert in whatever area they are helping guide learning as they too, are still
learning. But saying more experienced learners and “less experienced learners” is cumbersome. I
have been critiqued for referring to them as “teacher-researchers” and “apprentices” as the older
students are neither officially credentialed “teachers” nor “researchers” in the way we know adults
to hold such titles. The term teacher-researcher more aptly describes what they are doing in this
process and indicates something more is at work beyond the colloquial connotation of “mentor,”
especially when considering children are “mentors.” I admit momentary definitional defeat and
present a challenge to researchers and practitioners to continue the quest with me for descriptors
that are, possibly a more agreeable fit.
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When a shift of teaching power occurred, the third-grade students from the original
study that informed this later application of touch devices, transitioned from primar-
ily learners under my instruction to their role as expert teachers in an apprenticeship
pairing. This shift of teaching power eased my ability to more fully transition from
primary teacher of a skill through modeled and explicit instruction to my identity
as participant–observer–researcher in my students’ teaching and learning process. I
was able to continue facilitating the learning process and make myself available for
specific instruction if the expert third-grade students required additional scaffolded
assistance in their new role as teachers to their apprentices. This foundation was
essential knowledge for implementing the learning design later with middle school
students using touch devices with preschool students, and further, during the 2015
academic year with high school students developing research questions for the Sur-
face Hub for Research proposal.

The data from the results in that initial studywere surprising on several levels, but it
is beyond the scope of this chapter to discuss all of these results in detail. One surprise,
however, was that thewhole process allowedmentors to go beyondmerelymentoring
someone less experienced. Utilizing the combination of instructional techniques at
the onset ostensibly helped to train the mentors to develop qualities of adult teacher-
researchers. They began by questioning their own instructional methods based on
observations they recorded in handwritten journals (prior to 1:1 or touch devices),
set goals, created and tested hypotheses, and then analyzed, interpreted and altered
their teaching to produce better results in their apprentices.

I was surprised by the depth of thought expressed by the third-graders in my initial
study beginning in 2007 witnessing their collaborative speech and writing. During
that first study that informed later studies, I wanted third grade students to hand
write journals but we did not have the ability for all third grade journals to be inked.
Journalswere spiral-boundwritten in pencil. I transcribed the data. Reading the depth
of thought, atypical compared to their other classroom writing, led me to question
why this phenomenon appeared to be occurring. Searching for literature on the child
as theorist or scientist pointed me to Bigozzi et al. [2] work on how children become
scientists and their ability to explain why things happen. These ideas, along with
Vygotsky’s work [43, 44] led me to look for evidence and counterexamples in the
data suggesting that children who became teachers displayed similar characteristics
to teacher–researchers when determining how best to guide their apprentices through
learning a skill [32].

I then decided to look at how such an environment allows for the emergence and
development of a series of skills and behaviors in both the mentors and mentees that
may not be otherwise observed in more traditionally structured age-graded instruc-
tional environments [11].

17.2.1.1 Research Questions

As in my previous work, I remained interested in understanding the experiences of
the mentor and mentee. I also wanted to gain a greater understanding of the skills
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that emerged and develops through placing more “responsibility on the students to
find information, to coordinate actions and people, to reach goals, and to monitor
understanding” ([30], p. 94).

This study examined the following Research Question (RQ) and Sub Questions
(SQ):

RQ: How does the use of touch devices in a 1:1 laptop environment facilitate or
develop social relationships among cross-age mentors and apprentices?

SQ1: How do the middle school students in this classroom use technology as a tool
in the mentoring process with their preschool buddies?

SQ2: What skills do the mentors learn?
SQ3: How does the implementation of technology support developing skills that

move students from simply acting as a mentor to the process of acting as a
teacher-researcher?

SQ4: How do teacher-researchers demonstrate and talk about their learning with the
help of production and internet tools?

Drawing on the work of Strauss [42], I used characteristic examples of data to
illustrate substantive grounded theory derived frommy data.My purpose for utilizing
grounded theory was twofold: (1) to focus on how substantive theory developed as a
process with the assumption that it would continue to develop and others would build
upon this work, and (2) that it would be applicable to instructional environments.

In a three-year study on the New Mexico Laptop Learning Initiative (NMLLI),
Rutledge, Duran, and Carroll-Miranda state that “multimedia tools allow students
to express more complex ideas in more sophisticated ways,” and that “under the
right conditions, opportunities created by technology enhance the learning expe-
rience (Keane, Gersick, Kim, and Honey, 2003, p. 27)” ([37], p. 341). Rutledge,
Duran, and Carroll-Miranda, observed that we need to prepare students for “global
competitiveness” ([37], p. 341).

But we cannot expect any of this to happen by placing a laptop with a webcam
in front of a student. Students need to be taught how to utilize technology tools. It
is only then that the tools can become an extension of learning goals. To succeed as
architects of learning in this new landscape requires an identification of purpose for
education, historical and current, the goals we as educators wish to accomplish, and
the ability to apply uses for technology in practice.

We need to be more than mere facilitators of learning; rather, we need to become
architects of their learning [3] and to provide them with a solid foundation in citizen-
ship in the real world [21, 41] that will translate into citizenship in the digital world.
Digital citizenship needs to be taught, and modeled and our youth need opportunities
to engage in productive ways of relating to and creating with technology in conjunc-
tion with other human interaction. Humanity is at the core. The added benefits allow
technology to be a vehicle for innovative literacy and inquiry projects. Children as
young as preschool can gain positive experience with technology in a way that can
support literacy [40] and social development in the context of human interaction and
guidance [44] from their “big kid” buddies. Throughout history, there is evidence
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of social goals as part of education systems. With an end goal in mind, training can
more easily be designed to match. Different cultures and times value different types
of social interaction. In one system of education, behavior parallel to what we would
call bullying today, translating into cyberbullying would have been an acceptable,
and necessary form of training for the Spartans [31]. We need to clearly define end
goals for the children we educate and ensure all aspects of the training are included
in learning design, not just content.

There is little research on the intersection of socially mediated [45] learning
using a cross-age mentoring model in a 1:1 laptop formal-education setting. There
exists an unpublished thesis titled, the relational nature of mentoring gifted children
using desktop videoconferencing in Australia, using grounded theory methods over
a 2-year period, where adults were paired with children [23]. Another study looks
at adults tutoring middle and high school students in literacy in person and via
webcams [17]. Yang et al. [46] conducted a study in Taiwan with second-grade
children learningEnglish using awebcamfor video-capture in a physically interactive
learning environment. Enright [9] points out that “students of the New Mainstream
who now fill America’s classrooms not only challenge traditional teaching practices
that assume a uniform set of backgrounds and skills from our students but also
open up new possibilities by bringing into the classroom a wealth of unexpected
talents, perspectives, and unique experiences” (p. 113). There exists work done on
current knowledge gaps and recommendations for future research when integrating
technology into K-12 teaching and learning [16]. Inan, and Lowther [19] looked
at factors impacting instructional use of laptops in the K-12 classroom. Jacobsen
and Lock [20] looked at technology and teacher education with a perspective of
mentoring for student futures, as opposed to the past.

Interestingly enough, it was exactly thatwealth of talents, perspectives, and unique
experiences in my students that led to the use of webcams as part of this liter-
acy project. I had no prior knowledge about webcam uses in the classroom at the
time, but have since found the work of Sawyer et al. [39] and Harris [15]. In my
classroom, the concept and added dimension of the webcam arose at an intersec-
tion of my own questions, theoretical perspectives, and creativity of my students. It
emerged through their own research exploration of how to use their laptop as a tool
for documenting their teaching and apprentice learning in the mentoring process.
This occurred through mentors deciding to record teaching social swing dance with
their webcams to analyze back in the classroom. Second, some mentors used the
webcam as a way to initially connect with their little buddy while waiting to start
dance practice, especially when their buddy did not initially respond verbally. The
webcam brought mutual laughter to both mentor and apprentice through distorted
image filters, special effects, and focused attention utilizing the stylus to draw on the
tablet PC. It is essential to improving educational practice that we provide learners
with “both experience-produced knowledge and research-produced knowledge” ([8],
p. 4).

We, as teachers and researchers should strive to obtain both types of knowledge. I
am resolved to depict the story of this study through both lenses of research-produced
knowledge and the knowledge derived from experience. Therefore, I have chosen to
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present a wide-angle lens from which to view the structure of the general experience
of the project in the hope that it may ignite thought and generate new possibilities
of practical application in the classroom. Following this, I will present assertions
through exemplars.

I have identified several learning categories, through triadic procedures [42] that
may materialize in both the mentor and mentees as part of providing learners with
experience-produced, and research-produced knowledge:

1. Literacy: reading and writing
2. Scientific inquiry
3. Social and emotional
4. Digital citizenship
5. Technology literacy

Within individual categories, there are slightly different manifestations for each
in the mentor and mentee on appropriate developmental and academic levels of
understanding. For example, reading and writing literacy for preschoolers is very
introductory and basic and yet has the room to rise to the challenge mentors pro-
vide through scaffolding. The mentors reading and writing literacy develops through
higher order questioning, reading aloud with expression, documenting their thoughts
and reflections through journaling, and researching [14, 40].

Although there are multiple dimensions to this project, I have chosen to present a
glimpse of the findings through the literacy lens primarily focused on the experience
of the mentor because my guiding question asked how the use of computers in a 1:1
laptop environment facilitated or developed social relationships among cross-age
mentors and apprentices.

17.3 The Project

One multi-level grouping of 19 sixth- and seventh-grade male and female students
and one preschool classroom of 20 male and female students in a private school were
studied during the 2009–2010 school year. The school is located in an urban setting
of a major city in the Pacific Northwest. The surrounding community is racially
and ethnically diverse and the school’s population of enrolled students reflects the
surrounding community. White children are a minority in the school. Out of the
nineteen middle school students, nine received financial aid for part or full tuition
due to low income reporting from PSAS forms.2 Names have been changed.

2Private School Aid Service, www.psas.org.

www.psas.org
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17.3.1 Materials, Data Sources, and Analysis

During the first week of school, each of 19 middle school students in a cohort were
issued the same model (NV174UA) HP TouchSmart Tx2 tablet computer for use at
school. We used HP MediaSmart Webcam software for this project as well as two
free programs downloaded from the internet: ArtRage and Windows MovieMaker.
As recorded images were a large part of this study, Moran and Tegano [25] helped
to situate the use of digital image data within teacher inquiry. Digital images have
been suggested by Oken-Wright [26] as a tool to assist teachers and researchers in
recording personal choices when their attention was focused during observations
so that those observations could be analyzed later. Data sources included: digital
photography [25], video, journals, student artifacts, andfield notes.Artifacts included
a student-createdDVDdocumentary and digital art [18]. Students emailedme journal
entries, images, and webcam videos or transferred them to my computer via USB
drive.

Using triadic procedures, the data collection, analysis, and memoing were ongo-
ing and simultaneous [42]. I used open coding, axial, and selective coding [42].When
watchingwebcamvideos, I transcribedwhatwas said andwrote down specific behav-
iors. At times, viewing segments a couple seconds in length multiple times. Strauss
describes a similar process for “frequently coding minutely” during initial open cod-
ing procedures ([42], p. 31). This allowed for important understandings to emerge in
a grounded theory process along the way [4, 14]. Strauss see “theory as a process;
that is, theory as an ever-developing entity, not as a perfected productbut it is written
with the assumption that it is still developing. Theory as process, we believe, renders
quite well the reality of social interaction and its structural context” ([42], p. 32).

17.3.2 Method

This research is a type of action research considered participatory action research
[24]. Students are involved in the research and are also change agents in the school.
The mentoring partnership began in September and continued through the last day
of school at the end of May. Mentoring typically occurred one or two times each
week. The duration of each mentoring session ranged between fifteen and forty-
five minute sessions, depending on the activity. We did not meet some weeks due
to time constraints, field trips, or vacations. Mentors were generally paired with an
apprentice of the same gender. Cross-gender and cross-age pairings occurred in one
brother/sister pair and two students who were cousins.

The initial goal of the project was an expansion of previously established cross-
age mentoring, allowing for both experience-produced knowledge and research-
produced knowledge. The students decided to use webcams to record their progress
in teaching dance to their buddies. They originally brought the webcams to the gym
to record their teaching and their buddy’s progress. The rationale was to facilitate
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memory retrieval for later journaling, analysis and strategy development, leading to
more effective dance teaching.

Mentors started showing their buddies how theirwebcamsworked. Some recorded
their buddies and showed the screen effects. Screen effects, especially face distor-
tions, turned out to be effective “ice breakers” for first meetings with buddies. One
student had the idea to use her webcam to record her buddy as she drew on the screen
with the stylus. That gave me the idea to have the kids draw a picture and tell a story
about it. Students thought aloud [6]. This was in no way a new literacy technique,
and can be done with paper and crayons. In this case, using the webcam, mentors
captured the preschooler’s facial expressions and using a process of drawing and
letter formation over the captured faces, opened up dialog between the buddies and
mentors. See Fig. 17.2. Though my students’ primary purpose in using the webcam
was to record data, innovative techniques like this allowed for greater effective data
collection.

There is a wealth of information within the students’ webcam recordings to learn
more about middle and preschool students thought process, intentionality, social
interaction, and non-verbal communication. I was surprised to see the visible leaps
in communication ability for some English language learners over time. As the use
of webcams contributing to data transpired out of my students’ creativity, I recently
re-discovered Erickson’s [10] essay on video as data to help me better understand
the various ways of approaching webcam data collected by mentors. I learned from
Erickson that “the videotape itself is not data. It is a resource for data construction,

Fig. 17.2 Amentor on the left guiding early literacy and story-telling with a stylus while recording
with the webcam. Dialog and facial expressions get recorded for later analysis
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an information source containing potential data out of which actual data must be
defined and searched for” ([10], p. 178). Erickson notes neo-Vygotskyan learning
theory, a nice match with what I was already investigating, “which proposes that
social interaction (including the use of language and other cultural tools) is the
fundamental medium within which learning takes place…[and] when individuals
are videotaped over time and their changing participation in group interaction is
identified, this constitutes microgenetic evidence for learning” ([10], p. 181).

What started as teaching dance buddies a concrete physical motor skill of swing
dancing, branched into reading buddies, and then expanded through collaboration
with students, talking with a colleague, and a friend. Each provided a valuable
thought, questioning, or additions I pulled together into a literacy project that cul-
minated in sixth- and seventh-grade students producing a ‘documentary’ of their
experiences using Windows MovieMaker.

The student-created culminating documentary was comprised of digital artifacts
mentors collected as researchers through interactions with their buddies. Artifacts
were in the forms ofwebcamvideo, screen shot still images Fig. 17.3 or digital camera
images, and written evidence they recorded in their electronic journals. Journals
included their thoughts, observations, reflections, hypotheses, predictions, failures,
challenges and successes, goals and outcomes, as well as documenting behavior
observations in their buddies. The preschoolers dictated creative writing stories to
mentors based on art their buddies drew on the tablet computer using either ArtRage
orHPMediaSmartWebcamsoftware. The storieswere also recorded in their journals.

I trained my students how to collect, organize, and look for patterns in data, and
how to use that information to understand more about their little buddies. When a
friend heard about the reading buddies and project, she asked if I ever considered
having the mentors select books from the library to bring back for their buddies. I
decided to add an additional component to give my students a chance to practice
their research skills for a purpose. I asked the mentors to use the data they had been
collecting to find patterns about their buddies’ likes and dislikes, moods and reading

Fig. 17.3 One of Stacy’s data artifacts collected by Camilla from co-created storytelling
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habits and then them come up with predictions and identify types of books their
buddies might like. They also tried to predict how their buddy would respond.

My students produced a small-scale research proposal and rational for their genre
choices of book selection for their little buddy. I then taught them how to use the local
online library catalog to search and select books before our off campus field trip to
the local public library. This also provided a balance between utilizing online sources
and experience with print sources. Mentors decided how they wanted to present the
books to their buddies and devised methods to test their hypotheses and what types
of behaviors might indicate whether or not their buddies liked the books. I was not
anticipating the level of surprise and excitement their little buddies expressed on the
day their mentors brought the library books. It was the type of reaction I would have
expected if they receive a wrapped gift. Their little buddies quickly understood that
the books were specially chosen for them resulting in a sense of relatedness.

The documentary DVD created by the middle schoolers served as only one type
of assessment for tracking the progress of my students and the skills they acquired
along the way [18]. We watched “Mad Hot Ballroom” [1] in class and talked about
how it related to their work as dance mentors, techniques used by the instructors,
and the construction of documentaries. The students’ documentaries provided an
authentic method of communicating their own personal experience to an audience
outside the school, and amemory keepsake for their little buddy and family. This is an
example of an experience-produced knowledge and research-produced knowledge
assessment.

The mentors assumed a greater responsibility for directing not only their own
learning, but took necessary steps to help direct the learning of a less experienced
preschool student. In some cases, that meant they needed to further refine some of
their own skills before they could help a buddy. It also helped mentors identify what
they knew and what they did not know as soon as they started trying to explain a
concept.

My students began to realize the importance of focusing attention. They started
noticing patterns that when their buddy was not focusing or listening, they would not
learn as quickly as when they were focused and listening. This concept seemed to
produce themost observable behavioral change in student-mentors regarding focus in
their own classroom.They experiencedwhat itwas like from the teacher’s perspective
and saw the results of focusing and listening in their data as researchers. It also
became a great classroom management technique. When my students lost focus
during the teaching of other subjects, I would say: “Remember how your buddy
learns better when they focus?” “Oh yeah,” was an immediate response.

Perspective taking is a valuable skill not just as a teacher or researcher, but in life
outside of the schoolwalls. The concept can be brought into various scenarios, includ-
ing bullying in the real world or the digital world. Some of the boys with the most
behavior problems in school have been the most vocal about their interest in webcam
usage and the cross-age partnerships. There has been a positive change in their real
life social interaction with their peers, as well as behaviors in classes unrelated to the
mentoring. The goal is to translate that real world change into digital citizenship [12],
a skill that needs to be taught and modeled. Our youth need opportunities to engage
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in productive ways of relating to, and creating with technology in conjunction with
other human interaction.

17.3.2.1 Learning by Example

The use of computers in a 1:1 laptop environment can facilitate or develop social
relationships among cross-agementors and apprentices, alongwith other skills. I used
two mentoring pairs as examples to describe what this looked like in my classroom.
The first pair includes two girls Camilla, the mentor, and Stacy, the apprentice. I
chose to tell their story due to observable applications for English language learning
as well as a clear example of the interaction process between mentor and apprentice.
I chose to present the second example with boys for a gender contrast, and a contrast
in mentor personalities. Jeff, the mentor, and Greg, the apprentice, are of particular
interest to me because Greg’s presence as apprentice in the mentoring process had
a profound influence on his mentor’s own social and emotional development. This
was evidence of a little buddy creating transformative impact in the older mentor
student. I also selected Camilla and Jeff because neither of them were high academic
achievers in class. Neither of them volunteered to speak in class during discussions
or to answer questions. An additional contrast: one began as friendly, cheerful and
social, and the other began quite the opposite, including bullying peers.

17.3.3 Finding More: “Pink Apples”—Camilla and Stacy

Camilla is a sixth grade girl. Her family is from the Philippines. She is rarely seen
without a smile on her face and she is well-liked by her peers in class. After observing
her in the classroom, she gives little indication, however, of being passionate about
completing homework or engaging in class discussions. She often seemsdisinterested
or aloof rather than engaged. Stacy is a four year old preschooler whose family
speaks only Vietnamese at home. Enrolled in a three-hour, two-day a week program
the previous year, she only spoke a few words in English, although she appeared
to understand more than she could speak. Stacy usually responded to her teacher’s
questions or commentswith a blank expression and noverbal response. I purposefully
paired these students because of Camilla’s outgoing and cheerful disposition and
Stacy’s quietness.

During their first meeting and webcam recording, Camilla attempted to commu-
nicate with and began forming a friendship with Stacy. The video lasts only four
minutes, but it sets a baseline for Stacy’s English communication and the hesitancy
she demonstrated through her behavior. In Camilla, we can see a strategy developing
to connect relationally as she incorporates the use of technology as a tool to facilitate
spoken communication skills. The video opens with Stacy’s flat affect. Camilla is
off to the left side of the camera, trying to start conversation with Stacy.
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Fig. 17.4 A still shot of Camilla’s webcam footage after inking. Stacy sat back to look

Camilla: “What’s your favorite color?”
Stacy keeps looking at the screen. There is no response. She moves forward

reaching toward the color pallet on the screen. Her lips slightly purse forward as if
the beginning of a ‘b’ is waiting to emerge but she sits back and says nothing.

Expressionless.
A second question from Camilla: “You like this—Do you like this color?”
An aqua blue squiggle appears to the left of Stacy’s face. Figure17.4.
Stacy sits back, away from the computer, presses her lips tightly together, turning

the corners of her mouth in a slight downward curve, but her eyes are beginning to
smile. It appears she is trying not to smile. She momentarily looks in the direction
of Camilla and back at the screen, nodding her head “yes” Camilla lets out an,
“oooohhh.”The squiggle disappears from the screen and this catchesStacy’s attention
and she immediately reaches to point again, but this time there is an obvious visible
articulation of her lips pressing together forming the “pi” combination, as the “i”
vowel is elongated into a smile. She bounces back away from the screen and toward
the screen again, leaning in so close all that is visible is now awide-mouthed smile. A
pink squiggle appears where the aqua once was. A soft sound comes from Camilla’s
direction, “Pink. Do you like pink?” she asks Stacy.

Camilla is engaging Stacy in multiple tasks. She starts a conversation and through
questioning introduces color vocabulary and voice inflection while building rela-
tionship by showing she has an interest in what Stacy likes. At the same time, she is
modeling how to use the stylus and the webcam software’s draw on screen feature.
Rogoff’s [35] model speaks of apprenticeship as a metaphor for the relationship
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between the expert and the novice, guided participation by the expert during hands-
on involvement in a shared activity, and the concept of participatory appropriation,
referring to how the individual changes through his or her involvement with the
activity, which may prepare the individual for later involvement in related activities.
More skilled people (experts and more advanced apprentices) assist apprentices in
their learning by involvement and communication.

Camilla continues through a series of questions that result in increasingly open
responses from Stacy: “What, what is [sic] your other favorite colors?” Stacy no
longer shows hesitation responding through pointing, indicating she comprehends
the question. This time, her flat affect is gone and her eyes smile so much that her
irises nearly disappear. “Oh, purple. Do you like purple also?” Camilla asks from off
screen.

Camilla takes note of the progress she is seeing in Stacy and switches activities
to try to get Stacy to vocalize rather than just point.

“Can you say your…Do you know your A, B, Cs?”
Stacy nods “yes.” [The accuracy of her non-verbal acknowledgement was con-

firmed by her preschool teacher. Stacy did know the alphabet]. Camilla makes sure
she does not ask something of Stacy that she is incapable of doing and once she
receives confirmation, she proceeds.

“Can you say-Can you sing your A, B, Cs” [Both faces are out of view for a
moment before Stacy leans back in, tilts her head to the right and averts eye contact
by looking down]

There is still no verbal response. Camilla tries again, but offers scaffolded assis-
tance:

“Can you sing your A, B, Cs with me?”
There is a smile this time, but still no response. Camilla reassures her,
“It’s okay” She pauses for three seconds and says again,
“It’s okay. Why don’t you try?”
Eight seconds of silence pass. Stacy’s face moves back in view, but now she’s

looking around behind her at the other buddy partnerships. Three more seconds
pass. Camilla tries again, decreasing the task,

“Can you sing a little bit to me?”
There is a pause and Stacy moves her hand up to her mouth. She looks over at

Camilla and a smile starts spreading across her face as she hears Camilla begins the
song on her own, laughing at herself when she gets to “H, I, J, K” and speaks out:

“L, M, . . . N-O?”
Stacy looks down and away from Camilla as Camilla picks up singing, “Q, R, S..”
Stacy looks up and smiles at Camilla. For the first time, Stacy starts mouthing the

rest of the words to finish the song with Camilla, in mime. I can see that Camilla
rotates the screen housing the webcam because it tilts up to capture Stacy’s face
better. This shows me Camilla is aware of the importance of capturing Stacy’s facial
expression as a clue to intention and inner thought. Stacy’s smile is very broad
with both hands over her mouth, gradually reforming the curve of both hands into
semi-circles cupped around her mouth as if she is telling a secret, but her mouth isn’t
moving from the upward curved position. Camilla finishes with, “Now I knowmy…”
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and Stacy’s hands drop, she purses her lips in a smile and looks back at Camilla.
Stacy shrugs her shoulders, reaches for the stylus and tries drawing on her own.

It should be understood that “expertise is a relative term; experts are more skilled
than novices and have some degree of vision regarding the organization of a skill,
but they are not finished developing themselves” ([35], p. 350). The experts make
decisions how to divide the activity into smaller subgoals on a scale the apprentice
can handle, while also providing helpful advice on how to handle the tools [5] and
skills required [35].

Camilla tries another topic revolving around drawing a turtle:
“Do you know what’s your favorite animal?”
Still no response, but Stacy points to something on the computer. Camilla says,
“Turtles? Do you like turtles? Can you draw a turtle for me?”
Stacy selects the aqua color. Camilla first squiggled on the screen while asking her

favorite color and draws a narrow vertical ellipse filling most of the screen with the
top part left unconnected at first, but fills in most of the shape. The image disappears.
Stacy reaches back and her voice is audible saying, “color green” with a smile on
her face. Camilla asks,

“Can you try to draw a little bit of a turtle?”
Stacy moves in and the concentration and focus in her eyes makes her look very

serious as she draws an image that happens to show up in the screen right around
her eye, emphasizing the expression without her realizing. She jumps back with a
gigantic smile on her face and looks at what she just created. In a very un-clear
articulation, says what sounds like “I remumturt-lie” [which, when left to stretches
of the imagination, appears to translate: I don’t remember what a turtle looks like].
Camilla reassures her again,

“It’s okay.”
Camilla picks up the stylus and places a dot to look like an eye inside Stacy’s

organic form and exclaims cheerfully:
“It’s a happy turtle!”
Stacy smiles again. Camilla says,
“and then…”
The color red becomes visible on the screen as Camilla transforms Stacy’s shape

into the head by drawing the shell in red. Stacy’s affect looks like she’s concentrating,
her eyes widen as she sees the image and bursts back into a smile. Camilla:

“There’s a turtle!”
[end webcam video].
Camilla and Stacy co-created meaning. The conception of the zone of proximal

development [40] is extended by Rogoff [35] within the apprenticeship model and is
termed guided participation. Guided participation “involves subtle communication
between people as to what new information is needed or appropriate and how it can
be made compatible with current levels of skill and understanding” ([35], p. 351).
Children are assisted by their partners to varying degrees, while providing and seek-
ing guidance. This guidance may take on many forms such as “distal arrangements
based on practical considerations,” “explicit face-to-face interaction,” “casual con-
versation that is not explicitly didactic,” and “subtle nonverbal and verbal forms of
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interaction” ([35], p. 351). When children are involved in active observation or joint
skilled decision making through guided participation, they may transfer acquired
skills for later individual performance in similar problems: “I see the process as
one of appropriation [35] in which through participation, children transform their
understanding and skill in solving the problem” ([35], p. 362), rather than simply
internalizing information. Participatory appropriation suggests that the expert is not
only in the position of the instructor, but also becomes a learner through the process
of guided participation. This acquired learning may be used in future applicable
learning situations.

Furthermore, Camilla became an English language instructor for Stacy. Enright
[9] talked about the distinct types of languages used for everyday interactions com-
pared to the type of language used within classrooms and specialized professions.
According to Enright [9], language for everyday interactions called basic interper-
sonal conversation skills (BICS) developmentally comes before cognitive academic
language proficiency (CALP). There needs to be a foundation of “well-developed
interpersonal languages (BICS), generally with the help of formal instruction” ([9],
p. 83) before CALP can become solid. Camilla was simultaneously helping Stacy
develop BICS and CALP skills through conversation and literacy strategies.

Technology helped Camilla facilitate human interaction and English dialog. She
began from a relational standpoint in getting to know what Stacy liked, disliked, and
her demonstrated level of skill. She got to know how Stacy thought [11]. From there,
Camilla encouragedStacywhen shehesitated andprovided further scaffolding.When
shemet resistance, Camilla either increased support, or transitioned to a new activity.
Technology allowed a basic, blank canvas for Camilla and Stacy to draw on shared
knowledge and co-createmeaning.Technologyhelpedprovide a spacewhereCamilla
could help Stacy develop BICS and CALP skills, as well as motor development
through drawing and writing. Camilla helped introduce Stacy to technological tools,
and created a documented record of the process. A simple tool of a webcam and on-
screen drawing program allowed Camilla the flexibility to create an individualized
plan based on Stacy’s needs.

Lacina [22], points out that isolated drill and practice is not an effective way to
improve academic achievement:

During the 1980s and 1990s, the focuswas on the cognitive and language proficiency needs of
ESL students, in which content-based teaching became a widely accepted means of teaching
English. Today’s instruction emphasizes students constructing meaning with computers,
reminding us of the work of Vygotsky and Piaget (p. 113).

In addition, Lacina [22] suggests that as new technologies develop and further
research demonstrates effective teachingmethods in promoting language acquisition,
the field of computer-assisted instruction (CAI) will continue to change. Through
this, students are able to construct their own knowledge, as teachers scaffold students’
learning. ([22], p.113). Enright [9] mentions broad social approaches to academic
literacy that acknowledge a perspective of “multiple literacies,” of which academic
literacy is only one part “of an individual’s repertoire of literacy practices, with
critical, personal, or community literacies also informing one’s understanding text
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and of the world” ([9], p. 85). In mentoring with technology, both the mentor and
apprentice have the opportunity to develop multiple literacies.

It was a joy to watch the relational bond develop between Camilla and Stacy from
their initial meeting, through the dance practices, the high fives, the shared reading, to
one of the last webcam videos of the 2009–2010 school year. In that recording, Stacy
looked directly at the camera, answered questions immediately, spoke in phrases, and
drew a picture all on her own. Then Stacy narrated a short story to go with the picture
she drew. In the following dialog from this video, there was a notable difference in
the interaction between Camilla and Stacy, as well as Stacy’s ability and willingness
to communicate verbally with Camilla. Camilla came up with interview questions
for Stacy, one of which was the same as her initial question frommonths earlier. This
time, however, Stacy actually articulated her favorite animal:

CAMILLA: What’s your favorite animal?
STACY: Aaaa Panda
CAMILLA: You like Pandas?
STACY: Yeah [big smiles this whole time, looking at Camilla as the question is

being asked, then directly at the camera for her response. She appears
very confident]

CAMILLA: What else? What else? That’s it?
STACY: Um. Dragons [bursting into a smile again]
CAMILLA: Ok, you like dragons?
STACY: And I love pony and pig
CAMILLA: You like pig? What does a pig say?
STACY: oin, oin, oin
CAMILLA: Oink, oink, oink, yah! Do you have any animals at home?
STACY: No, but I hab dog
CAMILLA: Oh, you have a dog? What’s the dog’s name?
STACY: a Mocha
CAMILLA: You’re dog’s, “Mocha”? Well how old is Mocha?
STACY: A girl
CAMILLA: Well, how old is she?
STACY: [smile fades, looking around, she softly repeats] A girl
CAMILLA: [hesitation sounding like she doesn’t know where to go with that

response and in a barely audible low tone, Camilla says: “ok.” Then
with a renewed enthusiasm in her voice, she continues] Who’s your
favorite princess?

The conversation continued with mermaids and Dora and a drawing on screen.
There is evidence in a couple of Stacy’s responses to Camilla’s questions that there
was still a language barrier, but the progress was astounding. Even more astounding
was that even as she spoke with such ease to her big buddy, Camilla, Stacy still hardly
spoke in class.Watching Camilla’s webcam videowas the first I ever witnessed either
Stacy or Camilla speaking and interacting in that manner within class time. I literally
laughed for joy several times–not just for Stacy’s progress in verbal and non-verbal
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expressiveness that I would not have seen in such depth otherwise, but also the
persistence and technique Camilla demonstrated throughout the process. I had not
seen that level of determination, passion, or persistence in other aspects of Camilla’s
school work as I did during her interaction with Stacy. For instance, Camilla jumped
up and down after running over to me to exclaim how excited she was that Stacy was
so excited that the book she picked out was her favorite and Camilla did not even
know before she chose it for Stacy on our library field trip. Camilla figured Stacy
might like it based on her research data and analysis. Her assertion was accurate.
Figure17.5 is a photo Camilla took of Stacy because she was so excited that her
research led her to Stacy’s favorite characters without even knowing. Stacy felt such
a strong connection with Camilla, she asked Camilla to meet her mom after school.
Her mom spoke little English, but could see her daughter was excited.

In a final example for Camilla and Stacy, I will present evidence of Camilla’s
developing strategies and methods as an instructor and her role in facilitating Stacy’s
developing English literacy continued through partner reading. This dialog occurred
during the literacy project where Camilla selected books for Stacy based on the data
she collected learning about Stacy over the year. Camilla brought a selection of books
from which Stacy could choose. Camilla captured Stacy’s facial expressions on the
webcam as Stacy saw the books. Camilla also used the webcam to document which
book Stacy reached for first. Camilla hypothesized in advance that this gesture would
indicate intentionality and possibly favorite or first-choice book. Camilla and several

Fig. 17.5 Stacy holds the books Camilla selected for her during the library field trip
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other students decided to use this method to give their buddy choice and control
in the reading process even though they were the ones to select the books at the
library for their buddies. After they were in the midst of reading, Camilla said, “I’m
going to read some of them and she reads after me.” Stacy enthusiastically pointed
to the book saying: “I like this! I like this!” Camilla tilted the screen down to capture
the images Stacy was pointing toward. They were drawings of ballerinas in fourth
position relevé.

STACY: “I like this, and this, and this and this” [pointing to various aspects of
the drawing as Camilla tilts the camera back up to Stacy’s face]

STACY: [looking at the camera smiling] “I like all of it.”
CAMILLA: I will read some. Ok? I will ask you some questions. “My aunt Gena

is a ballerina… taking me back stage before the show.” Can you find
Gena?

I assume Stacy’s identification is incorrect because Camilla’s voice is first heard
saying, “no,” then there is a brief pause, followed by, “Yes! Good job.”

STACY: [reading the words in the book] Some of the dancers are [After each word
she reads, Stacy pauses and looks up to Camilla for reassurance. Another
pause Camilla helps her with the word,] “practicing,” [and Stacy repeats
after Camilla.]

Figure17.6 shows what literacy buddy sessions can look like. Notice some men-
tors sit on the floor with their buddies, top left, and there aremultiple books, webcams

Fig. 17.6 Mentors guide literacy and record progress with webcams each session



262 M. Zimmerman

running, and mentors also had mobile devices or digital cameras to record additional
data.

Stacy’s preschool teacher is seen in thewebcam as she came by to check on Stacy’s
progress and also model a technique for Camilla of reading a few words and letting
Stacy fill in a few words. Stacy’s preschool teacher concluded her check-in with
positive reinforcement by saying, “Good job! High five!” Although the “high five”
was originally intended for Stacy, Camilla looked up from tracking the sentences
on the page during the modeling, and she held her hand up for a “high five” from
the preschool teacher. When Camilla noticed the gaze and hand orientation was
directed toward Stacy, Camilla giggled and said, “oh.” It showed me that Camilla
felt accomplished in the work she was doing with Stacy and realized her efforts were
worth acknowledgement also. The preschool teacher saw this and said how both of
themwere doing a great job, and gave them each a “high five.” The preschool teacher
continued on to the next pairing and out of view of the camera. Stacy continued
reading quickly:

STACY: I do my…[reading next sentence followed by a pause]
CAMILLA: plié
STACY: Plié. What’s plié?
CAMILLA: It’s like this.Whenyou’re bendingdown. [demonstration visible]
STACY: [smiled] yeah
CAMILLA: Do you wanna try? Yeah. Come over here. Let’s try that

They both get up and are part way out of view of the camera. Camilla’s hands are
on Stacy’s arms guiding her in a downward motion. She moves the camera screen to
document the vocabulary word as it is defined and enacted through Stacy after she
modeled it. Then Camilla said, “Let’s try that again. Can you do a plié?” Stacy bends
her knees and Camilla says, “Good job!”

Camilla again switches the reading strategy by going back to reading one word
and having Stacy repeat after her. When she notices Stacy look up at the camera, she
refocused Stacy’s gaze to the book by pointing out something she knows will catch
Stacy’s attention:

CAMILLA: How many ballerinas are there? Count. [Stacy counts while pointing]
Good job. [Camilla turns the page] Here, I’ll read. [Camilla reads a
section of the text modeling fluency and expression]

STACY: [pointing to a picture] Oh those are make up!
CAMILLA: Do you like make up?
STACY: Yeah!

Camilla continues modeling fluent reading of the text with expression.

STACY: [repeating the novel sounding phrase she just heard] Cheeks. Look like
a pink apple. [Camilla finishes the sentence: “make-up on my cheeks.”]

STACY: Cheeks. Yeaaah. No! Pink apple? No. Apples are red!

Stacy noticed that the author’s description of “pink apples” did not match her
understanding and meaning she has associated with the color for apples. This is
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a distinct difference in Stacy’s response and reaction from when Camilla asked
Stacy the age of her dog, Mocha, and she responds “a girl.” When Stacy says, “No.
Apples are red!” it indicates a level of English language understanding and reading
comprehension through first repeating the novel phrase she heard Camilla read, then
by making sense of the text. Reading continues and Camilla asks Stacy if she would
like to read. Stacy begins, but quickly becomes stuck. She looks to Camilla for help.
Stacy wants Camilla to understand that she can identify some letters in the word, but
not the word itself:

STACY: Some letter I know. Some letter I know
CAMILLA: That’s okay. I’ll help you. [Camilla and Stacy read in chorus]

Schmidt et al. [40], have awiki with resources to linkK-6 literacy learning activity
types with ways technology can be used as a tool to support literacy goals. I am using
their tables, specifically Tables2, 5, and 6, to help locate some of the types of literacy
learning seen in the evidence I presented above. Although I am not providing the
images of the tables, I will refer to them by number for reference purposes. Table2
identifies “The During-Reading Activity Types.” These include reading aloud while
the student listens to an oral reading of a book, students asking questions about what
they are reading, directed reading/thinking activity (DR-TA), and discussing the
text being read. The goal of the during-reading activity types is to “develop readers
who check their understanding as they read, integrating their new understanding
with existing knowledge” ([40], Table2). One example of this in Camilla’s work
with Stacy was demonstrated when she was not familiar with the vocabulary word,
plié, she asked what it meant, and Camilla verbally described the action in words,
demonstrated the word, and had Stacy enact the movement with her. Another during-
reading activity was when Stacy wanted to make sense of “pink apples.”

Table5 identifies “The Comprehension Activity Types.” A goal of this type of
literacy activity is to ascertain a reader’s understanding of a text passage. Camilla
utilized something similar to the Cloze Technique where she let Stacy insert words
that were omitted as she read a few words, and let Stacy read a few words. The goal
is to complete and construct meaning from text.

Table6 describes “The Fluency Activity Types” where the goal is to improve a
reader’s speed or rate of reading and ability to read expressively.Modeling is amethod
where a student listens to a reader whose words are fluent and automatic. Storytelling
is another strategy to improve student fluency. A student tells a story or narrative
through improvisation or embellishment. Camilla worked through storytelling with
Stacy as she drew pictures recorded by the webcam, utilizing the on-screen drawing
feature.

Stacy received excellent literacy instruction from her preschool teacher through-
out the year. Typically one-half, to three-fourths of this preschool teacher’s four-
year-old class is reading anywhere between a first- and third-grade level before they
reach kindergarten. Many of the students are English language learners and pri-
marily speak a language other than English at home. The excellent literacy instruc-
tion was supported by individual instruction and documentation with the help of a
sixth-grade teacher-researcher, Camilla [24]. Camilla helped provide Stacy with “a
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richly responsive interpersonal world” ([33], p. 105) and helped Stacy learn how to
communicate better. Pressley says that children who engage with literacy in such
environments “are going to be cognitively far ahead of agemates who do not” ([33],
p. 105).

Camilla demonstrated both of their learning by creating a 30min Windows
MovieMaker documentary. This chronicled Stacy’s progress as an English language
learner, her social and emotional development, command of a stylus and emergent
writing skills with sounding outwords and invented spellings, even noticing themiss-
ing “l” in a word that she wrote on the screen to identify an aspect of her illustration.
Figure17.7 is webcam with inking data Camilla collected.

The relationship between Camilla and Stacy grew so that they ran to each other
every time one saw the other. Stacy, like most of the other preschoolers, voluntarily
requested her parents meet her “big kid.” The documentary produced by Camilla
included Stacy’s digital drawings and paintings, videos, scrolling transcribed story,
a message she wrote to Stacy’s parents asking if they ever heard Stacy read as a
transition into video footage of Stacy reading, a message to Stacy, and rolling credits
listing Stacy as the star of the movie, and Camilla as the designer.

In December 7 of the 2010–2011 school year, I asked the mentors to free-write
memories of their mentoring experience during the previous, 2009–2011, school
year. Here are excerpts from what Camilla wrote about her time with Stacy a year
after mentoring her:

Fig. 17.7 This still image of Camilla’s webcam recorded video and inking is clear evidence of
progress in speaking, storytelling, inking, writing and spelling by the end of the school year in May
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“My buddy is Stacy. She used to come here to school, now she’s gone…I also liked how our
pre-K partners first tried on our webcams in our computer; she would laugh when she sees
her face distorted on the webcam. Stacy really likes drawing. When I ask her what to play,
she would always ask to draw. She likes to draw princesses and doggies; the best thing I like
about her that she would tell a background story of her picture. I think she would be a great
writer when she grows up…Stacy likes to be tickled, and her laugh is really cute.The one
thing that was challenging with Stacy was that when I read with her, she would not listen
that much and ask if she can just play…I really miss Stacy! She was a really good partner!”

Camilla truly became an architect of learning, displaying the qualities of a teacher-
researcher, a relational bond, and showed evidence of an individual using technology
for the public good [12] and influencing a little life. I was able to see skills develop in
Camilla that Iwould not have seen emerge through the other typical learning activities
directed just toward her own class and with her peers. Camilla identified progress in
Stacy’s literacy writing development and asserted that she thinks Stacy “would be a
great writer when she grows up.” Although some same-age peer interactions show
similar dynamics, there is another level of competition or comparison among peers
and the dynamic appears to take on a different nuance than in my observations of
cross-age mentoring. Jeff is one such example.

17.3.4 The Unexpected: Jeff and Greg

Jeff was also a sixth grade student in Camilla’s class, but unlike Camilla, he hardly
ever showed non-verbal expression. This may at first be considered a cultural con-
struct. His family is Korean. However, his parents showed concern for anti-social
behavior at home, school, outside of school, and how they could not get him to com-
municate with them. They were concerned that he did not have any friends. They said
he would do nothing other than play games on his computer when he got home. His
parents were called in for meetings several times during the 2009–2010 school year,
along with email and phone communication to discuss academics, lack of engage-
ment, missing assignments and failing grades in most subjects, as well as concern for
showing signs of under-cover bullying behavior toward his classmates, both physical
and verbal. I described all of the strategies, both behavioral and academic, that I tried
with Jeff before calling them requesting any insight they might have. I explained
reasons for the strategies I chose and how they had worked with other challenging
students in the past, but did not seem to be effective with Jeff. I worked with his
parents to try to determine any clues or insight. All of us felt at a loss as to how best
we could proceed. I was quite hesitant to pair him as a mentor and knew I would
need to watch carefully. I paired him with Greg, a quiet four-year-old. Recall that
the initial pairing was for dance instruction and from there branched off into various
other mentoring activities, including literacy, as described in this paper.

I do not have data collected by Jeff last year, from his perspective. Even during
group projects exploring webcam use with peers in September, Jeff deleted all of the
group work files his group decided to store on his computer for presenting the next
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day, frustrating the other students in the group for lost work. Even though I do not
have Jeff’s own thoughts, chronicling his mentoring journey from the beginning, I
observed changes in him through the mentoring process that I did not expect. The
changes rippled out and began to influence the way he viewed himself, and this year,
I am seeing glimmers and little sparks that give me hope—despite the failure of all
of the other strategies I employed.

Jeff’s little buddy, Greg, looked up to him and smiled every time Jeff came into
the room. Jeff did not seem to notice until I pointed it out to him. The first time, Jeff
did not even look up right away, but then, I saw what appeared to be a double-take
as Jeff took notice that Greg was happy to see him. He successfully taught Greg to
swing dance the basic steps with a girl and through the mentoring interactions and
the progress he saw enacted through his little buddy, I saw Jeff smile for the first time.
He showed interest in getting to see Greg again and showed persistence in helping
Greg when he was having a hard time with particular movements. Jeff mentioned
being proud of his little buddy.

By February, the school engaged in a study of the 2010 Winter Olympics in
Vancouver. My class used their computers to research historic similarities and dif-
ferences from the original Olympics in Greece, as well as research on countries
participating in the 2010 Winter Olympics. Each student or pairs of students in my
class selected a country to learn about and follow and then became the lead of a team
comprised of several children from each grade from Kindergarten through fifth. Jeff
spoke with confidence as a group leader, interacted with the younger children, smiled
throughout the time. The observable difference was so great that three other teachers
of different grades came to me to point him out and ask if I noticed. To anyone else
who did not know Jeff prior, it would appear as nothing out of the ordinary. For
my colleagues and even more for me, a seemingly small movement like that was an
enormous victory.

December 9, 2010, on the same day this year that Camilla reflected on her mem-
ories of the experience with Stacy, Jeff wrote as well. I received his typed response
via email:

“Last year, the whole year; my partner’s name was Greg. He was always excited when seeing
me this year. He calls me a big brother. Greg is very fun to work with; even I would enjoy
working with him! Greg was my first partner to ever work with me for the whole year when
I came to [this school]. To improve our [w]righting experience for our projects, we use
computers. The computers helped us in many stuff. If it’s research on our buddies, we record
and write that down. For the dance with our little buddies, the recording part was kind of
hard. I had to keep switching around almost every time my partner keeps moving around.
The difficult part is when it comes to teaching them a simple rock-step. I know their brains
did not improve yet but it was pretty difficult. When we read to them, we would see if they
can read the words by themselves. My partner Greg is still learning his alphabets. It can get
pretty hard when it’s teaching. First I read the word then he would repeat the word that I say.
Well, it was very fun to work with Greg last year. I hope to work with him again this year!”

The reflective component is an important aspect of teaching, learning, and
researching. Mirrors of ourselves in our students sometimes help us see things in
ways we did not see them before. Teaching students like Jeff can be frustrating at
times when I feel powerless in my efforts to break through and make any observable
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positive change. I see mirrors of myself in Jeff’s words how he felt at times when he
worked with his buddy: “I know their brains did not improve yet but it was pretty dif-
ficult. It can get pretty hard when it’s teaching.” And yet, with the smallest glimmer
of positive change in my own students brings a renewed enthusiasm and a passion
to keep going. Page [28] agrees with Goswami and Stillman’s (as cited in Page,
1994) assertion that teachers who research “become reflective, thinking teachers,”
they “become theorists who find connections with practice,” and “the concept of ‘I
can’t wait to get back into the classroom’ resurfaces” ([28], p. 53). Jeff said, “I hope
to workwith him again this year!” I saw that inmyself when I wanted to loopwithmy
students and be their teacher for a second year during 2010–2011. I wanted another
chance to continue and build on what I started. I think when a teacher researches
and learns from her own students, it allows a glimpse into even more possibility than
what is seen if she simply expects her students to learn from her.

Mentoring Greg was one thing in school for which Jeff demonstrated enthusiasm
and passion that carried over to this current school year. Jeff demonstrated through
action that he has the capacity to develop nurturing behavior through training and
when given a chance to practice those skills in an environment somewhat removed
from his peers, those skills can actually increase. Although Jeff has a long way to
go and does not give the appearance of focusing in class most of the time, or being
passionate about other academic subjects, he is showing a passion for his newly
developing skills in digital art production, periodic high scores on assessments when
he studies, and is turning in most of his homework. Jeff has made some friends in
his peer group this year, and talks and laughs with them.

Alongwith specificallyworkingwith behaviors, and pointing out the unacceptable
bullying behaviors, there have been major strides, as small as they may appear to
an outside observer. Jeff’s confidence and self-concept increased, especially after
returning to the classroom one day last year, only to get called back to the preschool
room because Greg said he wanted his parents to meet Jeff. I watched the smile
spread across Jeff’s face. I watched Jeff smile during the times Greg reached up to
take his hand or when Greg leaned in closer to Jeff when they read together. I like
to imagine how these experiences could possibly affect the future of my students’
relationships.

Mentoring does not fix all problems.Mentoring,when pairedwith explicit instruc-
tion and technology, can provide a vehicle for allowing other skills to be developed
and expressed that may not be otherwise observed. These skills go far beyond liter-
acy, scientific inquiry, or dance. In a discussion during the 2010–2011 school year,
I asked my students why they thought we were continuing mentoring this year. Jeff
raised his hand. I was surprised, first because he does not volunteer to speak in class.
Second, Jeff was actually focused on the conversation. Not just any conversation,
it was a conversation regarding mentoring. His response to my question of “why
mentoring?” was simple. Not even a full sentence, and yet it provided me with a
window into which I could view the way Jeff saw the experience. Jeff responded:
“Help you improve on your work.”

Through this process, the social-relational component of mentoring that I have
observed can be a powerful thing. Greg loved Jeff like a big brother and helped break



268 M. Zimmerman

down Jeff’s walls separating him from human interaction. I still have not been able
to identify the source of Jeff’s non-resourceful behaviors, but if a strategy is working
to make a difference in his emotional and social health filtering into his behavioral
choices, then I find it very worthwhile to continue. On December 9, 2011, Jeff wrote
in a reflective response about mentoring a new student this year: “I am going to use
a lot of thinking to get this all right. This is really hard to work with a new partner
who just came to [this school].” He expressed that he hoped he would have been able
to mentor “someone who knew my name and I knew his” and how Greg was a good
buddy. The relational connection persisted across the summer when they did not
interact or communicate with each other. I replied in email to Jeff on that same day I
received his: “Jeff, do you know that I chose you to be Jefferson’s partner because I
saw that you did a really good job with Greg? You will get to work with Greg again
this year after the dance program is over.” The following year’s dance program was
on February 18, 2011. We continued with reading buddies and because of so many
requests from both the big kids and last year’s little buddies to reconnect.

Jeff used technology before thementoring experience. He played games for count-
less hours.Once I introduced the class to digital art, he had been developing his talents
in that area with quite impressive results, and his peers commend him for the qual-
ity. Prior to introductions of positive uses of technology, he only knew how to be
a consumer, primarily through online gaming. The question becomes, how do we
as practitioners and researchers, teach students to utilize technology for making a
positive difference in their own lives and the lives of someone else—for the public
good. What environments can we create to develop human connection and a solid
foundation for a love of learning and experience produced knowledge and research
produced knowledge? Even if schools do not have the flexibility to implement a
mentoring program to this extent, individual teachers can start on a small scale and
collaborate with other teachers in their building and start with one project—even if
there is little to no access to technology. Again, technology can enhance the process
and I have outlined additional benefits of introducing technology, but teaching the
core skills can still be done regardless of technology, because the core to all of this
is humanity [43, 44].

17.4 Where Next?

Technology is part of society, and it is now requiring us to look at alternate modes of
education thatwill prepare our young people for the differentworld inwhich theywill
live, while holding true to a solid foundational core and utilizing the tools available to
them with the purpose of making a positive impact on society. Several students have
voiced that this experiencewill help them know how to teach their own kids someday.
A child’s family is their first teacher. Although shaping a child’s behavioral choices
cannot rest squarely on the shoulders of educators, we can work toward creating
environments that support and allow children opportunities for knowledge acquired
through experience and research. In some cases, schools do have the ability to educate
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children and young adults about how they should behave online and it can be done
in the context of how to behave responsibly and ethically in the real world. Camilla
and Stacy’s story is not unique within this environment. Boys, like Jeff, even the
ones who have difficulties socializing with their peers, have responded positively
when they are placed in a mentor position and realize that a younger child is looking
up to them as a role model. They speak in words of “pride,” “excitement,” “time is
up already?” When someone feels a relational connection to another person and an
increased opinion of self, they tend tomore often encourage and uplift than tear down
and destroy. There is evidence of social and emotional growth and development.

This study shows what is possible in one classroom. This was a small school and
there was flexibility to re-arrange class structure and shift paradigms. Not all schools
have that option. Additionally, there are many challenges in planning and training
for the integration of a 1:1 program. There is cost involved and time, especially if
you do not have someone on site specializing in tech support. There is a major shift
in thinking that needs to occur in the parents and teachers who are used to tradi-
tional factory model systems. Traditional assessments and grading scales no longer
adequately reflect the actual teaching and learning results when implementing this
educational approach. Commonly accepted alphabetic and numeric systems based
on a 100 point scale no longer make sense for assessing creativity in developing
research, the process of solving problems, or ingenuity for identifying and locating
tools for a problem with no known solution. I would envision practitioners and edu-
cators collaborating on possible ways of assessing leaning and providing multiple
ways of assessing. I would also challenge teacher education programs to review their
methods for training teachers. What they need to teach teachers is to learn how to
set as goals for their students: “Oh! I get it! You teach the big kids, the big kids
teach the little kids, and the little kids teach the grown-ups!” I am not advocating
for eradicating memorization of core content. On the contrary, I see the necessity
for children possessing a knowledge base to provide a foundation for synthesizing,
solving, and innovating. Working memory can only hold so much information. But,
what I am advocating is a shift in the way we evaluate and assess education.

My hope is to ignite the social imagination and start conversations about what
other scenarios may be imagined utilizing a similar foundational concept with touch
and inking capable devices. Are there applications for special education, ELL, and
world languages with inking and touch devices? What other content combinations
mayworkwell? The development of specific programs for training students in digital
citizenship? Teaching children digital citizenship needs to begin with humanity in
real life before it can be transferred to a screen that hides faces and divides people
in the digital realm. These “type[s] of ‘deep learning’ are more compatible with the
needs of the knowledge-based economy and the development of the network society
than are conventional models of learning” [38] (p. 266).

The call for educational reform transcends merely being prepared to be globally
competitive. It must incorporate educating children who are prepared to reach out
and make a positive social change in humanity. This requires skills that include the
development of empathy, compassion, creativity and a sense ofmoral value. Learning
should focus on “moral purpose and process of teaching and learning, not only on the
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structure and the content of education” ([38], p. 284). Learning as a cultural process
includes complex aspects of development representing a larger human experience
regardless of gender, class status, racial, or ethnic group membership [5]. Effective
learning design in the classroom supported by touch and inking technology can
enhance these learning goals and may cultivate learning environments that foster
the development of social, emotional, and creative thought processes resulting in
a love for humanity and for learning how to help someone else succeed and grow.
These questions were core of the WIPTTE 2015 high school design challenge to
envision the possible for inking and touch as a game in the classroom.

17.5 Additional Resources

This study provided the foundation of further iterations of design based research
that was established from grounded theory. In essence, the continuation is partly my
response to my own call for future work. The underlying concept in learning design
has remained solid across time. However, these concepts have been established and
expanded to all grades Pre-K through 10th grade (being 1:1). And because of this
study, I have led professional development to train many educators. Here is where
we have come since:

An Office Mix (Mixes within the Mix allow the viewer to see device applications
in a range of grades by clicking on the image of the Mix on the slide; drawing a
blind contour on a blank slide with the rear-facing camera allows the video to be
superimposed with the drawing after recording stops to check for accuracy of line,
proportion and shape when the still life is set up behind the rear facing camera.
This was inspired by Camilla and Stacy. Architects of learning were also inspired by
Project Base Learning with Kindergarten [48].

Students designing learning is expanding to not only the ability to envision some-
thing much bigger for education where kids lead the teaching [47], but also youth
leading the way for a University-level research proposal with Surface Hub for collab-
oration, human interaction, and inking. And, yes, the big kids teach the little kids and
the little kids teach the grown-ups, now, professional development for educators to
become teacher-researchers, designing learning with inking and touch devices down
to Pre-Kindergarten.
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Chapter 18
Personalizing Student Learning Using
the MyEduDecks Application Through
Teacher Supervision and Peer-to-Peer
Networks

Radhir Kothuri, Samuel Cohen, Nicholas Wilke, and Aileen Owens

Abstract The MyEduDecks application is a pen-based digital flashcards program
coded by several students at South Fayette High School over a development period of
three years. Here we describe the results of the MyEduDecks platform when used to
aid a third-grade Technology Literacy class in the South Fayette Intermediate School.
The results show that the MyEduDecks application is well received by students and
is an effective teaching tool for elementary instructors. Our results also show that
the MyEduDecks application provides the ecosystem for an individualized learning
environment.

18.1 Introduction

The MyEduDecks application is designed for pen-based computers to recreate the
feel of traditional paper-based flashcards [2]. It includes a game-like mode, which
allows students to play flashcards, just as one would while using conventional meth-
ods. Furthermore, the interface also incorporates pen recognition features that allow
for instant gratification of students work. In addition, teachers are responsible for
creating decks consisting of individual cards. Each deck may contain cards cov-
ering individual student’s focus area needs or an entire range of class material. In
order to encompass the diversity of decks, cards are marked based on the content.
Figure18.1 shows children actively learning with the MyEduDecks platform during
a beta test. Figure18.2 shows a number of screenshots from the application. For K-12
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Fig. 18.1 A student using the MyEduDecks platform during a beta test

education, standards-based learning has become the indicator of each cards specific
content area. Our application is poised to have deep standards integration by making
it easier for the teacher to identify problem areas for students based on their level
and national standards.

In this paper, we offer the effect of this application in a third grade Technology
Literacy classroom where students are taught Computational Thinking and Global
Citizenship as part of the existing curriculum. Based on the data collected, this study
reveals insights into howMyEduDecks application can be used to foster and encour-
age a personalized learning environment. Specifically, we surmised that improve-
ments to MyEduDecks application, that allow students to create a peer network of
flashcard decks that can be shared, will promote and support peer learning networks.

18.2 Problem Statement and Context

Conventional paper-based flashcards have been a staple learning tool for student
self-study of classwork concepts for many years, and the advantages of flashcards for
reasons such as their accessibility, convenience, simplicity, and so on has encouraged
researchers to develop digital interfaces that expand upon their advantages while
alleviating their disadvantages such as the lack of dynamic feedback and the burden
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(a) (b)

(c) (d)

Fig. 18.2 Screenshots of theMyEduDecks platform. aMyEduDecks login screen. bMyEduDecks
menu screen. c MyEduDecks create deck screen. d MyEduDecks play screen

of transporting them as the amount of self-study content expands (e.g., [1]). Other
researchers have taken a different response to flashcards and provide an alternative
form of learning interaction to flashcards through writing practice (e.g., [6, 7]),
writing review (e.g., [8, 9]), or sketching design (e.g., [10]) instead of reading review
of individual concepts. While these two different types of approaches developed
ways to either expand upon or provide alternatives to flashcards for improving their
functionality, the former approach focus on a specialized domain while the latter
takes alternative approaches that do not consider existing advantages inherent with
flashcards.

The most current, popular versions of traditional flashcards are retail sets that
have the same questions and answers for every consumer. The questions are not
tailored to meet the specifications and learning curves for each individual student.1

As a result, MyEduDecks aims to fix this disparity by personalizing student learning
[3–5]. Specifically through a standards-based feature,MyEduDecks can see the areas
in which the student is struggling and then notify the instructor accordingly so that
he/she can hone in on those specific skills for the particular student. In general,
enhancing personalized learning is our main vision for this application.

1Ultimate Ink Flashcards. https://apps.microsoft.com/ultimateinkflashcards.

https://apps.microsoft.com/ultimateinkflashcards
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18.3 Methods Employed

MyEduDecks is a pen-based application that allows students and teachers to create
decks of cards that have eitherwriting or pre-formatted text as an answer andquestion.
The basis of the application revolves around the Microsoft Ink API, which allows
user to draw out their decks, and includes an ink-to-text module. The API interprets
the writing into a plain text format, which is then compared to the correct answer.
If the answer is not correct, that author receives the correct answer and the card
is moved back to the deck to be played again. Teachers can create decks through
word documents by following a simple bulleted format included with the program.
Decks can also be created by an AutoMath feature, which gives teachers the ability
to create randommath problems incorporating, addition, subtraction, multiplication,
and division. The problems are put together into a deck that can be assigned to
students, so that the teacher does not have to spend timewriting out simple equations.
When a teacher assigns a deck to a group of students, the menu screen shows which
students have completed the deck and that student’s score on the deck. There is a
built-in anti-cheat system as students can override the computer if it did not interpret
the text correctly, but the teacher gets a notification of how many times each student
used it and on which question. The teacher can use the program to test relative
understanding of the topic by checking each individual student’s scores compared
to those of the entire class. The program has the functionality to allow students
to create and share decks among themselves, creating a peer network to aid their
learning. All of this functionality comes together allowing teachers to evaluate each
student compared to a class, while creating a peer-to-peer network so that students
can share and help each other through creating new and unique decks.

The process we used for beta testing the MyEduDecks application was relatively
simple, starting with the main focus group of 3rd grade students. We contacted the
third grade technology literacy teacher,Mr. ShadWachter.We explained thatwewere
creating the beta test forMyEduDecks to target specific goals: (1) to evaluate the abil-
ity to develop card decks to help teachers differentiate learning by assigning decks to
address teaching standards, (2) to investigate the opportunity for students to person-
alize their learning, (3) to identify benefits and challenges of using MyEduDecks in
South Fayettes future 1:1 initiative using the HPRevolve Notebook-to-Tablet PC, (4)
to gather information on how students respond to the pen-based modality, and (5) to
evaluate the ease of use for teacher development of card decks. We gaveMr.Wachter
the program and a tutorial of how exactly to make a good deck of flashcards using the
MyEduDecks application. For this test we used the Word feature to turn a document
of questions into flashcards, since it is currently the easiest and fastest way to cre-
ate a deck. Mr. Wachter created three separate decks to address teaching standards
used in his classroom. Figure18.3 shows students actively studying with the digital
flashcards. The next iteration ofMyEduDecks will include options for selecting stan-
dards, so the beta test on Fig. 18.3 was designed to investigate future opportunities.
The question deck on Cyberbullying addressed National Educational Technology
Standards for Students (NETS), published by the International Society for Technol-
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Fig. 18.3 Students studying flashcards in MyEduDecks platform during a beta test

ogy in Education (ISTE). The second question deck, on Computational Thinking
concepts, addressed Pennsylvania Common Core Math Standards and NETS. The
third deck addressed Pennsylvania Common Core Standards in Math.

After Mr. Wachter created the decks we scheduled the beta test for February 27,
2015. MyEduDecks application was tested on a class of 12 students. The 12 students
were divided into three equal groups. While students worked with MyEduDecks
our team observed and guided them throughout the process and recorded what we
saw and the children’s feedbacks during the test. During this process we collected
data based on student interviews, observations, and a post survey. After each group
of students completed their first experience with MyEduDecks, we rotated students
through a short online survey and then to live interviews, to collect their input on
the process. The data from the survey is also included within this report. From the
three student groups we videotaped two groups of students responding to interview
questions as they reflected on their experience. From the data recorded, we have
identified issues and are using this information to create an improved application for
the future.
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18.4 Results and Evaluation

After analyzing the data, it is evident that the use of MyEduDecks supports a person-
alized learning environment for students. Students were divided into three learning
teams, and each team was assigned a separate card deck created by the teacher. After
the students completed their assignment using Flashcards, they completed an online
survey and then participated in a group interview to offer additional insight about
the use of MyEduDecks on their learning. The survey questions that pertain directly
to the results of the study are discussed below. To avoid confusion, please note:
This product was formerly known as Flashcards. The name was recently changed
to avoid confusion with the traditional flashcard method. The survey questions refer
to the product by its earlier name, Flashcards, because that is the name previously
introduced to the students.

Ninety-two percent of students said that they enjoyed using the MyEduDecks
application and completing the assignment that the teacher created for them, see
Fig. 18.4. Despite the occasional bugs in the program, and the difficulties some stu-
dents had using the pen, they almost unanimously liked using MyEduDecks. Several
students stated that MyEduDecks would make it easier for them to learn new words.
Another student declared that he would use MyEduDecks to work on topics that he
had trouble with until he understood them.

Fig. 18.4 Survey results for question 2
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Fig. 18.5 Survey results for question 7

The vision for MyEduDecks is that students will be able to make their own decks,
and practice the decks created by their teacher, as many times as necessary for
students to fully understand the concept. It personalizes the education of every student
to fit individualized needs. According to student surveys, 85% believe that using
MyEduDecks will help students learn, see Fig. 18.5.

The pen tablet aspect is an important part of MyEduDecks. In post interviews,
multiple students stated that they preferred to use the pen over a keyboard, since it
is faster and easier than typing. The data collected through the survey indicated that
85% of the students liked writing with the pen on the tablet, see Fig. 18.6. Typing is
unnatural for most young children, almost as strange as learning a new language. To
be fast at typing, one must have large enough hands and good fine motor skills to hit
the small keys, and most young children lack these two qualities. A pen, however,
is natural to children, as they first learn to create words by writing the letters with
a writing utensil. It allows students to complete the same assignment in much less
time than if they were to type.

As seen in Fig. 18.7 and Table18.1, 69% of students stated that they would use the
program to further their personal learning, and the remaining 31% remained neutral
on the topic. In the interview that was conducted after the beta test, several students
declared that they would use the program to advance their learning. Others thought
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Fig. 18.6 Survey results for question 8

MyEduDecks would be more effective in helping to learn information than using
already prepared paper flashcards from a store, since the purchased flashcards would
not be as tailored to their needs as the electronic variety.

In addition to students enjoying using the program, Mr. Wachter, the teacher who
participated in the beta test, spoke highly of the program in an interview after the test.
He explained that teachers would want to use the program, since students enjoy it and
it could prove to be an effective teaching tool. Also, Mr.Wachter was impressed with
how easy it was to create cards with the Microsoft Word function. He also believed
that teachers would be more willing to use the program with the Word function, for
several reasons. Most importantly, teachers already have their assessments, lectures,
and handouts created as Word documents. It is a simple process to copy from their
existing documents into the MyEduDecks format. In addition, this new iteration
of MyEduDecks has created a timesaving method by allowing the Microsoft Word
function to exist. In the first iteration teachers had to write directly onto the screen
to create dozens of individual flashcards per deck. The first iteration presented a
learning curve for the teachers, since they were not highly skilled at using the pen-
based modality on a tablet. Microsoft Word is a familiar program that most teachers
use already for their lesson plans.



18 Personalizing Student Learning Using the MyEduDecks Application … 283

Fig. 18.7 Survey results for question 12

Table 18.1 Illustration depicting partial survey summary results for all 12 student participants

I really liked
using the
pen-based
flashcards (%)

I think using the
flashcards would
help me learn
things that were
hard because I
could test myself
and practice what
I don’t know (%)

What I liked
about using the
flashcards was
being able to
write with the pen
(%)

If I could make
my own flashcard
deck I would
make my own
questions and
help improve my
learning (%)

Strongly agree 38.46 46.15 53.85 53.85

Agree 53.85 38.46 30.77 15.38

Neutral 7.69 7.69 15.38 30.77

Disagree 0 7.69 0 0

Strongly disagree 0 0 0 0
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18.5 Future Work

For future iterations and deployment, we will be recoding the application entirely,
incorporating information and suggestions gathered by the previous beta test. The
previous version ofMyEduDecks referenced in this publication is comprised of three
years of development with three separate development teams. Since this project was
initially meant to be purely educational, the product is not correctly formatted, and
includes many redundant errors. Newer versions of the MyEduDecks program are
coded with a fourth development team including former team members currently
engaged in their undergraduate studies and new students from the high school. With
the advanced knowledge and foresight to developing a full project, a much improved
version of the program will be presented at the 2016 CPTTE conference if all goes
according plan. As for future research the South Fayette School District has imple-
mented a one-to-one policy, with all of the laptops having touchscreens. The available
pool of beta testers has increased from one class to over four hundred students. Such
a large increase in the reach of the program will provide us with significantly better
data than previous tests.

As for actual major changes to the program, the new version will improve upon
the Automath and Word functionality, add the capability to save pictures onto cards,
close the separation of cards and decks, and complete reconstruction of the User
Interface and Graphical elements.
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Chapter 19
Inking Pedagogy
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Abstract Technology-enhanced instructional delivery is increasingly becoming the
norm in the delivery of the engineering curriculum. Electronic inking is one such
technology that has proven to afford enhanced learning experiences such as support-
ing note taking and sharing, including real-time distributed conversation. However,
despite its proven benefits including other classroom technologies, several institu-
tions still struggle with university-wide implementation or department-wide adop-
tion. We review the key developments that some signature engineering schools have
undertaken to foster the use of inking technology in the last two decades. We also
examine the different aspects of inking as a classroom tool that makes learning in
the 21st Century more enriching. While there are a plethora of studies that highlight
computer use or other novel technologies in education, we demonstrate a couple of
success stories and best practices for implementing inking technology in science and
engineering disciplines. Findings from the review indicate that effective integration
of inking pedagogies in delivering instruction spurs higher student engagement with
content which in turn contributes to better learning outcomes/gains.
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19.1 Introduction

Learning in the classrooms has not seen a significant revolution since the introduc-
tion of textbooks. Today, the millennial generation pride themselves in a vast array
of technology including smartphones, tablets, gamification, 3D printing, and consis-
tently working internet, among others. But engineering educators are yet to tap into
the mainstream that drives the passions of the millennial, especially with regards to
instructional technology.

Electronic inking, whether on tablets or smartboards, is one area of instructional
technology yet to be fully utilized in the engineering curriculum [22, 34]. If we
look at today’s change in the delivery of the engineering curriculum and the role of
technology in it, the growth is significant. The pervasiveness of technology in soci-
ety and its role in economic development is becoming harder and harder to ignore
[28, 29]. Electronic inking is fast becoming a norm in today’s technology-enhanced
classrooms, almost surpassing the chalkboard in terms of presenting dynamic and
complex pedagogical content [12]. According to Maclaren, Singamemni and Wil-
son [21], integrating pen-enabled technology in teaching engineering classrooms is
facilitating a rapid transformation of how content is delivered. Technology-enhanced
teaching and learning research unceasingly point to the need for more interactivity
and student engagement. Classrooms and laboratories all across the nation have been
witnessing the need for additional tools that support exploration, discovery, collabo-
ration, and invention [7, 10]. Shulman [29] adds that digital and online technologies
present an opportunity to re-examine the fundamentals of traditional pedagogy.

While there are a plethora of studies that highlight computer use or other novel
technologies in education [28], we will particularly emphasize a couple of success
stories and best practices for implementing inking technology in engineering courses.
The general prediction from several research groups point to a continued use of innov-
ative technology to improve teaching and learning; for example, the Gilfus Education
Group1 predicts a surge in tablet use as a means of implementing content delivery.

We present a case for technology in engineering, together with case study findings
from Virginia Tech, Georgia Tech, and University of Southern California, which
are among the signature engineering schools that have rigorously researched the
implications of inducting inking technology as a teaching tool in their engineering
curriculum. We trace the development of inking technology and cite the findings
of the selected case studies. Finally, we cross-referenced such literature with other
scholarly views on the role of technology, especially the instructional affordances
inking presents in the learning process.

The outlook of inking technology in engineering has been laid bare in order to
predict the most probable trend taking shape in similar degree granting programs
across most engineering schools and colleges. The positive effects these trends pose
are discussed in the concluding section of this review.

1Gilfus Educational Group, Education strategy, research and implementation; http://www.
gilfuseducationgroup.com/.

http://www.gilfuseducationgroup.com/
http://www.gilfuseducationgroup.com/
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19.2 Theoretical Framework

The researchers applied a dialectical perspective as a theoretical framework in ana-
lyzing the content data.

Noting that issues and perspectives are mutually defining, the studies cited herein
have been taken to presuppose the existence of particular ideas, theories or biases
to the extent of their systematic analyses [3]. This manuscript serves as a literature
review summarizing the results of several studies while discussing their possible
implications as explanations to the phenomenon under study [4].

19.3 Method

The study investigates the phenomenon in a qualitative approach, which is a post-
positivist naturalistic method of inquiry [6].

Through content analysis technique, thorough evaluation and discussion of the
text and context allowed for conclusions to be drawn about the characteristics of the
phenomena. Conclusions were based on the presence or absence of their ideation,
researchers’ knowledge, and published evidence. Using the inductive method, key
themes are identified and discussed as evidence of effective implementation of ink-
ing pedagogy. The emergent reconstruction and analysis of the texts provides new
insights of the problem under discussion [18].

19.4 Making the Case for Instructional Technology
in Engineering

In a fast-paced world where technology is defining almost every aspect of life, many
collegesworldwide have also turned to technology as tools to deliver their instruction.

This is because learners will soon apply to universities and online learning centers
“expecting a transformative form of education” [29]. Today’s learners have access
to so many technology-enhanced media that they tend to prefer flexibility in their
learning. Although flurries of technological discovery continually float around us, the
challenge is to harness their potential with the right tools, strategies, and practices.

Factoring particular technology properties and gearing them to the learning objec-
tives is one critical and tough approach.Melding the social and psychological dimen-
sion of new devices into traditional lecture/learning modes is another approach. But,
the caveat has always remained that for technology to enhance learning, there needs
to be a balance between instructional strategies, the technology, and the learning
goals as opposed to settling for trade-offs for one, two or none at all [15].

At the turn of the millenium, mobile learning became a phenomenon that was sure
to transform education. Many institutions of higher learning quickly embraced the



290 D. Pokorski et al.

development of the Information and Communication Technology (ICT) infrastruc-
ture to support interactive learning content, multimedia learning resources, and col-
laborative learning [19]. An example of such technology integration was elaborated
by Iding and Crosby [14], who conducted a study to gauge the impact of the affor-
dances technology tools would have on online education in Hawaii and the Pacific
Islands. The two researchers found that computer-based resources and ICT instruc-
tion enriched or facilitated the learning experience among the studied population.
They also showed that technology could be universally used to communicate to mul-
tiple audiences with variant cultures and socio-economic status (SES) as well as
“improve access to higher education” [14]. In another study, Zammit [33] noted that
a society with complex technology basically shifts the traditional definitions of liter-
acy. In the 21st Century economy, literacy will not only mean an ability to read, write
and do basic arithmetic. The new literacy basics will have to include an ability to
read, write code, as well as utilize a programing language or two. Zammit carried out
a case study research on how three teachers utilized technology to engage students in
learning instructional content. He noted how one science teacher used a whiteboard
as a projection screen to enable two planes for concurrent virtual display and actual
use for manipulating course content. The study found that using technology in the
classroom engages students in “thinking, feeling and acting at higher levels” as well
as “providing positive messages about their knowledge, ability to think, share and
exchange” ideas [33]. Information technology and its applications is fast becoming
the currency in the 21st century education economy, or so it is perceived. A study
by Lam and Tong [20] on digital devices in the classroom could not come up with
a conclusive list of pros or cons for technology in the classroom; however, they
recognized that there was a hesitation on the teacher’s part to integrate technology
in their instructional deliverables. While comparing guided use of technology versus
free use of the same, Lam and Tong found that the devices were capable of facil-
itating engagement and interactivity between teacher-student, student-student, and
student-content, making learning rich and active. The researchers also noted that
the distraction caused by the technology was equally potent concluding the issue as
complicated and “controversial” [20].

19.4.1 Inking Pedagogies

Unprecedented infiltration of technology in the education sector calls for an accredita-
tion of new teachingmethodologies.When the textbook was introduced in classroom
pedagogy, it was a novel idea.

Inking and note taking is a big selling point for Tablet PCs and theDyKnow related
software, but they seem not to be the only educational affordances that drive innova-
tion or the use of technology in the classrooms. DyKnow is an interactive classroom
presentation software. The progression of inking in the classroom discourse is now
being researched proactively. Although the technology has been around since the
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early 60s [32], it has become more ubiquitous especially in digital devices that today
sell touch-computing and pen/stylus as novel features.

In examining the competition; traditional paper has been in use for over 2,000years
because it is still cheap, light, portable, foldable, and content can be read from a wide
range of angles. Paper, in an economy agitating conservancy, has its limits. When
the world switched to the digital era; electronic paper promised a limitless land-
scape. This feature was well demonstrated by Ivan Sutherland’s classic Sketchpad
system [31].

As technology turns to touch-computing, the stylus (though not marketed well
among the Tablet PC manufacturers) is becoming a preferred input device compared
to the keyboard, mouse or joystick. The stylus allows its users to directly draw, write
or move objects in unlimited multi-dimensional ePlanes or ePaper, thus allowing
pen-based technologies to become the best choice for engineers. Inking has an effect
of immersing students into a virtual learning environment [1, 12] with unlimited
resources to work out solution or possibly branch out new discoveries. In the science
and engineering disciplines, any good strategies that will create a flipped classroom
effect is highly desirable because it allows more time to solve complex problems
collaboratively and the learning environment becomes better suited for students to
engage in innovative thinking skills, praxis, among other learning outcomes. Such
flipped or inverted classroom strategies [11, 22] inspire new thinking in instructional
delivery that in turn transforms the students’ expectation of their own learning. Inking
technology’s biggest advantage is the extensible graphical and symbolic presenta-
tions that allow users to guide learning in any direction whilst allowing the adjust-
ment of the lecture pace, tone, or complexity depending on everyone’s reaction [13].
By way of education generally moving from the lecture approach—where students
were expected to be passive listeners and active ‘transcriber’ of all the ‘lecturer’ said
in class—the inking capability enables students to contribute to the knowledge by
appending additional thoughts to their PowerPoint presentation, DyKnow notations,
or shared PDF document [11]. Such a strategy also creates more time for critical
thinking and better engagement with presented content [22, 27].

Unprecedented infiltration of technology in the education sector calls for an
accreditation of new teaching methodologies. When the textbook was introduced
in classroom pedagogy, it was a novel idea. Only the instructor had access to it and
therefore the lecture system was born. Lecturing enabled students to capture the dic-
tated content from the instructors so that they could have the learning material for
their review after class. Since then, instructors have habitually lectured even in an
age where students already have electronic access to the course content. Inking tech-
nology goes further to allow instructors and students to freely annotate, transform,
or reformulate existing course content to better fit the current social times in terms
of solving 21st Century problems. Engineering schools need to carefully align the
technologies with new learning objectives, learning outcomes as well as assessment
methods. Such benchmarking tasks lie with Accreditation Board for Engineering
and Technology (ABET), which is recognized by the Council for Higher Education
Accreditation. ABET is the body charged with providing engineering guidelines to
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educators and stakeholders. The body has indeed noted the potentials of technology
and what it can accomplish in the broader spectrum of engineering programs, but
the technology affordances must first be perceived by instructors as beneficial before
they can be effectively integrated [30]. From the discussion above, it is clear that
inking technology used effectively as a classroom tool presents various opportuni-
ties for active learning and transformative educational practices that meet desirable
21st century outcomes. We will now move on to give an overview of several Tablet
PC research studies done at the selected institutions.

19.4.1.1 The Tablet PC Case Study in Virginia Tech

Over the years, Virginia Tech has been known to be a frontrunner in terms of embrac-
ing learning innovations and inventing new technologies, especially the ones that
enhance teaching and learning [1].

The Tablet PC initiative was started at Virginia Tech in 2006 and currently
Virginia Tech College of Engineering (COE) requires that all incoming freshmen
have a Tablet PC that meets predetermined requirements. COE also offers technical
software support services along with specialized faculty training in various class-
room technologies and software. There are now various projects and longitudinal
studies being done to gauge the importance and effects of these initiatives.

Rather than institute a blanket ban for pervasive technology in classrooms, it
would do most tech savvy instructors good to incorporate structured computer
use to elicit best practices [23].

In one of the studies,Mohammadi-Aragh andWilliams [23] investigated the effect
of structured computer use in classrooms and reported on their observed experiences.
Using the action research methodology, the two researchers set to find out the effect
of the Tablet PC on instructional strategies for structured computer use in class-
rooms. The researchers then documented the instructors’ experiences and student
perceptions in one of Virginia Tech’s engineering courses. The research found that
there are best practices that can be nurtured to realize the full potential of classroom
technologies. Among the best practice examples were; collecting student generated
content and classroom polling questions, which positively contributed to higher stu-
dent engagement.

A number of other studies have also looked into the pedagogical approaches that
have been used in tandem with the technologies. In a study by Amelink, Scales, and
Tront [1], a positive impact on student learning behavior was noted where inking
pedagogy was incorporated in classroom technology. In total, 560 respondents from
first- to senior-year undergraduate students answered various questions about their
experiences while using Tablet PCs during class sessions and outside the course
schema.When the studywas conducted,Virginia TechCollege of Engineering (COE)
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was four years into the process of using mandatory Tablet PC requirement for all
freshmen. COE had also ensured that supporting software and network infrastructure
allowed students to participate in class activities and presentations. Through this
study, the three researchers found that overall; there was statistical significance and
a positive relationship when student use of the Tablet PC was correlated with their
learning behavior. The study also revealed that peer collaboration,metacognitive self-
regulation, organization, and critical thinkingwere among the learning behaviors that
were enhanced through exposure to inking technology in instruction.

19.4.1.2 The Tablet in Georgia Tech

AtGeorgia Tech, therewas a study conductedwith the Tablet PC to evaluate students’
attitudes about technology in pedagogy.

Prior to introducing Tablet PCs in research initiatives between 2006 and 2008,
Georgia Tech had already been experimenting with other digital inking and presen-
tation tools such as the Elmo, SmartBoards, Classtalk, ClassinHand and WIL/MA
which are technologies geared to improve student learning [25]. Thus, the Tablet
PC initiative was just another tool that may be used to develop novel educational
pedagogy.

Moore andHayes [24] exposedGeorgiaTech instructors and students to classroom
technology to investigate whether the Tablet PC and the DyKnow software would
foster active learning or greatly improve instructor-to-student or peer-to-peer inter-
actions. The researchers also intended to gather useful insight that could be used to
improve distributed learning in synchronous and asynchronous environments. While
admitting that it is a challenge to evaluate the impact of classroom technology on
students in general, the researchers factored in wild card effects of novelty and dif-
ferences between groups to get a fair assessment from the respondents. The results
indicated that interaction in class improved with the use of the technology whereby
instructors made heavy use of the inking technology especially in assessing student
submitted panels which they found to be an “essential feature” [25]. The students’
assessment of the Tablet PCs averaged ‘Very Good’ and ‘Excellent’ especially citing
how the DyKnow software enabled them to scroll back previous slides and inter-
act/annotate the presentation as well as play-it-back after class [25].

It is noteworthy that there was overall agreement that students engaged in active
learning despite the frequency for note taking during class dropping from 5.41 pre-
survey, to 3.76 mid-survey, and 3.70 post-survey. The researchers also found that
students preferred digital inking to solving classroom exercises and performing other
input operations on their Tablet PCs. The feature seemed to have solved an earlier
challenge in the basic management of other classroom assessment activities such as
in-class polling, interactive snap quizzes and exams [25].
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19.4.1.3 Use of Inking Technology in California State University

Inking in education has all the features traditional paper has and one poignant advan-
tage: interactivity. It is this feature that researchers at California State University
investigated.

Price and Simon [26] investigated how three physics instructors integrated digital
inking in their lectures. The researchers looked at how the instructors organized their
materials, and the ways in which they inked and interacted during a typical class-
room activity. They evaluated the final forms of the slides that were later posted on
the web for student references and drew conclusions from post-hoc discussions with
the instructors on their classroom activity sessions. The research picked up general
educational affordances that inking provided the students, among them: spontaneous
augmentation of prepared material, guided attention, natural pacing, and finally elec-
tronic archiving.

In thisCaliforniaStateUniversity study, it is clear that inking technology appraised
the manner in which classroom activity flowed with the technology and at times aug-
menting active learning. The instructors in this study integrated the traditional con-
tents of their introductory physics lectures with technology to effectively deliver
instruction. Yet the pedagogical rationale remains to be drawn for the usage of
such technology in advanced engineering classes. Pedagogical traditionalists are
still determinedly using their tried-and-testedmethodologieswhile innovators cannot
seem to push through the perceived benefits of re-engineered classroom technology.
The fundamental issue therefore boils down to pre-existing conditions, instructional
activities, and program goals to capture the transformational aspect of technology in
education [20, 21].

However, questions have been posed as to the real nature of the problem. Accord-
ing to Moore and Hayes [24], among the issues still sticking out include:

• Poor delivery of lecture
• Need for instructors to unlearn traditional teaching methods
• Lack of adequate technology infrastructure and support
• Technology-instructor-student needs mismatch
• Lack of time and incentives for student and instructor innovators …

From the schools examined, though their contexts varied, all the studies indicate
that the effectiveness of how the instructors used the inking technology depends
more on how they deployed the technology affordance in accordance with their
pedagogy. Student learning has been noted to have improved or become more active
with a promise of better learning of complex science and engineering content using
alternative or innovative teaching methods.
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19.4.2 Examples of New Pedagogies Using Inking
Technologies

Polling features, level of student understanding status query, or group activities are
some of the added strategies instructors can use to quickly conduct a formative
assessment of student knowledge of the content.

19.4.2.1 Northern Arizona University

Because of inking technology’s instantaneous multi-directional input capabilities
(i.e., from both teachers and students); classroom activities and instruction can be
designed in such a manner that allows for collaborative effort on learning.

Co-creation of knowledge is an emergent format in pedagogy especially with the
constructivist school of thought. Inking technology allows for both instructors and
students to create knowledge and drive learning content as they experience it. In this
new school of thought, the traditional role of teacher-student interaction is flipped
to include enhanced student-student, teacher-student, and student-content interac-
tion whereby even the students can initiate and direct their learning independent of
classroom expectation using all manner of technology tools [11, 20]. Because of ink-
ing technology’s instantaneous multi-directional input capabilities (i.e., from both
teachers and students); classroom activities and instruction can be designed in such a
manner that allows for collaborative effort on learning. Using modules created with
Tablet PCs and Camtasia Studio—which is a screen capture and recording software,
Frolik et al. [11] conducted a study and assessed a hybrid, online/in-class course
developed at multiple universities. The study was carried out in Northern Arizona
University and University of Vermont where wikis were utilized in the flipped class-
room format. The researchers set to find out how students would gauge the quality of
the learning content, its delivery, and their engagement levels. Wikis, for example,
had been built into the modules and implemented in the flipped classroom to also
allow students capture their ideas on the go. The study found that student engage-
ment improved because they had more time to interact with the content, while the
instructors appreciated the wiki flexibility which allowed for the generated content
to support, supplement, or provide new viewpoints to the core course material [11].

Inking-capable classroom technologies such as DyKnow, Centra, eLectureTools,
and Classroom Presenter have been transforming how instruction is delivered with
very positive results in terms of active engagement while fostering meaningful learn-
ing [9, 22]. They are best placed to allow instructors deliver content dynamically
without the common rigid and time-bound traditional lectures that limit adequate
inquest of complex content. Pre-canned formula derivatives, or complex diagrams,
can be presentedwith these eLecture toolswhile affording the instructorswith an abil-
ity to annotate additional information. The dynamic nature of such flipped lectures
also allows for appropriate assessment and active learning activities to be embedded
in their design. Polling features, level of student understanding status query, or group
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activities are some of the added strategies instructors can use to quickly conduct a
formative assessment of student knowledge of the content.Misconceptions and exist-
ing knowledge gaps can be identified and dealt with in real time. While discussing
digital lofts as a means of gaining formative feedback in learning environments,
Easterday et al. [9], contend that by developing scalable, efficient, and innovative
design-based learning, today’s technologies can transform the learning process. Such
authentic assessments also enable meaningful instructions and reflections that enrich
the learning experience.

19.4.2.2 University of North Carolina Case Study

Dr. Russell Mumper from the University of North Carolina flipped a first year course
by offloading his lectures to online self-paced videos using Lecture Capture—a
component tool developed by echo360.

He then dedicated the rest of the class meetings for active engagement exercises
using one of the inking-capable classroom technologies; the eLectureTools—also
packaged with echo360. The prevailing argument was that such colossal course
remodeling was informed by the “desire to transform the educational experiences”
of his students [22]. The result was that the students were fully engaged throughout
their learning experience and were afforded sufficient time to activate higher-order
thinking skills in their problem solving activities. Effective implementation enabled
learning to occur aswe see knowledge being co-constructed by the studentswhen they
engage in solving problems through their own experiences with the teacher, the con-
tent, and the technology [8]. Research has continuously suggested that design-based,
autonomous or semi-autonomous instructional experiences create better opportuni-
ties for self-directed learning and innovation [16]. Re-inventing the class exercises
and activities while tailoring the course content to accommodate inking, among
other technologies, is a brave way to break old lecture habits such as the use of the
chalkboard or stoical hour-long PowerPoint presentations.

19.4.3 Innovating a Way Forward

In addition to trying out innovative pedagogies, assessment and evaluation methods
need to change for effective implementation of inking technology.

Zhao et al. [34] directly ask: why don’t teachers innovate when they are
given computers? There are numerous factors that have been listed to answer
this question; from technology incompatibility, to traditionalist versus progres-
sive wars, to disruptiveness and unreliability of technology, or mismatched
instructional goals with institutional policies, and so forth [21].
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The reality in most colleges and universities is that technology is slowly creeping
into the classrooms [2, 17]. From the cases reviewed, it is apparent that inking peda-
gogy can enhance and add value to the delivery of the engineering curriculum, more
so, when both instructors and students take great advantage of the multi-directional
content transaction. In the cases examined, the successful implementation of inking
was due to system wide cultural changes. For example in the case of Virginia Tech,
there was a mandatory Tablet PC requirement with support services.

While investigating the role organizational culture and usability have on instruc-
tional technology acceptance, Kothaneth [17] found that the general barriers such
as technological complexity, lack of time among other resources, and lack of per-
ceived values have been cited in numerous studies over an extended period of time.
Key among Kothaneth’s recommendations was to encourage faculty to align their
teaching methods with the institutions long term planning processes, redesign train-
ing modules in professional development, and provide ample incentives that would
encourage technology experimentation in the classroom.

Other initiatives should also be considered which may mitigate perceived bar-
riers to using technology, or increase the early adopter quota and drive ubiquitous
technology use in education [1, 12, 17]. Rather than institute a blanket ban for per-
vasive technology in classrooms, it would do most tech savvy instructors good to
incorporate structured computer use to elicit best practices [23]. While discussing
the success factors that impact classroom technology innovations, Zhao et al. [34]
directly ask: “why don’t teachers innovate when they are given computers?” There
are numerous factors that have been listed to answer this question; from technology
incompatibility, to traditionalist versus progressive wars, to disruptiveness and unre-
liability of technology, or mismatched instructional goals with institutional policies,
and so forth [21]. Many also attribute the lackluster uptake of inking technology
into instructional design to old habits dying hard whereas Zhao et al. [34] argue that
such factors are mostly never related to other operationalizing precedents; or cross
referenced with the inter-dependability and relationships the factors imbue on all the
key players. It is high time engineering educators addressed all issues holistically.

In addition to trying out innovative pedagogies, assessment and evaluation meth-
ods need to change for effective implementation of inking technology. Along with
emphasizing interactive dialogue between the student-content-teachers and technol-
ogy; educators need to be cognizant of several success factors including but not
limited to technology affordances, learner predispositions, and instructional design
[13, 17, 30]. Authentic assessment, portfolios, reflective journals and wiki questions
are among the diversified assessment methods that need to be integrated with the
classroom technologies whereby instructors and students will see the need for ink-
ing in such classroom activities [11]. Most engineering schools are leaning toward
a learner-centered approach where inking technology will be integrated into active
learning involving complex science problem solving, collaborative interaction and
team work, and innovative thinking skills. Knowing that learning and retention is
related to the depth of mental processing [5], it would make better sense to actively
engage engineering learners with instructional content integrated with the ‘language’
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millennials understand best; technology, and in our case, inking as an instructional
technology strategy.
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Chapter 20
Impact of Undergraduate Tablet PC Use
on Retention in STEM Majors

Carla A. Romney

Abstract Educational institutions face unrelenting pressure to incorporate the latest
technology into their classrooms. U.S. higher education has been adopting computers
to augment the in-class learning experience. Anecdotally, computers (PC and Mac
architectures) and tablet devices (iPads, smartphones, and tablet PCs) have been used
in a myriad of settings for interactive polling as means to increase student partic-
ipation and engagement. To date, other uses of computers and tablet devices have
taken hold in project-focused or problem solving-oriented small classes rather than
in large lecture classes. Undergraduate mathematics classes seem to be a natural fit
for introducing tablet devices as many students find it easier to handwrite mathemat-
ical notation than to use a keyboard. This study investigates the impact of a tablet
PC implementation in undergraduate college algebra and trigonometry (CAT) on
student performance and retention in science, technology, engineering, and mathe-
matics (STEM)majors. This longitudinal project explores the effect of Tablet PC use
in an important gateway course for freshmen who intend to major in a STEM field.
Five important metrics were assessed: class attendance, class performance, instructor
evaluation, retention in STEM, and persistence to graduation. The CAT course was
taught by the same instructor as a conventional CAT lecture class from 2005 to 2007
using the same textbook, secure exams, and grading rubric. This structure provides
a reasonably well-controlled setting in which to assess the impact of tablet PCs on
retention in STEM.

20.1 Problem Statement and Context

While the K-12 world has embraced educational technology such as tablets quite
readily, U.S. colleges and universities have been slower to do so. The 2014 Pearson
Student Mobile Device Survey found that 45% of surveyed students in an institution
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of higher education now own at least one tablet device and they see these devices
as valuable for educational endeavors [4]. Similarly, this report indicates that more
than 60% of college students believe that tablet computers help them to study more
efficiently and perform better in their classes [4].

Several recent studies have investigated the impact of computer use on student
learning outcomes. For example, Mueller and Oppenheimer reported that students
who handwrote lecture notes scored better on tests containing conceptual questions
than did students who typed notes on a laptop and they speculated that the extra
processing required to distill the essence of spoken comments and translate it into
notes may help students encode the information in a way that improves conceptual
understanding [3]. Evidence for a positive impact of computers in the classroom
stems from studies by Saunders and Klemming [9], Samson [8], and Zhu et al. [11],
which show that students’ use of computers or tablet devices in instructor-designed
activities that are connected to course learningobjectives canyield benefits in learning
and engagement.

Despite these studies that support computer implementations in a variety of higher
education settings, college faculty have not incorporated computers, and specifically
tablet devices, into their teaching repertoires as quickly as might be expected based
on their students’ rapid uptake of these devices. Typing difficulties or note-taking
(inking) challengesmayhave hindered the acceptance of these devices [10].Concerns
about student inattention and distraction due to competition from online lures such as
social media websites, email, and games may also be responsible for the reluctance
to use tablets in class [7]. Adopters of tablet devices in the classroom counter these
claims by arguing that effective teaching with tablets promotes student engagement
and participation [7].

This study was designed to better understand the impact of the use of tablet PCs
on undergraduate performance in a gateway course for STEMmajors and, ultimately,
retention to graduation in a STEM discipline. Many studies have shown that reten-
tion in STEM is strongly influenced by academic performance in the introductory
mathematics course sequence [1] and persistence to graduation and on-time gradua-
tion have also been correlated with performance in freshman year math classes [2].
The investigation of the role of technology-enhanced learning in promoting STEM
retention and persistence is central to this project.

20.2 Method Employed

As described in earlier publications [5, 6], a dedicated Tablet PC classroomwas initi-
ated at Boston University (Boston, MA) with 16 student Tablet PCs and 1 instructor
Tablet PC that used the Microsoft Windows XP Tablet PC Edition 2005/Version
2002/Service Pack 3. Classroom Presenter 3.0, a software package produced and
freely distributed by the University of Washington, was used to permit real time bi-
directional data transfer between the instructor and students. The instructor’s Tablet
PC was connected to an LCD projector to display the lecture slides. The instructor
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also simultaneously used Camtasia Studio 5.0 to produce videos that consisted of
the instructor’s annotated slides, all student work viewed in class, and completely
synchronized audio that captured all instructor and student comments. The videos
were produced as Adobe Shockwave/MP4 files and were posted on the class website
immediately after each session.

A well-matched comparison group design was employed to assess the impact of
tablet PC use in the CAT course. Specifically, 53 students enrolled in the non-Tablet
PC CAT course in 2005, 2006, and 2007 and 48 students enrolled in the Tablet PC
course in 2008 and 2009 took part in the study. These cohorts are well matched
academically: the final GPA at graduation for the non-Tablet students was 2.76 and
theGPA for Tablet PC studentswas 2.77 (not significant). TheCAT coursewas nearly
identical other than the use of the Tablet PCs and the posted lecture capture material.
For example, the same instructor taught the course using the same textbook, same
assignments and grading rubric, and same secure comprehensive final examination.

20.3 Results and Evaluation

Class attendance and class performance were the first indicators of impact that were
assessed. Attendance was 96% for the non-Tablet PC classes and 99% for the Tablet
PC classes (not significant). Class performance was slightly better for the Tablet PC
classes: there were 3 withdrawals and 5 grades below C- (out of 48 students) and 5
withdrawals and 8 grades below C- in the non-Tablet PC classes (significant at p <
0.05 by χ2 test).

The short term impact on student learning outcomes, while not dramatic, did
persist. As shown in Table20.1, student retention in STEM was higher and average
time to graduation was lower in the Tablet PC group.

The last student in the pipeline to graduate from these study populations completed
her studies in September 2014. Thus, data collection and analysis for this portion of
the study are now complete.

In addition to direct assessment of grades, attendance, and retention to graduation
in a STEMmajor, the utilization of the course website was also analyzed.While there

Table 20.1 Retention and time to graduation for non-Tablet PC and Tablet PC classes

Retention in STEM Non-Tablet PC Tablet PC

After 1 semester 93% 98%

After 1 year 49% 74%

After 2 years 33% 63%

Until graduation 33% 63%

Average length of enrollment
until graduation

4.23 years 4.07 years
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was a transition in learning management websites from CourseInfo to Blackboard
at the same time as the transition between the non-Tablet PC and Tablet PC classes,
both systems allowed access to posted materials with comparable ease. Interestingly,
there was a difference in students’ utilization of the course website in the non-Tablet
PC and Tablet PC cohorts. Since the instructor used lecture capture for the Tablet
PC classes but did not have access to this technology for the non-Tablet PC classes,
the students in the Tablet PC classes had access to video recordings of the class
sessions and could view them as desired. On average, students in the Tablet PC
classes accessed the course website 4 times more frequently than did students in the
non-Tablet PC classes. The reason for this difference has not been identified.

The instructor course evaluation data were additional important indicators that
were examined to assess the impact of using Tablet PCs in CAT classes. The students’
evaluation of the course was not significantly different. On a scale of 1 (low) to 5
(high), the course received an average score of 4.66 in the Tablet PC format and 4.83
in the non-Tablet format. This difference is not statistically significant.

20.4 Future Work

An initial barrier to the adoption of tablets in higher education was cost, but this
obstacle is becoming now surmountable. Tablet devices seem to be a platform that
is here to stay; mobile computing technologies provide constant connections to the
world of information. Since current and prospective college students today have
experienced tablets during their precollege education, the impetus grows stronger
for higher education faculty to imbue their classes with these devices.

While data collection on the students who took the CAT class between 2005 and
2009 is complete insofar as they have finished their undergraduate enrollment at the
University, there are several additional analyses that are planned. For example, no
effort has yet been devoted to determining the post-graduation STEMand non-STEM
career paths of the students who participated in this study. Additional future activities
include:

1. using social media (Facebook, LinkedIn, and others) to find out the career paths
of graduates;

2. surveying graduates using alumni email addresses to determine career paths and
memories of their introductory math experience;

3. determining impact of CAT course in Tablet/non-Tablet format on performance
in next math class.

In addition, little evaluation of the impact of teachingwith tablets on the classroom
instructor has been undertaken, so best practices have not been developed or shared.
Since other faculty members have used this classroom technology and colleagues
have launched related efforts using smartphones and iPads, it is important to study
the impact on faculty workloads, professional development, and satisfaction with the
classroom setting.
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As technology becomes increasing prevalent in everyday life, faculty members
must consider how to align their content, pedagogy, and technology use to create an
optimal learning environment for their students.
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Chapter 21
Analysis of Student Perspectives on Using
Tablet PCs in Junior and Senior Level
Chemical Engineering Courses

Enrique Palou, Zaira Ramírez-Apud, Nelly Ramírez-Corona,
and Aurelio López-Malo

Abstract The How People Learn framework was used to redesign one junior-level
chemical engineering course entitled Kinetics and Homogeneous Reactor Design
(seventh semester) as well as two senior-level courses, Catalysis and Heteroge-
neous Reactor Design (eighth semester) and Process Dynamics and Control (ninth
semester). Our goal was to improve chemical engineering teaching and learning by
creating high-quality learning environments that promote an interactive classroom
while integrating formative assessments into classroom practices by means of Tablet
PCs and associated technologies. In order to examine how students perceived the
use of Tablet PCs and associated technologies, we conducted semi-structured inter-
views with students that had completed the course sequence. The analysis indicated
a number of themes that consistently appeared within the interview sessions and
were addressed by students from different viewpoints. Five overall themes emerged:
student experience in using Tablet PCs, impact on learning, potential of Tablet PCs
and associated technologies, formative assessments, as well as advantages and dis-
advantages of using the Tablet PC in studied classrooms. This paper reports upon the
themes identified in the analysis of the results from the semi-structured interviews.
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21.1 Problem Statement and Context

Universidad de las Américas Puebla (UDLAP) is a Mexican private institution of
higher learning committed to first-class teaching, public service, research and learn-
ing in a wide range of academic disciplines including business administration, the
physical and social sciences, engineering, humanities, and the arts. Since 1959, the
SouthernAssociation ofColleges andSchoolsCommissiononColleges (SACSCOC)
has accredited UDLAP in the United States.

21.1.1 Description of the Studied Courses

The studied course sequence consisted of a junior course entitledKinetics andHomo-
geneous Reactor Design (seventh semester) as well as two senior courses, Catalysis
and Heterogeneous Reactor Design (eighth semester) and Process Dynamics and
Control (ninth semester) for the chemical engineering undergraduate program at
UDLAP, which is accredited by the Consejo de Acreditación de la Enseñanza de
la Ingeniería (CACEI), which is the Mexican peer-accrediting agency to the USA
ABET. Due to the small class size involved in our study (three students were the
entire cohort), we were able to give each student a Tablet PC, and so they were using
the tablets not only in the Tablet PC based learning experiences in the redesigned
courses but for their everyday activities and other courses during three semesters.

Our goal was to improve chemical engineering teaching and learning by creat-
ing high-quality learning environments that promote an interactive classroom while
integrating formative assessments into classroom practices by means of Tablet PCs
and associated technologies [10, 15].

In the studied courses, we mainly utilized three Tablet PC associated technolo-
gies, OneNote [18], InkSurvey [14], and Classroom Presenter [4] to gauge student
learning in real time, provide immediate feedback, and make real-time pedagogical
adjustments as needed, especially in the redesigned problem-solving learning envi-
ronments [11, 13]. Many specialized software packages were installed on the Tablet
PCs. Detailed information is available elsewhere [10, 11, 15].

21.1.2 Redesign of the Studied Courses

The studied courses could be improved by taking into account technological advances
and recent research on human learning and cognitive processes that underlie expert
performances [10, 11, 15]. An organizing structure used to redesign the courses
was the How People Learn (HPL) framework [6, 7], which suggests that we ask
about the degree to which learning environments are: (a) Knowledge centered, in
the sense of being based on a careful analysis of what we want people to know
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and be able to do when they finish with our materials or course and providing them
with the foundational knowledge, skills, and attitudes needed for successful trans-
fer; (b) Learner centered, in the sense of connecting to the strengths, interests, and
preconceptions of learners and helping them learn about themselves as learners; (c)
Community centered, in the sense of providing an environment, both within and out-
side the classroom, where students feel safe to ask questions, learn to use technology
to access resources, and work collaboratively, as well as being supported to develop
lifelong learning skills; and (d) Assessment centered, in the sense of providing mul-
tiple opportunities to make students’ thinking visible so they can receive feedback
and be given chances to revise [6, 7, 10, 11, 15]. These four overlapping lenses are
useful for analyzing the quality of various learning environments. Balance among
the four lenses is particularly important to create high-quality learning environments
[6, 7, 15].

We also needed to understand the kinds of skills, attitudes, and knowledge struc-
tures that support competent performance. Thus, for the redesigning of studied
courses, similarly as previously described [10, 11, 15] we “worked backwards”
as suggested by Wiggins and McTighe [19] taking into account Jenkins model [12]
as well as the HPL framework [6, 7]. Our redesigns involved a transformation of
studied course from a lecture-based format to a “challenge-based” format.We use the
term “challenge-based” as a general term for a variety of approaches to instruction
categorized as inductive learning that many have studied such as case-based instruc-
tion, problem-based learning, learning by design, inquiry learning, and anchored
instruction. There are important differences among these approaches, but important
commonalities as well [15]. We used the HPL framework as a set of lenses for guid-
ing the redesign of the lessons, development of our challenges but also the overall
instruction that surrounded the challenges [6, 7, 10, 11, 15]. As described elsewhere
[10, 11, 15], particularly important were opportunities to make students’ thinking
visible and give them chances to revise; we also noted the importance of provided
opportunities for “what if” thinking, given variations on the challenge and for new
problems that also involved the lessons’ concepts. Detailed information is available
elsewhere [10, 11, 15].

In an increasingly collaborative, mobile and globally inter-connected environ-
ment, UDLAP envisions ubiquitous computing as a natural, empowering component
of every teaching, learning, and research activity. UDLAP is committed not only to
adopting and adapting technologies to all its scholarly endeavors, but also to playing
an active role in their development [10]. Tablet PCs combine a standard notebook
computer with a digitizing screen and a pen-like stylus device to produce a computer
that allows ease of input of natural writing and drawing. Pedagogically, applica-
tions for the Tablet PC include lecture/presentation enhancement, problem-solving
demonstrations, active learning support, guided brainstorming, reading, comment-
ing, marking-up (providing feedback), and grading of student work.

A review of the current literature [4, 10, 11, 14, 15, 18] supports the follow-
ing advantages in using a Tablet PC: First, digital ink enables instructors to write
“on the fly” during class as one would write on a chalkboard or on a transparency.
This is especially meaningful for engineering and science courses where examples
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and explanations are often mathematically and graphically intensive. Second, the
freedom of marking-up significantly changes the way students and teachers interact.
It facilitates bidirectional sharing of information, moving students beyond merely
observing presentations to interacting with the material, the teacher, and each other.
In addition, the use of Tablet PCs supports more efficient management of informa-
tion. Dynamic working notes can be saved in a searchable format, while lecture notes
with vivid annotations become available for students’ online viewing.

Vast amounts of educational and psychological research support the efficacy of
both active learning and frequent real-time formative assessment in improving learn-
ing [10, 11, 15]. We utilized InkSurvey, a web-based tool developed specifically
to allow an instructor to pose open-ended questions to students during class and
receive real-time student responses [14]. Students utilized Tablet PCs to respond to
these questions with their own words/sentences/paragraphs entered manually via the
keyboard, or with digital ink that allows handwriting, sketches, equations, graphs,
chemical structures, derivations, etc. Confidence level can be included if desired (as
was our case). The instructor received an instantaneous compilation of web-based
student responses [10, 14, 15].

A variety of Tablet-PC-compatible tools are being utilized to facilitate communi-
cation within the classroom, such as Classroom Presenter. We identified classroom
assessment techniques (CATs) appropriate to each section of the courses and then
adapted them into the Tablet PC/Classroom Presenter environment. The instructor
also made use of CATs that are already features within Classroom Presenter, like the
polling features [4]. Instructor utilized CATs to gauge student learning in real time
and made real-time pedagogical adjustments as needed. Classroom Presenter can
broadcast the presenter’s screen content to the entire class using wireless networking
[4]. In this mode, students were able to receive the application output and instructor’s
annotations aswell as add their own notes to every course presentation [4, 10, 11, 15].

One type of sequence of the activities realized by the students using the Tablet PCs
was that the teacher using InkSurvey orClassroom Presenter posted a question (from
a previous semester quiz or exam) about a particular topic. The questions were asked
mainly: (i) before class began, in order to reveal the students’ prior knowledge about a
specific topic and/or (ii) at the end of the class, to know howmuch they learned about
a topic. Once students received the questions on their Tablet PCs, they wrote their
answers and then sent themback to the professor’s Tablet PC. Students utilized Tablet
PCs to respond to the challenging questions (posed by the instructor) manually via
the keyboard orwith digital ink. The instructor received an instantaneous compilation
of web-based student responses. Then she displayed selected responses to the rest
of the class on the classroom presentation screen to make students’ thinking visible
and give them chances to revise, as well as to provide opportunities for “what if”
thinking, given variations on the challenging question [10, 11, 14, 15].

Further, in response to students’ answers (and sometimes students’ questions),
the instructor and/or the students would provide feedback, comments, and/or change
instruction accordingly. The objective of such exercises with InkSurvey and
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Classroom Presenter was to (by means of these formative assessments) enable stu-
dents to acquire skills and knowledge that would be useful for their formal summative
assessments, because finally, the questions asked in these exercises were very similar
to those that would appear in quizzes and exams during the semester, which had a
direct effect on their final grade [10, 11, 15].

21.2 Method Employed

In order to examine how students perceived the use of Tablet PCs and associated tech-
nologies, we conducted semi-structured interviews (lasting on average 40min each)
with students (one man and two women) that had completed the course sequence.
These studentswere the original class size at the beginning of the study.Audio record-
ings were transcribed and then analyzed. We developed codes inductively through
the data and based on relevant literature [5, 9, 17]. At the beginning, broad codes
associated with responses from graduate students in a previous work [11] were uti-
lized, and then a set of finer-grained codes emerged from the data. Examples from
this subset of fine-grained codes will be presented in the following sections.

21.3 Results and Evaluation

Comparison of student performance with and without Tablet PCs by using studied
courses’ historical final grades (in our university grades are on a scale from 0 to
10 with a minimum undergraduate pass grade of 7.5) for the previous five years as
control indicated an increase from 8.12± 0.16 to 8.95± 0.45 for the first studied
course (Kinetics and Homogeneous Reactor) and from 8.22± 0.19 to 8.84± 0.49
for the three studied course sequence. In other undergraduate and graduate courses,
the formative assessment exercises performed with the Tablet PCs and associated
technologies had a positive impact on the grades of summative assessments [10, 15].
Qualitative analysis indicated a number of themes that consistently appeared within
the interview sessions andwere addressed by students fromdifferent viewpoints. Five
overall themes emerged: student experience in using Tablet PCs, impact on learning,
potential of Tablet PCs and associated technologies, formative assessments, along
with advantages and disadvantages of using the Tablet PCs in chemical engineering
classrooms as well as in other courses. Results obtained previously from graduate
students are available elsewhere [11].
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Table 21.1 Selected phrases from students’ quotes about their experience using Tablet PCs

Before After

At first I took my notes in my notebook and did
not use the Tablet…sometimes it is hard

It helped me a lot to visualize the things that
the instructor was trying to convey

At first I did not like to use it, even didn’t
turned on the Tablet

I liked so much that nowadays I do not want to
return it

It was hard, I actually used my laptop I can say that in the end it really was a very
useful tool

At first it was a bit tricky, because we were not
used to working with the subtleties of the Tablet

It was more dynamic…In the end it was a very
enriching experience for me

At first it took a bit of work to adapt especially
to specific software, being able to manage
several software and take notes with the tablet

It was very convenient because you could have
your files, you could write in many apps and
save all your files and have them for study…

21.3.1 Student Experience

The undergraduate students expressed having at first, some difficulty (or reluctance)
to use the Tablet PCs (Table21.1), but later commented that based on the experience
gained during the time they used it (three semesters), they found it not only very
useful, but most of the comments consider that it was a very enriching experience
that enhanced their learning as can be observed in the selected quotes presented in
Table21.1.

Our undergraduate student participants noted that the use of a Tablet PC in class
leads to greater participation, due to the interaction with the teacher and peers; simi-
larly, students mention that using the Tablet PC encouraged participation in the stud-
ied classrooms and allowed them anonymity that gave them confidence to respond
without fear of being embarrassed for not giving a “correct” answer. A recurrent
theme was how they developed Tablet PC and associated technologies’ expertise
over three consecutive semesters.

21.3.2 Impact on Learning

Undergraduate students commented that using the Tablet PC affected how they man-
aged and obtained information during class to favor their learning. They think that
using the Tablet PC in the classroom had a favorable impact on their learning, espe-
ciallywhen comparing themselves to students that didn’t have a tablet in other courses
(than the redesigned). Further, they mentioned that taking notes in addition to the
information provided by the instructor supplemented the ideas taught in the course.
Those ideas were then easier to remember because the technology allowed them to
record important cues to help them learn. Selected words or attitudes expressed by
students taken from their actual quotes are presented in Table21.2.
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Table 21.2 Selected words/attitudes and quotes related to students’ perception about Tablet PCs’
impact on learning

Words/Attitudes Fragments from students’ quotes

Easier …it was easier to learn…

…the easiness to work with so many software that the Tablets have…

Helpful I am very visual so I understand by means of images and formulas, so it
made it easier and helpful for me.

…you become skillful

Quicker …you are able to understand more than from a whiteboard

Dynamic …because of the software installed in the Tablets …

Work faster I do not know if I learned better …but it felt that my learning was much faster

21.3.3 Potential of Tablet PCs

It is important to remember that the undergraduate student participants utilized the
tablets not only in the Tablet PC based learning experiences in the redesigned courses
but for their everyday activities and other courses during three semesters. Thus,within
this category, several comments were made with regards to the software, whether it
was useful for courses other than the redesigned, or if they consider any other use for
tested software in redesigned classrooms. It was observed that the students tried to
potentiate the uses of their Tablet PCs, using software that was already installed in the
Tablet PCs as well as some others that they asked to be installed for both academic
and recreational aspects. Being able to develop formulas, chemical structures, make
notes, solve cases, exercises, etc., in any of the software used in class (OneNote,
InkSurvey, and Classroom Presenter) both individually and in teams, allowed for a
greater understanding of the topics discussed in class.

On the other hand, graduate students that only had the Tablet PCs in a particular
course [11], noted that the use of the Tablet PC in the classroom increased their
motivation andparticipation, however, they thoughtTablets havenot been “exploited”
enough. They considered the potential of the Tablet PC as great, as long as its use is
maximized and similar activities are implemented in most courses. Undergraduate
students mentioned that collaborative work and communication is streamlined using
the Tablet PCs and associated technologies as can be observed (Table21.3) in the
fragments of student quotes that arose from the interviews.

21.3.4 Formative Assessment

Undergraduate students commented that Tablet PCs and associated technologies
offer the possibility of real-time feedback, which allowed them to make their think-
ing visible and had the opportunity to revise their ideas immediately. Real-time
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Table 21.3 Selected fragments from quotes related to students’ perception about the potential of
Tablet PCs

Potential Fragments from students’ quotes

Had on hand required software All the tools you need for class were in the Tablet PC

Performed many simulations using
different software

Used OneNote for all my notes

It was easy to learn new software, you just needed time to
try it

All the exercises that I did by hand then I simulated them
by means of the Tablet PC

Solving exercises and then many software such as Excel
…also used MATLAB, polymath, and Aspen

Able to use it in exams or exercises It was useful to perform more examples

It was very convenient
It has tools like colors
It takes less to write something as a
formula

We could even write on the same screen as a team
The thing that you can find your mistakes or your
assertions in a problem was very helpful to me
Activities were easier

It really works as a library or as
your notebook

You can have all your books, your notes and everything

Table 21.4 Selected fragments from quotes related to students’ perception regarding formative
assessments by means of Tablet PCs

You can compare with responses from classmates
and see if you were wrong…
I had the actual examples, then no detail escaped me

Teacher made us see our mistakes.
Helped me to learn better
Studying was much easier

I understand better when someone is telling where
to look, here is wrong!

Very helpful, we could see all the answers

You can make notes that are easier to study You can see what the other classmates did

I feel that learning is individual …Tablet facilitates
learning

You develop many skills

Feedback was one of the parts that I very much liked
of the Tablets

You can easily find your mistakes in a
problem

feedback on the exercises performed in redesigned classes was very helpful for them.
Anonymity gave them more confidence to participate in the processes of formative
assessment. Selected fragments from student quotes are presented in Table21.4.

21.3.5 Advantages and Disadvantages

Undergraduate students mention as advantages of Tablet PCs, the stylus pen to take
notes on the teacher’s slides and that the screen can be rotated in order to take notes
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more comfortably. Software available in the Tablet PCs was also mentioned as an
advantage. Among the disadvantages, students mentioned that in some cases, being
connected to the network could divert attention (check their e-mail, check social
networks, etc.), causing them to lose sight of the class and teacher comments.

One of the students mentioned that prior to using Tablet PCs she felt “fear of
being embarrassed for not giving ‘correct’ answers”. With the anonymity provided
by Tablet PCs and associated technologies, she mentioned her level of participation
increased and indicated feeling muchmore confident after the three course sequence.
Similar results have been reported for courses with many more students involved
than in our case [4, 10, 11, 15]. In general, student participants indicated that tended
to work faster and felt they were learning better. This was more evident as they
progressed in the three-course sequence.

21.3.6 Redesigned Learning Environments “HPL-ness”

Carney [8] identified goals and sub-goals of each lens of the HPL framework as well
as classroom practices associated with every one of them. As many practices can
serve multiple goals, she further described their possible relationships. We will try to
explicitly tie the HPL framework with the results of student interviews (Table21.5).
Results from graduate students’ interviews have also been reported [11].

Learner-centered classroom. The goal of learner-centered instruction is to help
students build on the conceptual and cultural knowledge that they already have and
to help them develop better skills and practices for future learning. This was evi-
dent in the undergraduate student interviews (Table21.5) through a variety of spe-
cific learner-centered classroom practices (that also served the purpose of formative
assessment) fostered by the use of Tablet PCs and associated technologies [8]. Under-
graduate students were given ample opportunities to do this in a social or learning
community context due to the very small class-size. Under these circumstances,
every one of these practices can be learner-, knowledge- and community-centered
[8], thus they will be additionally promoted by means of Tablet PCs and associated
technologies in following semesters when students will be using Tablet PCs only in
the studied courses (will not have them all the time).

Knowledge-centered classroom. A goal of a knowledge-centered classroom is to
create flexible, adaptive understandings of the ideas, skills and important information
of a given domain [8]. This was evident (Table21.5) in the undergraduate student
interviews through a variety of specific knowledge-centered classroom practices
(that are also assessment-centered) fostered by the use of Tablet PCs and associated
technologies [8]. Some specific practices that support knowledge-building (activities
that lead to an understanding of the discipline) but are also community-centered
were not evident in the undergraduate interviews, although part of the studied course
sequence offering. Thus the following will be enhanced in the following semesters:
students will clearly be told that they are participating in designs, investigations, or
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Table 21.5 HowPeople Learn (HPL) framework [6, 7] relationship to selected classroom practices
and activities

HPL framework Classroom practices

Learner-centered Observation, questioning, conversation, and reflection on student
activities and products

Open-ended long-term problem solving activities that force
students to deeply examine a phenomenon, discussing
misconceptions, presenting situations/problems that will provide
cognitive conflict, and enabling students to readjust their thinking

Fostering student reflection on their own understandings and
thinking, self-assessment, reflection on own growth and change
over time, and discussing the nature of misconceptions and their
role in understanding

Knowledge-centered Encouraging students to formulate questions about their
understanding, classroom activities that help students practice
reasoning with concepts, classroom activities that relate facts to
concepts, practicing transfer or extension to other problem
contexts or kinds of activities, as well as classroom activities that
call for students to articulate their explanations or reasoning

Assessment-centered Designing activities that can be used to make student thinking
visible, using day-to-day student activities and work products to
provide formative assessment feedback continually, assessments
are integrated with instruction rather than separate from it

Providing formal and informal feedback, provide feedback about
how the student does tasks in addition to whether he or she does
them correctly, assess students’ abilities to relate content to other
parts of the curriculum and their life experiences while feedback
given encourages and helps students to revise their thinking

Community-centered The creation of a learning community in the classroom in which
every student feels that he/she has a stake in the knowledge
construction process

Establishing a classroom climate in which students have freedom
to make mistakes, as well as establishing a classroom climate in
which students feel free to ask questions as well as explore new
questions and hypotheses

Classroom practices that value student sharing and critique of each
other’s work

other domain-authentic activities; further, students will be asked to reflect on how
their work relates to domain or professional activities [8].

Assessment-centered classroom. The goal of assessment-centered instruction is
to provide ongoing insight into students’ knowledge construction so that classroom
activities can be tuned [8]. This was evident (Table21.5) in the undergraduate student
interviews through a variety of specific assessment-centered classroom practices [8].
Relating content to other parts of the curriculum and their life experiences while
giving feedback, which encourages and helps students to revise their thinking, was
clearly fostered by the use of Tablet PCs and associated technologies in the stud-
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ied course sequence as stated in the undergraduate interviews. A specific practice
relating to the assessment-centered goal not clearly evident in the undergraduate
interviews was assessing the student’s ability to discern whether and when to apply
facts or procedures to novel situations (transfer) [8], therefore this concept should be
included in the next course sequence offerings. Because of the anonymity afforded
by Tablet PC technologies, students felt comfortable sharing their ideas with class-
mates, which enabled instructors to assess student understanding frequently during
the processes of instruction, problem solving, and peer evaluations to quickly identify
the most common difficulties, provide immediate feedback, redirect classroom activ-
ities, and/or refine instruction based on feedback received as previously described
for other undergraduate and graduate courses [10, 11, 15].

Community-centered classroom. The goal of community-centered instruction is
to connect students’ knowledge construction to the multiple community contexts in
which the knowledge is situated. These contexts include the school and classroom
community, the student’s larger social community, and a community of practice in
which the knowledge is used [8]. These were evident in the undergraduate student
interviews (Table21.5) through a variety of specific classroom practices [8]. Several
community-centered specific practices that were not clearly evident in the under-
graduate interviews, which should be taken into account in the new sequence course
redesign are: establishment of relationships between classrooms and the community
in which UDLAP is settled, classroom tasks in which students are explicitly asked
to report on or reflect on the relationships between their home life and classroom
undertakings, activities in which persons from the community share their practices
or knowledge with the students, activities in which students share their work with
persons from the community, curricular foci that encourage making connections
between outside and in-school learning, outside expert practitioners are consulted in
order to help students understand the community of practice in which the knowledge
is used, tasks engaged in are similar to those practiced by experts, and experts are a
resource for students, among others [6–8].

21.4 Future Work

Since the subject size was very small (n = 3), we need to be very careful of over-
generalizing and making conclusions regarding other undergraduate students’ Tablet
PC experiences based on this study as reported by other authors [1–3, 16]. However,
our findings demonstrated that the studied undergraduate students thought that using
Tablet PCs and associated technologies: increased their motivation to participate in
class as well as their scores in graded work-products; made the Tablet PC based
learning experiences and studied classrooms more active and kept them constantly
thinking, thus learningwith understanding increased; that UDLAP should implement
these type of learning environments into other courses; enable the teacher to provide
a great deal of real-time feedback to students that made their thinking visible and
gave them chances to revise.
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Among the disadvantages, students think that teachers should be advised of the
possibility of checking their e-mail and social networks while using the Tablet PCs.

Tablet PC associated technologies generated possibilities for self-assessment,
making it possible for students to anonymously analyze their own and classmates’
results. Another positive result of Tablet PC use was a visible increase in student
motivation to participate in class discussions and problem-solving activities medi-
ated through technologies (OneNote, InkSurvey, and Classroom Presenter) associ-
ated with Tablet PCs.

Students’ initial conceptions provided the foundation on which more formal
understanding of the subject matter was built. Further, frequent formative assess-
ment helped make students’ thinking visible to themselves, their peers, and their
instructor. Facilitated by Tablet PC technologies, feedback (in studied courses) that
guided modification/refinement in thinking increased.

Furthermore, a new re-design of the course sequence should take into account
suggestions presented above while asking with more detail what would the course
sequence new learning environments look like if they operate at the intersection of
the four lenses of the HPL framework?
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Chapter 22
Student Demonstrations of Learning:
Making Thinking Visible Using Pen
and Touch

Richard Kassissieh and Jeff Tillinghast

Abstract Teachers seek to create moments when students demonstrate their under-
standing of knowledge or skills and teachers provide feedback, known as formative
assessment. Pen and touch input, in combination with apps that support digital ink
and virtual manipulation, allow students to express their knowledge in more varied
and natural ways, improving formative assessment and subsequent differentiation
of instruction. Teachers and students at University Prep (Seattle) have used digital
ink and virtual manipulation to increase the flexibility of formative assessment in
a variety of subject areas. General purpose apps for writing, drawing, and making
explainer videos have gained adoption more quickly at U Prep than subject specific
learning apps that use a very specific pedagogical model. This paper describes the
conceptual basis for our work with formative assessment, shares examples of stu-
dent use of digital ink and virtual manipulation, and identifies themes among these
examples.

22.1 Introduction

In the past three years, University Prep has made wholesale changes to how technol-
ogy supports instruction. The most visible of these changes has been the introduction
of a 1:1 student device program: iPads for middle school students and touchscreen
laptops for upper school students. When designing this program, we had the benefit
of learning from the experiences of schools that have been running student laptop
programs for up to 14 years. Introducing devices is only one piece of the change in
our educational ecosystem, and arguably not the most important one. A clear theory
of action for how device capabilities amplify and extend good education practice is
the most important quality of U Prep’s technology initiative.
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Our theory of action includes (1) clear and frequent expression of the reasons for
the initiative, (2) learning environment design grounded in education research and
contemporary practice, (3) horizontal and vertical alignment of school support for
the change, (4) professional development linked to individual teacher improvement
goals, and (5) design for student responsibility and leadership. A full explanation of
these ideas exceeds the scope of this article, so we focus our discussion on one key
aspect of the model: how tablet computing enables students to make their thinking
visible to the teacher and thus demonstrate their understanding of appropriate mate-
rial or skills. Our teachers, with the support of instructional technology specialists,
create opportunities for students to demonstrate their learning and receive essential
formative feedback.

Formative assessment is the evaluation of student mastery of knowledge and skills
for the purpose of informing further instruction. In contrast to summative assessment,
formative feedback occurs throughout, not after the learning process. It helps the
student make further progress toward mastery of knowledge and skills, whereas
summative assessment represents the final measurement of a student’s proficiency
on selected topics.AtUniversity Prep,we use the terms “formative” and “summative”
with students in order to help them develop understanding and ownership of their
learning process, and only summative assessments determine semester grades.

High quality formative assessment is timely, actionable, and specific [1, 2]. The
assessment occurs after students have engaged in learning activities for the topic, but
before theymoveon to another topic, thus it is timely. Feedback focuses onobservable
qualities of the student work, not immutable characteristics of the student, and thus
it is actionable. The assessment focuses on discrete learning objectives, whether
concrete or abstract, and thus it is specific. Effective formative assessment therefore
provides feedback to the student while the subject is memorable, focuses on what
the student did, and specifies a small enough component of the overall work that the
student can handle.

Timely, actionable, and specific feedback invites a response from the student,
the ideal moment for a teacher to differentiate instruction and provide the specific
next steps for that student to improve mastery in identified areas. The variation of
learning activities for individual student needs is one form of differentiation [4].
However, even the most skilled teacher cannot always provide an effective response
to each student’s learning needs on the spot. The effective teacher prepares in advance
a diverse collection of learning activities designed to redress the typical obstacles
encounteredby students and is therefore ready to direct each student to the appropriate
activity based on the results of his or her formative assessment. Ideally, students
are not only repeating prior learning activities but also approaching the material in
different ways that will allow them to learn what they did not master the first time
through.
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22.2 Pen and Touch Examples

Pen and touch technologies provide students with additional means beyond con-
ventional laptop computers to demonstrate understanding. At one level, the device
simply adds two input modalities to the previous set. Conventional laptop computers
can capture type, audio, and video. Today’s mobile devices can also capture pen
and finger input. However, the technical enhancement represents much more than
just greater variety of input. While laptop computers have the capacity to capture
audio and video, for example, mobile devices have additional design considerations
(e.g., multiple cameras, portability, weight, ease of software use) which make those
capacities more accessible to students. The greater the number of supported digital
modalities, the more varied and effective methods teachers may design to enhance
the qualities of the digital learning environment.

One simple example comes from U Prep’s middle school math classes, see
Fig. 22.1. Tablet devices, course web sites, and digital ink allow students to work
at their own pace and at the appropriate level of challenge. U Prep’s math teachers
make sets of leveled problems available to students as downloadable PDFs. Students
access these worksheets on the class web site, write directly on their copy of each
document in digital ink, and then return them to the teacher via electronic dropbox.
This provides both teacher and student with a digital record of the demonstration of
understanding and an opportunity for both to keep copies of submitted work.

An example of a newer form of tablet app, Dragon Box may leverage kinesthetic
learning to provide students with opportunities to build and demonstrate understand-
ing of algebra, see Fig. 22.2. As students drag symbols from one part of an equation

Fig. 22.1 Sixth grade mathematics assignment with student and teacher notations
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Fig. 22.2 Dragon Box instructions for how to move virtual objects

to another, theymay be using visual andmotor neural pathways to help establish both
understanding and memory of algebraic processes. Since Dragon Box assesses con-
tinually and records student progress through discretely defined learning objectives,
students, teachers, and parents may view evidence of mastery, including quality of
solutions.

How do you know whether someone knows something? One common strategy
is to ask the person to explain it. A number of apps for constructing explanations
have appeared in recent years, increasingly integrating the use of pen and touch.
U Prep students use Explain Everything, Prezi, iMovie, and other apps to explain
concepts and arguments and thereby express their understanding in multimedia,
storable, shareable form, see Fig. 22.3.

Tablet notetaking apps such as OneNote and Notability allow students to record
information in class more naturally than keyboard alone. Teachers who present infor-
mation both orally and visually can create a notetaking problem for students who
have limited options for recording information. With a paper notebook, the content
is difficult to search or reorganize later. With a conventional laptop, the student only
captures words, missing essential information communicated visually or audially. In
addition, disciplines such as math and science rely heavily on notation which is not
immediately accessible on a standard keyboard. Some U Prep students have learned
to quickly switch between keyboard and stylus (or finger!), with the support of an
app that can change modes with equal speed.
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Fig. 22.3 Student explanation of the writing process (still frame from video)

The cognitive value of taking notes exceeds just the act of recording information.
The most learning takes place when the student reviews notes, a process of reorga-
nizing the information, identifying connections among related ideas, and thinking
of questions about the recorded content. Digital, mixed media notes provide the stu-
dent with the opportunity to perform these important learning acts without having
to rewrite all of the content, see Fig. 22.4. Sharing the electronic notebook with the
teacher makes it possible for the student to make this thinking visible to the teacher,
who then gains a better understanding of the student’s content mastery and can also
provide the student with valuable feedback in the moment.

Language students create flashcards that mix illustration with text, both serving
as useful practice and making the quality of their thinking visible to the teacher, see
Fig. 22.5.

What of comprehensive apps such as Khan Academy, which recently added hand-
writing recognition to the iPad app? Interestingly, these have largely not caught on
among U Prep teachers, and the reason has become increasingly clear of late. While
the Khan Academy app boasts advanced technical capabilities, its learning environ-
ment relies on a specific pedagogical model of a repeated cycle of demonstration and
practice, see Fig. 22.6. A teacher who disagrees with an app’s pedagogical model
is unlikely to use it much with her students. This may help explain why general-
purpose, multimedia productivity apps have grown in popularity in our school while
subject-specific, narrow-purpose apps have been used only sparingly.

Do writing and speaking, two classic forms of making thinking visible (or audi-
ble) take a back seat in a mobile world? In our experience, students have learned to
type on glass more quickly than the adults in our community expected. While a num-
ber of students have chosen to use an external keyboard with their tablet device, the
school has not required it, and many students have gotten by just fine typing on glass.
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Fig. 22.4 Student mixed
media notes

Fig. 22.5 Student-illustrated
flashcards for language study

With regard to speaking, plenty of time continues to be available in class for class dis-
cussions, group work, and student presentations. In addition, tablet devices continue
to be as powerful as their laptop predecessors for recording audio, submitting it to
an assignment drop box, and incorporating audio within multimedia presentations.
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Fig. 22.6 Handwriting recognition in Khan Academy for iOS

22.3 Conclusion

In an online article [3], Baylor education professor Tony Talbert describes how he
took time away from the university to rediscover life in the high school classroom.
He was surprised to find that electronic devices are not just tools but actually a
context within which students live and work. Thanks to digital ink and tactile virtual
environments, this context now includes additional modalities for capturing and
expressing ideas in forms that both peers and adults can view and respond to. The
examples in this paper speak to the potential that University Prep teachers have
identified for pen and touch to make student thinking visible more quickly and
accurately. At the same time, our teachers havemore swiftly adopted general purpose
tools, avoid subject-specific tools with narrowly defined pedagogy. The coming years
hold great promise as teachers continue to deepen their practice with general purpose
digital ink tools, and subject specific apps diversify in their pedagogical approaches
and learn from teacher expertise.
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Chapter 23
The Integration of Inking, Touch
and Flipping Within the Mathematics
Middle School Classroom

Leslie Williams

Abstract This article discusses the benefits of access to a stylus and Microsoft
OneNote in teaching seventh-grade math to students at Cary Academy. While the
research presented is based upon the experiences of one teacher in a single classroom
environment over an eight-year period, the results of this preliminary exploration sug-
gest that changes to the classroom format facilitated by these technologies produce
a richer, and more efficient teaching and learning experience. This article explores
advantages of inking for both the teacher and students, including the ability to cre-
ate videos, resulting in videos tailored for this course to be used when flipping the
classroom. With the release of Office 8.1, students and teachers are also using touch
input, allowing amore enhanced educational experience. Surveys help to describe the
student and adult experience. Microsoft OneNote videos capture the teacher using
her resources, stylus input and OneNote with students.

23.1 Introduction

As an Instructional Technology Facilitator and seventh grade math teacher in a one-
to-one laptop school, I have had the opportunity to explore both useful and ineffective
technology in the classroom. Because of my primary role as a teacher, I am always
looking for ways to be more efficient with my time, including the time it takes
to teach content, as well as the time it takes to help my students learn effectively
and cooperatively. The use of inking, touch, and flipping the classroom have become
integral inmy teaching not only because they create an efficient learning environment
[5, 6], but also because these tools help keep my students engaged and allow me to
evaluate that engagement.
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Fig. 23.1 OneNote digital format of converted textbook, notes, and practice activities

My students and I use these technologies daily for notes, video creations,
collaboration, and to build organizational and study skills. In addition, we are now
able to incorporate applets, apps and other programs into the teaching of mathe-
matics. This changeover from desktop computers, textbooks and pencil and paper
classrooms to tablet laptops and their concurrent technologies began when, as part
of a 2008 grant, I converted a textbook to a digital format. Using OneNote [1], Smart
Notes and other software, I replaced twelve weeks (one trimester for our school)
worth of notes, practice, extra practice, and activities (Fig. 23.1). Videos [2, 3] show
how the teachers at Cary Academy in Cary, North Carolina, seamlessly integrate
OneNote into their classrooms to elevate the education of students through presen-
tation, organization, and real-time collaboration with both students and other educa-
tors. Major benefits included the organization of all materials in one well-structured
place that any instructor or student could easily use, and allowing students the tactile
experience of writing in a versatile textbook.

23.2 Classroom Methods: Inking

Over the course of three summers, the electronic textbook and other resources were
created, including one wiki for videos (Fig. 23.2) and one for discovery based activ-
ities (Fig. 23.3). The combination of these resources created new paths to explore
pedagogy using inking and touch interface within the classroom. Inking was used
throughout the e-text as I completed problems with verbal explanation while screen-
casting to create the videos.

Now, students use inking daily in my classroom and at home, taking notes and
completing practice questions. They also create their own videos, capturing work
through stylus and touch input. When screencasting, students must be able to write
their steps and explain them, allowing opportunities for increased metacognition,
as well as demonstration of mastery. They also collaborate with shared OneNote
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Fig. 23.2 Wiki page for video resources

Fig. 23.3 Wiki page for discovery based activities

notebooks, using inking when writing symbols. Without inking, electronic devices
would only be used for researching, typing papers, or using Microsoft programs and
apps, which is a minor part of what we do in math. With inking, resources are now
dynamic and are replacing more static learning modalities.

Most of our school community cannot imagine a world without stylus and touch
technologies as part of their daily experience with computers. Cary Academy asked
students and faculty, in a survey they took midway through the academic year, such
questions as “How often do you use your stylus in the course of your studies?” and
“Howwould you feel about giving up a touch screen?” hoping to gauge not only their
comfort-level with using a stylus and touch screen, but also how important they find
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these features in the learning environment. From 449 responses received, the results
showed the success of the technological integration: 83%use a stylus daily, 87%want
a stylus to be available, and 77%want the touch interface to exist on their computers.
These results mean not only that students and faculty have become familiar with the
technologies, but that they would miss them if taken away—demonstrating they
would find their learning environment depleted by their absence.

At this point, I was curious about our school’s integration of these technologies
into the classroom.Microsoft interviewed me, along with other faculty at our school,
about our use of OneNote. They also videotaped my classroom, my e-text and the
students’ use of my e-text. Two of the videos they made are included at the end of
this article [2, 3].

Now that we have a touch screen and Lenovo Yoga TabletPC, the students can
turn their screen over completely, creating a tablet. This technological flexibility
allows the use of inking and touch to complete almost all of their work in math. In
other classes, inking is used extensively in subject areas that require a great deal of
annotation and/or specific writing skills- such as the sciences and world languages
(Mandarin Chinese, Pinyin). The touch capability integrates nicely with inking, so
that, while working in tablet mode, students can use the virtual keyboard, stop and
start videos, navigate the screenwith touch, use swiping to adjust multiples windows,
and interactwith applets. Between touch and pen input, a computer that can be used as
a tablet, and cloud computing, students truly have an all-in-one device, and we have
replaced the need for other physical materials. Not only have we reduced the need
for paper and other, more traditional learning materials, but also the combination
of touch screen, inking, and the Lenovo Yoga TabletPC has prepared the way for
exciting changes in how students learn as well.

23.3 Classroom Methods: Flipping

For example, I have used the flipped classroom model and other aspects of blended
learning with these resources, along with traditional lecture-based teaching [4]. Dur-
ing the fall of 2011, I began using my videos to flip my classroom. I received
some strong indications that home-based learning of these sections throughwatching
videos that could be paused, rewound, and replayed offered at least some students a
better absorption rate. My first year using the flipped classroom, students achieved
the highest scores on assessments ever throughout the four units taught. Although
test scores were higher, there were some unforeseen obstacles. Mainly, some of our
parents were not ready for this approach, as flipping the classroom was new and the
perception was that I was not teaching. So, over the next few years, I incorporated
the videos in smaller increments as a way to be more efficient with time, allowing
me to cover the material more thoroughly. I always use the flipped method at the
beginning of the year for review, allowing students to work at their own pace when
covering basic topics. Whenever the students take a quiz or test during class, I often
assign a video for homework to introduce the next topic, in this way making the
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best use of our time. Students can also learn my expectations around watching the
videos: they must take notes and show all work; they also often work on a few prob-
lems that can be self-checked upon completion. As the year progresses, students
become accustomed to using videos as part of class.

23.4 Results

This year, I used the flipped classroom for the first part of our equations unit, since
equation answers are easy to self-check. Halfway through the unit, students took a
survey about their experience. Some of the questions included a scale, such as, “On a
scale of 1–5, rate howmuch you liked the flipped method of blended learning.” I also
asked open-ended questions. This combination of scaled and open-ended questions
revealed the students’ likes and dislikes, measurable against each other, as well as
opening up discussion for topics I had not anticipated.

Although the evidence of better test scores indicated an increased absorption rate
of the material when using the flipped classroom, the open-response feedback for
flippingwasmixed. Some students indicated that the absenceof a live teacher could be
challenging because they were unable to ask questions immediately. Other students
found taking notes tedious, especially when they felt they had already mastered the
concept.When students chose to use completed notes or watching the videos without
taking notes, without notes or feedback, some students miss content. Students almost
unanimously liked that they could rewind and pause the videos and use them as a
reference.

For the scaled responses, out of 45 students, 28 (62%) rated the flipped classroom
with a 4 or 5 out of 5 (5 representing that they “loved” the method). 20 out of 45
(44%) would like me to continue using it for the remainder of the unit. The year I
utilized flipping the classroom for the first four units I had very similar feedback.
Therefore, the scaled responses revealed that while some students responded well to
the flipped classroom format, others seemed to prefer themore traditional teacher-led
structure.

23.5 Summary

Overall, I have found a mixture of flipped and traditional pedagogies to be in my
students’ best interest. This mixture of teaching methods permits me to offer my
students more freedom to pace their learning in ways that work best for them, while
also adhering to traditional pedagogy to preserve the question-and-answer format
with which students are most familiar. Also, my students are twelve and thirteen and
still learning how to collaborate, work at their own pace, and learn without constant
supervision. My goal is to help them develop effective strategies for the different
types of learning to which they are exposed. This goal can be partly achieved by
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becoming used to learning from videos on a student’s own time, and collaborating
with other students using all available technologies.

In my experience, the incorporation of inking and touch input has revolutionized
both teaching and learning. At this point inmy career, I cannot imaginemy classroom
without either of them.
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document.
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Chapter 24
DYKNOW as a Tool for Differentiation:
Exploring Alternative Ways to Assess
in the Middle School Social Studies
Classroom

Sara Mata

Abstract In this study, we evaluated the use of DYKNOW software for assessment
in a middle school social studies classroom. DYKNOW software is a tool that can
be used to differentiate for students’ learning needs by providing them with several
multimedia options that allow them to utilize their computers to read, annotate,
record, type, and ask for feedback from the teacher. It allows teachers to monitor
students’ progress in the class, monitor and limit Internet usage, as well as engage
in teacher–student communication during the class without making disruptions. The
digital ink feature proved to be very beneficial as it provides clear immediate feedback
about a students’ written piece. As a result, students had a very positive experience
as they took the final exam. Their learning needs were differentiated and students
felt more confident and positive about their performance.

24.1 Introduction

As teachers, we assess every day in our classrooms through formative or summative
measures. Assessment guides us by informing us on the learning that has taken place.
It also informs us by helping us make instructional decisions for the future based
on the learning that has already taken place. This research paper summarizes the
process of administering a summative assessment in a middle school social studies
classroom while using the DYKNOW software, which incorporates digital ink and
tablet technology.

Educational Goals: Students will complete a summative assessment, which will
provide them with the ability to: (1) demonstrate their understanding of a concept in
multiple ways, including voice recording and in a written format, (2) better under-
stand the Declaration of Independence, the Constitution, and the meaning of citizen-
ship in the United States, (3) have access to print and audio versions of articles, (4)
encourage critical thinking, and (5) obtain specific and meaningful digital feedback
within minutes of taking their assessment.
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24.2 Problem Statement and Context

I teach at an independent, coeducational college preparatory day school that caters to
students in grades 6–12. It is located in suburban St. Louis. Whitfield’s mission is to
“cultivate ethical, confident, and successful students in a community of innovation,
collaboration, and trust.” I teach 8th grade Social Studies to a group of 51 students,
with 15 of those students having diagnosed learning disabilities. As I got to knowmy
students throughout the fall, I noticed that not only did they needmore choice when it
came to reading andwriting, but they also needed a better system of accommodations
when it came to showing their understanding through assessments. This is when I
began the journey toward utilizing DYKNOW software as a tool for assessment in
Social Studies.

The Essential Questions for my course are:

• Why do we need a government?
• What does it mean to be a citizen?
• How do citizens influence government policy?
• How is power gained, used, justified, and lost?
• Can an individual make a difference?

24.3 Method Employed

As a reading/literacy specialist, I have learned that one of the most important aspects
of teaching reading andwriting is being able to provide students with choice. Accord-
ing to Chris Tovani [4], author of “So what do they really know? Assessment that
informs teaching and learning,” students need to have choices available when it
comes to reading and writing. Students’ assessments need to be a reflection of the
style that is being taught in your classroom. Assessing student understanding does
not equate giving everyone the exact same prompt questions. Thus, as I began to
design my assessments, I utilized an assessment structure known as “Tic Tac Toe.”
This assessment format is based on a 9 box grid, which contains different prompts,
all which may assess the same topic, but in different ways. In order to complete the
assessment, students need to pick out three boxes in a row, vertical, or diagonally.
When created carefully, a Tic Tac Toe guarantees that a student will be utilizing cer-
tain skills in their three prompt choices. For example, one prompt may require you to
read and annotate, another prompt may require you to watch a video and respond to
a question in a constructed response format, and the last prompt may require image
analysis and a verbal podcast to answer a question. Since my final exam was going
to be on the Declaration of Independence, the U.S. Constitution, and the meaning of
U.S. citizenship, my final exam Tic Tac Toe grid assessed students’ understanding
of all three of these topics.
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I createdwriting prompts that addressed these Civics andU.S. Government topics.
However, each of the options enabled students to access information and compose
their responses in different ways. Students thrive on having choice when it comes
to assessment. It gives them a higher sense of ownership in their learning. However,
no matter which way they choose, they will have a reading/annotating passage. The
following are three sample prompts that I provided my students with for their winter
final exam:

• Watch the Boston Tea Party video and take notes as you watch. Then, read and
annotate the text from the website. After watching the video and reading, respond
to the following question: Why is the Boston Tea Party such a noteworthy event
in American History?

• After reading and annotating the excerpts from the Declaration of Independence,
respond to the following question: What ideas about government did Thomas
Jefferson discuss in the Declaration of Independence? How was the Declaration
of Independence an inspiration to our nation?

• Analyze the cartoon about the Articles of Confederation. What idea was the car-
toonist expressing when he titled the cartoon “Rough Sailing Ahead?” Audio
record your response.

Asyou can see inFig. 24.1, the combinationof prompts in aTicTacToe assessment
is very easy to follow, whether it is completed on paper or electronically. However,
DYKNOW software makes multimedia information for the assessment more easily
accessible, it enables students to annotate readings, and it allows for a smooth system

Fig. 24.1 The combination of prompts in a Tic Tac Toe assessment is very easy to follow, whether
it is completed on paper or electronically
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Fig. 24.2 The ‘send files’ feature

of turning in work, which automatically gets placed into an e-folder for the teacher
to grade, provide feedback, and send back to the students. The ‘send files’ feature
(Fig. 24.2) allows teachers to upload multimedia files for students to have access
to throughout their assessment. The files are automatically downloaded to students’
desktops. This makes it easy for everyone to have the information that they need
without having to download it or browse for it themselves.

Something that oftenmakes teachers less susceptible to using technology for sum-
mative assessments is the fact that plagiarism can become an issue when students
have access to the internet and their electronic notes on One Note. DYKNOW soft-
ware allows teachers to monitor which websites a student may open while taking an
assessment. For example, for my winter final exam, I included a link in one of the Tic
Tac Toe prompts that took students to a history website. I was able to block all other
internet access, yet leave this particular site open for students to open. Other security
measures of DYKNOW include the screen monitor feature, which allows you to see
all the screens during the session. I see this as a great tool during an assessment
because you can be monitoring student progress and even answer student questions
via chat from your own screen. In addition, a teacher can send reminders out to the
whole class while in a DYKNOW session, and students can respond to you and to
one another’s questions without speaking out loud and making disruptions on the
quiet learning environment of an assessment [2, 3].

Figure24.3 illustrates another great asset of DYKNOW, which is the ability to
build in panels that include self-assessment checklists that students need to utilize
before submitting their final work to the teacher. The particular example in the above
image shows the same checklist three times, one for each of the three Tic Tac Toe
prompts chosen for the assessment. DYKNOW gives students the opportunity to use
digital ink to self-reflect as they check off each item that they have completed in their
written assignment. By having electronic copies of checklists, it makes it easier for
students to access these and fill them out as they write their responses.

The digital ink feature of DYKNOW is very beneficial, especially for the teacher
to provide clear and written feedback about a students’ written piece. The following
picture below shows what it looks like for a teacher to provide feedback to a student
on a DYKNOW written response. What I most enjoy about this tool is that it allows
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Fig. 24.3 DYKNOW provides the ability to build in panels that include self-assessment checklists
that students need to utilize before submitting their final work to the teacher

for the student to receive that immediate feedback. Once a teacher makes corrections
on an assessment, the ‘submit’ button allows him/her to send a student the graded
assessment, not only with written feedback throughout the panels, but also with
written feedback on the rubric, which is also included in a students’ final exam
e-packet.

Once the teacher receives the assessments, it is very powerful to be able to make
comments on students’ work by utilizing digital ink (Fig. 24.4), as it enables the
teacher to send the feedback to the student right away. DYKNOW places students’
feedback into a folder that they can easily access in order to read the teachers’
comments in order to apply their feedback.

Having a successful DYKNOW assessment with my students was a result of mul-
tiple previous ‘practice’ sessions with them. Students need to first become familiar
with the software by using it for in-class activities and for smaller, formative assess-
ments [1]. I learned how to use DYKNOW by literally just trying it out one day at
the beginning of the school year with my classes. There is no way to learn how to use
this program on one’s own. A teacher must have students logged into the session in
order for the session to work. My students used DYKNOW on a weekly basis since
the beginning of the school year in mid-August until December. All of this time and
preparation helped them figure out what the software’s features were and how to
effectively navigate it.
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Fig. 24.4 Teachers can digitally ink on student assessments and return the feedback to the student
immediately

24.4 Results and Evaluation

Taking a final exam on the DYKNOW software allowed students to not only have
immediate feedback, but it also allowed them to utilize multiple tools in order to
show their understanding of the concepts in the exam. Thus, DYKNOW software
is a tool that can be used to differentiate for students’ learning needs by providing
them with several multi-media options that allow them to utilize their computers to
read, annotate, record, type, and ask for feedback from the teacher. While many of
the students chose to type their responses, some students chose to use digital ink to
annotate their readings and to write out their responses. In addition, students were
able to access multi-media information in order to write about it during the exam.
Attached to the DYKNOW exam were multiple video links, audio links, as well as
digital articles. Students were able to self-assess while taking the exam by utilizing
their writing checklist. Students were able to ask questions throughout the exam
without disrupting their peers, as they were able to utilize the “chat” feature of the
software, which allows students and teacher to chat back and forth about questions
they might have.

Students had a great, positive experience as they took this final exam. While the
idea of taking a final exam can be stressful and overwhelming, many of my students
walked out my classroom feeling confident and positive about their performance on
my final exam. By providing students with the opportunity to utilize the DYKNOW
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resource as a tool to demonstrate understanding, their learning needs were differ-
entiated and students were able to show their progress in a meaningful and creative
manner.

24.5 Future Work

After having developed the first DYKNOW Social Studies exam at Whitfield, I am
looking forward to utilizing DYKNOW for ongoing formative/summative assess-
ments throughout my units. In addition, I would like to continue to explore the idea
of using DYKNOW for multi-draft writing pieces in the classroom, as it is a great
tool that allows students to receive meaningful instant feedback.

In the coming months, I also hope to explore the pros/cons of utilizing DYKNOW
versus Google Classroom for daily work that students turn in. I have found Google
classroom to be extremely effective when it comes to keeping student work orga-
nized and also when it comes to providing feedback on students’ writing. However,
DYKNOW allows students to utilize digital ink, which makes it possible to anno-
tate/handwrite written responses, while Google Classroom does not. I look forward
to learning about which types of lessons/assessments DYKNOWwill help maximize
my students’ collaboration, meaningful feedback, and authentic learning.
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Chapter 25
WIPTTE 2015 High School Contest

Stephanie Valentine, Hannah Conrad, Cassandra Oduola,
and Tracy Hammond

Abstract The WIPTTE High School Contest was held on the first day of the
WIPTTE conference on the Microsoft Campus in Redmond, Washington. The High
School Contest is an annual event originating in the Department of Computer Sci-
ence and Engineering at Texas A&M University, which extended into the WIPTTE
conference. 2015 marked the second year of the WIPTTE High School Contest.
During the contest, high school students participate in an intense day of brainstorm-
ing, design, prototyping, and presentation to compete against top schools across the
United States. Nineteen high school and middle school students combined into four
teams from two different schools: Renton Prep from Renton, WA, and University
Prep from Seattle, WA. The high school students participated in many elements of
WIPTTE throughout the Contest, including watching and commenting on the open-
ing keynotes and presenting for the entire WIPTTE audience. Additionally, many
students were able to participate in all three days of the conference. The students
were active and engaged in the WIPTTE community, particularly while providing
valuable feedback during the You-Try-It sessions.

25.1 Introduction

The WIPTTE High School contest serves to give high school students a chance to
be innovative and apply science, technology, engineering, and mathematics (STEM)
learning techniques. High School students are given the challenge to develop a new
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tool for revolutionizing education.WIPTTE2015High School Contest studentswere
given the prompt to create a tablet or mobile game about a topic taught in elementary,
middle, or high school. Through collaborationwith a team, participants had to present
a seven-minute pitch that included a paper demonstration of their game.

25.1.1 History of the High School Contest

Virtually all universities and educators agree that STEM are important to student
learning. However, it can be difficult to spark student interest in core STEM subjects
in high school, let alone at the higher education levels.

For almost ten years, the Computer Science and Engineering Department at Texas
A&MUniversity has hosted a contest for high school students interested in pursuing
an education and career in computer science. Each contest was held on a single
Saturday and consisted of nine to 16 teams comprised of students from high schools
across the state of Texas. A new topic was presented to the teams with a specific
problem to be solved on the day of the contest. The main purpose of the contest is to
spark interest in STEM, as well as generate new ideas in regard to future technology.

Thus, each topic chosen had to be in direct relation to STEM, but also be relevant
and interesting to the students competing. This delicate balance between focus and
intrigue makes the selection of the subject for each contest an important process in
and of itself. Each year, teams are motivated by the topic’s relevance to their lives
while also intrigued by the relation it has to STEM.

The first year of the conference was in 2006. In 2006, faculty member Dr. Rick
Furuta and coordinator Kourtney Gruner provided the topic of human computer
interfaces for the competing teams to consider. In 2007, the topic of computer games
was presented to 12 high school teams. In subsequent years, coordinator Theresa
Roberts and various faculty members ran the competition with the topics of graphics
(2008), computational thinking (2009), texting (2010), Internet privacy (2011), and
intelligent fabrics (2012 run by Dr. Tracy Hammond, Ph.D. student Manoj Prasad,
and the Sketch Recognition Lab).

Each year, working alongside the head faculty member and coordinator were
five to six contest judges, available staff, and between 20 and 30 Texas A&M Uni-
versity student volunteers. Many of the student volunteers were past recipients of
TAMU Computer Science and Engineering scholarships. Others were members of
various TAMU groups, such as AWICS (Aggie Women in Computer Science) who
volunteered to help make a difference and engage high school students in STEM.

A regular attendee of the Texas A&M University Computer Science and Engi-
neering high school contest remarked: “This is my favorite computer science contest
I do with my students. I believe it does more to show students what computer science
truly is than all the programming competitions do. I would like to bring more teams
so I can expose more students to the terrific opportunity.”

Theresa Roberts, who acted as the head coordinator of the event when it was
still strictly a part of Texas A&M University, stated that there is a possibility of the
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contest returning to the university. She also commented that “There is a lot of work
involved [in the event], but once the students get here on that Saturday morning, I
am so excited to see them that the work disappears.”

25.1.2 History of WIPTTE Involvement

In 2014, in order to engage high school students in sketch and education research,
the high school contest was integrated into the WIPTTE conference.1 The WIPTTE
conference has been known for integrating a diverse cohort of participants, pro-
viding perspectives from university professors, deans, IT administrators, and high
school teachers. The inclusion of high school students provided another level of user
perspective that can help drive the field forward.

Connecting the contest to the workshop allowed students to be introduced to
the conversation about pen and touch technology in present and future educational
settings. It also allowed students to directly interact with university and industry
professionals in the field of computer science and technology. In 2014, high school
students were paired with academia and/or industry leaders at a mentoring lunch to
converse with one another.

In 2014, the involved schools were all local schools from Texas. In 2015, we had
two schools from Washington state. In 2015, WIPTTE was able to find a number of
sponsors to provide scholarships for many of the participating high school students.

25.2 Contest Logistics

The 2015 High School Design Contest was held on the first day of the three day
WIPTTE conference at Microsoft in Redmond, WA and organized by TAMU Sketch
Recognition Lab Ph.D. students Stephanie Valentine and Cassandra Oduola.

By participating in the contest on the first day, the high school students were able
to participate in the second and third day of the conference with a solid introduction
to tablet research, as well as experience thinking creatively about the topic. It also
provided them with familiarity with a cohort of high school students to share the
rest of the conference with. Additionally, their presentations at the end of the contest
provided an introduction to the entirety of the conference participants.

The high school contest centered around the topic of educational games facili-
tated by pen and touch interaction. Teams were challenged to create an idea for an
educational game application for a commonly taught K-12 subject. The application

1The 2014 WIPTTE conference was described in the Introduction of [2].
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created should adequately teach the chosen subject while making use of pen and
touch. It also should effectively attract users long-term, for example, for a semester.

25.2.1 Schedule

The team schedule for the 2015 WIPTTE High School contest is in Table25.1. Stu-
dents started with an introductory meeting to get students excited about the day.
Students were then fortunate enough to watch two keynote talks by two famous
researchers, Sharon Oviatt and PamMueller. Following the talk the contest organiz-
ers led a high-school specific talk to ensure the students effectively understood the
implications of the research performed and discussed by the two keynote speakers.

25.3 Reflecting on the Keynotes

Both in 2014 and in 2015, students started off the contest by watching the morning’s
insightful keynote (Barbara Tversky’s [7] in 2014, and Pam Mueller and Sharon
Oviatt’s [5] in 2015). Both talks discussed the value of sketching in education. After
the talks, the students reflected upon and discussed the conclusions from each of the
talks and their implications.

PamMueller’s talk presented evidence that students learned and rememberedmore
from a lecture when taking handwritten notes then when they were taking notes on
a computer [4]. The students first discussed why this might be the case, followed by
the implications of the work. They mentioned how it is impossible to hand-write as
fast as they can type. It is possible to type almost word-for-word what the teacher
says. However, when hand-writing notes, one must abbreviate the contents of the
lecture. The act of shortening the content causes them to focus on including only
what it most important. This requires actively listening to the lecture and parsing it
for its important contents. They discussed the implication of the work, recognizing
that not only is it important for them to take hand-written notes in their own classes,
but that it is also important for them to ensure that any future pen-based educational
applications encourage active learning and thought.

Sharon Oviatt’s talk discussed the advantages of traditional and digital pens over
typing [5] as shown in the recent literature. Hand-drawn diagrams help students
view and interpret information, but they also help students communicate more non-
linguistic content. Students using pens produce both a greater number and a greater
variation of ideas and scientific hypotheses. Students show greater fMRI activity
when hand-drawing than when type-writing. Not only is the traditional pen better
than the keyboard, but the digital pen is better than the traditional pen. When com-
paring the two, the digital pen encouraged people to draw more diagrams, to draw a
greater percentage of correct diagrams, and to make a greater percentage of correct
interpretations than a regular pen. The strength of the traditional and digital pen is
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Table 25.1 WIPTTE 2015 high school contest schedule

Time Activity Details

7:00–8:15 Registration/Sign-in Participants visited the sign-in desk to pick up
names tags and program information packet. The
packet included rules and expectations,
emergency contact information, and general
information. After participants checked in, they
were directed to enjoy breakfast and beverages
before the Welcome/Introduction and Contest
Overview

8:15–8:30 Welcome/Introduction
and contest overview

Program Coordinators welcomed and made
staff/volunteer introductions. The presenters
discussed the Contest conduct rules and
information

8:30–10:00 Keynote speakers: Pam
Mueller and Sharon
Oviatt

The keynote speakers gave the students
background information regarding the impact of
pen and touch technology on education

10:00–10:15 Short break/Move to
contest workspace

A student volunteer escorted the teams to the
contest workspace

10:15–10:30 Contest instructions Program Coordinators presented the specific
Contest topic, rules, and other information

10:30–11:45 Worktime Teams worked in their individual workspaces on
the Contest topic

11:45–1:00 Lunch Teams/students shared lunch with professionals
in the tablet computing and educational software
industries

1:00–4:15 Worktime Teams/students worked in their individual
workspaces on the Contest topic

4:15–4:30 Work stops, teams
prepare to present

A student volunteer escorted the teams back to
the Queen Anne Room

4:30–5:00 Team presentations Each team gave a seven-minute presentation in
front of the judges, WIPTTE attendees, and the
other participants

5:00–5:15 Closing ceremony and
awards

First place, second place, third place, and fourth
place team winners were announced. Each
individual team member received a prize along
with a prize for his or her school. At this time,
the Contest was over and the teams could
returned home if they chose

5:50–6:00 Sign-out Group leaders consulted the registration desk to
sign out before heading home after an exciting
day!

5:50–6:00 Social event and poster
session

Teams and teachers were invited to attend the
WIPTTE social event and poster session at the
Westin Bellevue
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interesting when compared to the fact that students claim to prefer the keyboard sig-
nificantly over the pen, even when their grades are shown to drop a full grade point
when using the keyboard instead of the pen. The students were quite surprised by
these conclusions and thought about the impact on their own classroom experiences.

The two keynote talks served as a framework for the rest of the contest discussions.

25.4 Contest Details

After discussing the keynote talks, the studentsweremotivated through a presentation
delivered by the contest organizers Stephanie Valentine and Cassandra Oduola. A
snapshot of Valentine and Odoula presenting the Contest Instructions can be seen in
Fig. 25.1.

Valentine began the presentation with a back and forth discussion about games,
both educational and not. The students were asked to think about their favorite elec-
tronic game, and ponder what about it makes it so compelling and fun. There are
many different types of electronic games available, each with a different type of base
platform driving the play:

FIRST OR THIRD PERSON: shooter, Halo, Call of Duty, Battlefield, etc.
ACTION/ADVENTURE: usually 3rd person with some exceptions, The Legend

of Zelda, Uncharted, God of War
PLATFORMING: Mario, Prince of Persia, Psychonauts
REAL-TIME STRATEGY (RTS): Civilizations,CommandandConquer, all “4X”

games

Fig. 25.1 Valentine and Odoula presenting the contest instructions, prompt, and example paper
prototype
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DRIVING/FLYING SIMULATORS: Forza, Need for Speed, Ridge Racer, Ace
Combat

ROLE-PLAYING GAMES: The Elder Scrolls, World of Warcraft, Runescape
“CASUAL GAMES”: Nearly anything made for the iPad or iPhone
EXERCISE GAMES: Wii Fitness, etc.
EDUCATIONAL GAMES: Math Blaster!, nearly any “game” on your school’s

computer lab computers. Games meant to teach math, science, and history.

The topic of the contest focused on educational games meant to teach core skills,
like math, science, and history, which are also often causal. Casual games include
puzzle games (e.g., CandyCrush,maze solving), farming simulators (e.g., FarmVille,
CityVille, PetVille), social multiplayer (e.g., Words with Friends, Draw Something,
Mafia Wars), Sidescrollers (Flappy Bird), and Tower Defense (e.g., Plants vs. Zom-
bies, Bloons).

The discussion transitioned into why people play casual games, for example,
mobile applications, and why they are so addictive. Answers to the query included
social components (connecting with friends), illusions of progress (just one more
level until…), upgrades (e.g., Pokemon evolving), rewards for exploring (such as
gold coins in Mario), and others.

25.4.1 The Contest Topic

The gaming discussion led into the official presentation of the contest topic.

The 2015 WIPTTE High School Contest Prompt

“Choose a topic commonly taught in elementary, middle, or high schools
and design a ‘gamified’ pen or touch tablet application. You should de-
sign your application such that it adequately teaches your chosen topic,
makes explicit use of tablet touch & gesture functionality, and strategically
attracts users for long-term use (over many months).”

YOUR TASK:
Create a 7-minute presentation to ‘pitch’ your game.

Students were supplied with materials to use however they thought best describes
their idea, including poster boards, popsicle sticks, construction paper, modeling
clay, rubber cement, markers, pipe cleaners, pens, and colored pencils.

25.4.2 Introduction to Paper Prototyping

The high school students were given the challenge to design a paper prototype of
their applications. They were given a tutorial and an example demonstration by the
contest organizers.
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Fig. 25.2 A high school student “swipes” the iPad calculator paper prototype

Oduola talked to the students about the use of paper prototyping in software devel-
opment. She coveredwhat paper prototyping is and the benefits to software engineers
of creating such prototypes to test out user experience as well as possible designs.
She employed a paper-based demo of the iPhone’s calculator app to demonstrate
how paper prototyping works.

Oduola: “What program did Stephanie use to create this talk?”
Students: “Microsoft Powerpoint.”
Oduola: “How many of you have used Powerpoint?”

Most if not all of the students raised their hands.

Oduola: “All of you? Okay, How easy is it to use?”
Students: Shrugs. “Easy.”
Oduola: “Pretty easy? Okay, somewhere on this campus there is testing going

on. And there, they bring in people who use Powerpoint everyday. And
those people evaluate the changes before they role it out to the market.”

Oduola: “And before they actually build a new application, they design the app
on paper, building a paper prototype, and evaluate it initially using that
paper prototype with others.”

Valentine: “Creating a paper prototype can take five minutes, whereas creating
an entire demoable application with all the bells and whistles can take
weeks.”

Odulola and Valentine brought out a paper prototype of an iPad calculator appli-
cation. A student came up to the front to demonstrate how he would use the app
using the paper prototype. Figure25.2 shows a student “swiping” the paper proto-
type as if it were an iPad or SmartPhone. Students marvelled how they can evaluate
a user interface without actually spending hours upon hours implementing the user
interface.
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Fig. 25.3 Stephanie Valentine introducing “our lovely friend ‘Print-A-Costume’, a paper prototype
of a 3D printer for Halloween and super hero costumes”

Valentine then further introduced the concept of paper protoype experiments with
a 3D demo created by Valentine and Oduola (see Fig. 25.3).

25.4.3 Introduction to Wizard-of-Oz Experiments

As part of the lecture on evaluating user interface, Valentine also introduced the
concept of Wizard-of-Oz (WoZ) experiments with a short lecture using a 3D paper
prototype created by Valentine and Oduola. Figure25.4 shows Valentine and Oduola
using their paper prototype in an attempt to describe the concept of Wizard-of-Oz
experiments (with Oduola acting out the part of the wizard behind the curtain).

In the story of the “Wizard of Oz,” a man behind a curtain projected the face of
a great and powerful wizard to all who asked for an audience with him. However,
when the curtain was pulled back, his trick was revealed to the main characters of
the story and they were able to see all the intricate workings of his technology. A
WoZ demonstration, similarly, is a presentation of the inner working of a design or
piece of technology, with a human (called the wizard) modifying the demonstration
behind the scenes to reflect user interactions.

WoZ experiments are crucial to the development of artificial intelligence applica-
tions and are considered to go hand-in-hand conceptually with the Turing test. In an
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Fig. 25.4 A high school student modeling the “grumpy cat costume” produced by the “Print-a-
Costume” paper prototype, operated by Cassandra Oduola behind the curtain

ideal WoZ experiment, the lines between the computer and the human operator are
blurred such that the user may assume that all of the operations are in fact performed
by the computer. In this way, the designers can see how a user would respond to such
as system if they did in fact build the system.

In the case of the high school design contest, the students will not have the
resources to build a completely convincing WoZ protoyping tool, but they were
encouraged to use their understanding of Wizard-of-Oz experiments to develop and
present an effective paper prototype. Teams had to demonstrate and act out how their
proposed game would work using only the materials given to them: poster board,
popsicle sticks, construction paper, modeling clay, rubber cement, markers, and pipe
cleaners.

25.4.4 Designing!

At this point, the students assembled in teams. They were given four hours to design
their novel pen and touch application.
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25.5 Student Teams and Projects Designed

The four participating teams in the event consisted of three teams from Renton Prep
in Renton, Washington, and one team from University Prep in Seattle, Washington.

25.5.1 Team 1

The first team consisted of five girls from Renton Prep, in Renton, WA. Their pro-
posed game, Live and Learn, functioned as a means of experiencing and learning
languages and cultures from around the world by means of touch technology. Over-
all, Live and Learn would allow students to virtually visit a culture and language
which they want to learn more about.

In a digital age where everyone can connect to everyone else, the world can
sometimes feel like it is shrinking. Language barriers are being built and broken down
as the digital world expands. Because it is difficult to understand and remember a
language from a book, Team 1 (shown in Fig. 25.5) wants to aid in language learning
using visual learning and handwritten means (Fig. 25.6).

Fig. 25.5 Team 1 giving their presentation and game pitch to the judges at the 2015 WIPTTE high
school design event
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(a)

(b) (c)

(d) (e)

Fig. 25.6 Live and learn paper prototypes
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Fig. 25.7 Team 2 presenting their game idea at WIPTTE 2015

25.5.2 Team 2

Team 2 consisted of four high school students from University Prep, in Seattle, WA.
Team 2 pitched a game, The Exploration, that would take students on a step-by-step
story game about specific historical events. Much like a choose-your-own-adventure
game, Team 2’s concept would allow for students to immerse themselves in the
world of the past (shown in Figs. 25.7 and 25.8). Together, Team 2 sought to solve
the issue of disinterest in history seen in middle school students. While there are
games involving history already in circulation, current middle school students are
not interested in them.

25.5.3 Team 3

Team 3 consisted of five students fromRenton Prep (shown in Fig. 25.9). Their game,
RenaLaunch, aimed to teach scientific inquiry in a way that is both pleasurable and
entertaining to younger audiences. The poster prototype is shown in Fig. 25.10.

Team 3 argued that scientific inquiry in the classroom is not taught in a way that is
entertaining to younger audiences. While educators have combated this by creating
specific scientific procedures, such as a baking soda volcano experiment, the usable
experiments have become repetitive.
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(a)

(b) (c) (d)

(e) (f) (g)

Fig. 25.8 The exploration paper prototypes

RenaLauch places students in the middle of the Renaissance as a character who is
an apprentice to Leonardo DiVinci. Upon selection of the game level, students would
be sent to a 3D location to build different projects to complete level objectives. They
would then proceed to another section of the level to complete challenges with their
newly designed project, such as flying through hoops with a glider. Ultimately, the
gamewould allow students to create their ownprocedures involving scientific inquiry,
test them, and upload their creations for others to interact with and compete against
to see which fulfills the objectives better. This would allow for student cooperation
and team learning while still allowing for individual work and experimentation.

Pen and touch technology is an important aspect of this game design because
touch technology would allow for more control in the environment of the game. It
would also simplify the building of 3D objects in the game. Team 3 suggested using



25 WIPTTE 2015 High School Contest 359

Fig. 25.9 Team 3 after their initial pitch to the WIPTTE high school event judges

Fig. 25.10 Team 3’s poster
prototype
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Fig. 25.11 Team 4 presenting their game idea at WIPTTE 2015

gesture recognition to control the constructed objects in the game. For example, a
glider would be controlled by hand motion rather than just tapping a touch screen.

25.5.4 Team 4

Team 4 (shown in Fig. 25.11) was also made up of five students from Renton Prep.
Similarly to Team 1, this group pitched an idea for a game revolving around the idea
of learning how to write and speak a new language (Fig. 25.12).

Team 4’s proposed game did not take a player to a virtual village, but instead
showed them how to write in different languages in a stroke-by-stroke process. The
game also gave students a phonetic spelling of the word, so that learning pronunci-
ation would be straightforward and easy. Ultimately, their proposed game aimed to
aid in a student’s learning about cultures, communication, literacy, and vocabulary,
but to still feel in control of their desired learning goals.

25.6 Judging and Awards Ceremony

The judges weremembers of theWIPTTE community, volunteers includedmembers
of the organizing committee, keynote speakers, sponsors, and presenters. After the
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(a)

(b) (c) (d)

(e) (f) (g)

Fig. 25.12 Team 4’s language learning paper prototypes

games were pitched, the judges deliberated and ranked the teams. Teamswere judged
on function, design, novelty, appropriateness, and presentation. Table25.2 shows the
proportion of points given each category.

Teams that ranked in the top four received gifts ranging from slingshot monkeys
and Lego products to LittleBits student sets. In both 2014 and 2015, there were four
teams that participated in the contest, making it so that each team left WIPTTE with
an award.
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Table 25.2 WIPTTE high school contest judging rubric

Category Description Max Points (%)

Function Will it Work? 30

Design Is it well-thought out? 10

Novelty Is it cool, creative, new, and
interesting?

20

Appropriateness Does it solve the given
problem?

30

Presentation Are the students excited and
well-spoken?

10

25.7 After the Contest

After the conference three of the teams were able to remain for the rest of the
conference. They participated in all of the You-Try-Its on the second and third day [3,
6, 8, 9], many Keynotes during the rest of the conference, and provided fantastic
feedback to all of the presenters. Figure25.13 shows Stephanie Valentine presenting
her You-Try-It on the children’s social network, KidGab, to the high school students
and their teacher Michelle Zimmerman [8].

Fig. 25.13 Participants at the KidGab You-Try-It complete their True Colors personality test
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25.8 Student Reflections

Upon the completion of the 2015 contest, four 2015 high school contest participants
aged 13 through 15: Kayla Gonzalvo, Tiffany Dinh, Scott Nguyen, Jasmine Fer-
nandez, and their teacher, Michelle Zimmerman, Ph.D. chose to write about their
experiences in the following chapter [1]. Rather then focus on the projects they cre-
ated, the students reflected on various ideas for technology innovation in learning.
They did not constrict their thoughts to the classroom, but rather the lessons that
can be learned by hands-on and immersive experiences. The students presented the
idea of learning tools beyond lectures and textbooks. They cited current methods
as “outdated” and lacking “collaboration and interaction.” The conference helped
them realized the value in “the student voice” as they realized they are the market
for certain educational advances.

25.9 Conclusion

Science, technology, engineering, and mathematics are increasingly important in a
world that is constantly being digitalized. However, it can be difficult for students at
the high school level to be interested andmotivated in courses involvingSTEMtopics.
Furthermore, it is also challenging for those interested in STEM to meet experts and
professionals in the field until they are at the university or post-university level.
The WIPTTE High School Design Contest allowed high school students to become
involved in futuristic innovation, interact with professionals, and kindle an interest
in topics related to STEM. Overall, this allows participants to become more and
more embedded into the research field relating to pen and touch technology. While
obstacles, such as funding, arise in the process of hosting high school events, the
success of bringing technology and enthusiasm into important topics that normally
would be uninteresting or unrelatable to the masses outweighs the challenges. In
conclusion, like the high school students stated in their reflection, technology and
innovation are the future of education—and the students themselves possess the
voices that will inspire and direct technological innovation in the future. Listen for
them.

Acknowledgments The authors extend special thanks to Jonathan Grudin and Mark Payton as
well as the conference sponsors for including the High School Contest within the 2015 WIPTTE
conference. Additionally, the authors thank members of the Sketch Recognition lab for their help
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Chapter 26
Youth Re-envisioning the Future
of Education
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Abstract The locus of discussion on empowerment through student voice often
rests in refined adult writing. Here, four students were given the opportunity to offer
perspectives of the future of education as a result of attending the ninthWorkshop on
the Impact of Pen and Touch Technology on Education. The authors, three females
and two males ranging in age from 13–15, were part of two teams in the High School
DesignChallenge duringWIPTTE in 2015, nowknown as theConference on Pen and
Touch Technology in Education (CPTTE). This contribution provides insight into the
process students took to design concepts for original games leveraging gesture, pen
and touch technology that “strategically attracts users for long-term use (over many
months).” They discuss their designs for game concepts they named Live & Learn,
and Plumbum and Touch. They conclude with their vision for the future of education.
The experience allowed them to realize the power of student voice in education.
Their writing provides a glimpse into formal and informal learning environments
they have lived within. Evidence of blended learning allowing for the intersection
of human connection, experiential learning, lecture, and cross-age mentoring have
been transferred into this culminating piece that originated from complex, real-world
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26.1 Introduction

One of the goals of the Workshop on the Impact of Pen and Touch Technology on
Education is to increase innovation and dialog in the education space. This goal was
accomplished through inviting a younger generation into a setting with researchers
to be part of the conversation. In this way, students had the opportunity to experience
role models in technology and research fields. They were able to attempt putting
theory into practice with a goal of creating a game that could be developed in the
near future. At the end of the contextual introduction, you will read the thought
process of some of the students who were part of this experience. At WIPTTE,
students took the role of apprentices to expert researchers and developers.

Rogoff’s [17] work speaks of apprenticeship as a metaphor for the relationship
between experts and novices, guided participation by the expert during hands-on
involvement in a shared activity, and the concept of participatory appropriation,
referring to how individuals change through co-created involvement with an activity.
There exists evidence that the combination of apprenticeship, guided participation,
and participatory appropriation can facilitate the learning in a novice individual for
later involvement in related activities. It can be argued that in the area of being teens
of this generation, the students were the experts and the developers and researchers
were novices learning from themasmuch as the studentswere novices in research and
the technical aspects of developing for gesture and touch devices. Scaffolding [26]
can provide the necessary structure for novices to reach higher or deeper and more
complex thought and, in turn, action, than they could have alone [4, 27]. Developers
have verbalized the benefit of hearing target audience perspective early on rather
than waiting until development is complete and needing to redesign based on later
feedback. This shift in perspective provides a variation on the traditional perspective
of adults scaffolding the learning of youth. The future of education lies in a new
architecture of learning, including the razing of artificial age boundaries for only
learning among same-age peers and the divide that still exists in cultural landscapes.
In Who Owns the Learning?, Alan November [14] uses his Digital Learning Farm
model to show teachers how technology allows students to take ownership of their
learning, create their own learning tools, and participate in meaningful work. In his
model, every student is a teacher and a global publisher.

To become a global publisher creates a new level of responsibility that students
in prior years did not need to grapple with. The factory model system of education
did not place that responsibility in the hands of youth. Published work was vetted.
An expert produced content that students were not to question. Children did not have
the same access as they do now to publish content with a global reach or have their
voice heard while experiencing multiple perspectives. Democratic, free societies
allow voices to be heard. Technology has the power to amplify who we are and
how we think. More than ever, “civic education—teaching students their moral and
intellectual responsibilities as critical and informed citizens in a democracy” [20]
(pp. 100–101) is important in the discussions of technological innovation. Part of
that responsibility is to train students to be curious, to question, to see multiple
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perspectives, to understand that humanity is at the core of our interaction [8] with
technology, and to have reasons for choices they make. This is all the foundation
of education the students invited to WIPTTE have received in their school and was
reinforced through their experience.

WIPTTE is on the cutting edge of bridging a cultural divide in considering the
voice of children from very diverse backgrounds, both ethnically and socioeconomic
status [3, 5, 10]. There was a dedicated effort made to break stereotype threat [21]
and value student voice so highly that WIPTTE made students a valuable group of
contributors and part of the story told [23] through a design challenge and publication
at a point in history where pen and touch technology is emerging. They provided
students who would not otherwise have the means or access to these conversations
the ability to fully participate. WIPTTE is creating change with purpose. As a result,
several students who never considered a career in technology have begun to pursue
technology driven career paths. Others who were interested, have pursued with a
renewed passion that is exciting to observe as an educator.

In 1932, George Counts, an influential education theorist and educator, called
for a change in the architecture of education [6]. He called for change in traditional
Euro-American 19th Century school design in favor of progressive education that
is most known for experiential learning, collaboration, problem solving, and social
responsibility. He identified that there will be calls for change without purpose or
direction, but change for the sake of change is ineffective. Removing the date on
his writing, one could mistake his call to action as in the same cry for change in a
21st Century publication. Action and change for the sake of change is ineffective,
just as is a construction without a solid foundation. In this way, as researchers, we
see the wisdom in looking back to those that have gone before us and what they
have learned [7] as we envision the future and push the boundaries of what is cur-
rently possible. There are concepts and theories that have continued to demonstrate
strength and integrity in multiple contexts and throughout the ongoing development
and change in the technology landscape, because the foundation of their work lies
in the human condition [27] and cognition [22].

Theory and research in publication can spark academic conversations and compe-
tition. For students, a high school design competition served a similar purpose. They
responded to a challenge, a call to action, worked under constraints, investigated
then communicated their ideas to achieve an end goal. This meant, the challenge
required students to identify a gap in the gaming market, develop something intrin-
sically motivating [18] that would also benefit students in an educational way, and
incorporate multiple modalities for learning and documenting their understanding.

For students to be able to take on this task in teams, they would need to understand
the purpose of the challenge, research what already exists in the market, gaps in
education that could benefit from new methods or gaps in gaming, the capability of
pen and touch at this point and envisioning what could be in the future. To make a
compelling case, they would need to identify and present a twist to capture multiple
audiences, educators and students, so both could see the value in the final product.
This meant students needed to know something about pedagogy. Some students had
previous experience with designing, testing, implementing gaming and conducting
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small-scale research studies on gaming in the classroom. The WIPTTE challenge
allowed students to practice research skills, identify a topic of focus, review what
currently exists, answer a question and the challenge of designing.

WIPTTEHigh School Design challenge allowed them to take that knowledge and
imagine what it would be like to envision and design a marketable product and pitch
it to a group of experts. Prior to the challenge, students studied Common Core State
Standards and teammembers imagined what type of standards could apply to a range
of education settings or digital media. They had those in mind as goals to help form
the direction of their challenge.

This process was not automatic. It took time for students to practice. The next
section gives students voice in the conversation to help adults understand their process
at the challenge and what skills they learned in school to help prepare them. This
was their contribution to a broader conversation. It allowed a new generation to be
empowered to see how their voice sparked thought and innovation. As teams chose
names for the competition, the first team towrite showed they saw value in examining
the past, the present, and future whilemaintaining their cultural identity. TeamR.A.P.
wrote the first section collaboratively.

26.2 Respice, Adspice, Prospice: Examine the Past,
Examine the Present, Examine the Future

A group of five girls attending Renton Preparatory Christian School were part of
team they called R.A.P (Respice, adspice, prospice). This team wanted to reflect
their cultural identity in their team name and the goal of their World Language focus
in their game design. Their team name became part of the inspiration of their game,
much like a language to decipher. Each girl comes from a different ethnic background
and wanted to capture a historical richness in the game they designed to reflect the
past, present, and future of World Language Learning. They chose Latin to represent
scientific language, and its acronym reflected a modern music genera. They are all
students of color within the 13–16 age range. Their inspiration for a game using pen
and touch technology came from an interest inWorld Language learning. They could
easily acknowledge the hardships of attempting to learn a language with only one
resource available for use. With a limited amount of reference tools, it can be quite
difficult for one to effectively learn a language, or any subject matter, in a fulfilling
and efficient manner. So when the group, otherwise referred to as Team R.A.P., were
informed of an upcoming game design contest revolved around the teaching of a
school subject, they saw this as an opportunity to put their ideas into action.

The contest was held on April 29, 2015 at the Microsoft campus in Redmond,
Washington, as part of the ninth annual Workshop on the Impact of Pen and Touch
Technology on Education (WIPTTE). The challenge’s designated target audience
consisted of high school students, and in groups, they were asked to create a concept
for a “gamified” touch screen application that could teach a topic typically learned in
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Fig. 26.1 Reviewing what
exists

either elementary, middle, or high school. The learning could happen for students in
school or outside of school. Restrictions set in placewere the explicit incorporation of
tablet touch and gesture functionality, as well as the attraction of users for long-term
use (Fig. 26.1).

To prepare for the event, the team worked alongside their classmates at school to
start forming potential game concepts. Since the prompt for the challenge could not
to be released prior to competition day, the students worked on developing ideas for
games under the broad category of “educational game designs.”

The group thought like designers: reading various articles online, searching on app
stores to see what already existed and what was yet to be developed, and asking one
another what tools they wish they had to help them learn. Along the way, they also
researchedCommonCore State Standards, aswell as standards forWorld Languages.

All students in the group expressed the difficulties they had with learning a world
language successfully through an online course. “Weweren’t getting the conversation
component that was crucial for learning a language, and even though we had some
images,weweren’t getting avisual component thatwas alsoneeded” said one student.

Naomi, one member of the group, came up with a concept loosely based off Sims
(in terms of economy, virtual avatars, as well as virtual reality) that allowed students
to experience the life of the country of the language they were learning. A player
could get directions to amovie theater, go inside andwatch a film in the language they
were learning with or without subtitles. They could write letters to friends about the
movie. They could learn to purchase groceries and learn the currency of the country,
exchange rates and cultural norms as part of learning about global economy in the
context of learning a language. They could purchase clothing and look at style trends
that would get updated. Drawing through inking could be part of exploring careers in
those countries that required design. For example, if a student was learning Italian,
they could go to Milan, and explore how a fashion designer works with technology
and the engineering with pattern design, sketch their own designs and see themwork.
They could interact with clients and learn colors and shapes. At restaurants, students
would practice ordering food and paying according to local customs. Game players
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could learn about history and context of culture through exploration of towns, cities,
villages, and communities and learn the geography as they walk and travel. Music
and artists work could be part of interactive components. Other players could add
their own music or favorite things from their area so others can experience it.

Characters comprising World Languages from Asian countries are much better
to practice with inking than trying to keyboard type. There could be places to learn
calligraphy and other forms of art. People can upload photographs from actual travels
and tag them.Writing things correctly could unlock other features as a student learns
to communicate better verbally and in written digital ink. There already exists ink
recognition to make this possible.

Tomake the experience real and collaborative, it could be aMassivelyMultiplayer
Online Role-Playing Game (MMORPG). where avatars could interact with others
and get a chance to talk with native speakers in different countries or connect with
teachers in different countries. Teachers could connect with classes and swap the
ability to score other student’s work, like an exchange program for teachers and
share learning ideas. Teachers could have access to student accounts if they wanted
to make the game part of blended learning, or students could learn independently.

To make it a STEM game, students could practice going to medical facilities and
asking for help in case of emergency. While at a hospital, they could learn about
viruses, broken bones, medical reactions and other medical or legal practices. This
would help prepare people for emergencies if they end up studying or living abroad.
Some of these components could also inspire careers or study abroad.

Live & Learn, a program concept formed by five girls, focused on helping others
learn a language in a fun and collaborative way utilizing inking technology to learn
to write the language. There exist language learning apps and games, but to our
knowledge, there does not yet exist a game that teaches students to correctly form
letters or characters in the language they are learning, practice writing for accuracy
and communicate with inking. In Live & Learn, users can virtually visit a country,
learn about its culture and geography with interactive activities and practice writing
skills when completing assignments. Student competencies can be recorded and
documented and scores in the game can be translated to competency and standards
mastery.

In pitching the idea at WIPTTE, the team members each took a section to talk
about and practiced their pitch during the time they were designing. One of the
students, Jasmine, watches Shark Tank and decided to model her introduction after
the pitches that had effective and persuasive elements. Their team took 1st place
in the design challenge. Several of the team members in this team and one in the
Plumbum and Touch team were so inspired by the experience they spent a large part
of the summer drafting a research proposal for the Surface Hub. They learned how to
develop research questions, investigate knowledge in published literature, construct a
design, and identify a budget.WIPTTE inspired a call to action. Two students, Kayla,
and Tiffany entered college early as a Junior in high school since the experience at
WIPTTE and have sought out internships in the technology field. Kayla opted to
take a research writing course her first year of college because she was inspired. This
team also went on to submitting their design as a proposal for International Society
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for Technology in Education and presented in Philadelphia, PA in June 2015, and
then was asked to present for the Los Angeles Unified School District Redefining
Learning conference. They also presented at iNACOL (International Association for
K-12 Online Learning) in Orlando, FL in November 2015.

26.3 Plumbum and Touch

For the design game concept called, Plumbum and Touch, our team decided to create
a concept for a STEM game where the objective was to create 3D objects using touch
in order to complete certain tasks, such as getting a plane to fly through a hoop, or a
catapult to destroy a tower. To see a student created media presentation on a mobile
device or computer go to: https://doc.co/jRszUA/nTs872 or scan Fig. 26.2.

To set our idea in motion, we decided to use our group’s favorite subjects, and we
ended up with History, Science, and Art. To our knowledge, after searching games
for education on the market, we found no other concept like it that included inking
and touch. No other time in history beside the Renaissance would fit our concept
as well to combine these subjects and achieve the look and feel of a game that we
wanted to create. We developed our concept by placing the player into the time of
the Renaissance, where the player would be commissioned every week by a digital
contractor to create machines to contractor’s liking.

From there,we looked at the components of STEMand identified learning inherent
in the process that pushed creativity and innovation. It is essential to learn from
mistakes and redesign. We decided to implement this into the concept by having the
player test his mechanism and have a questionnaire that a teacher could read. The
questionnaire would be a type of hidden formative assessment to ask questions such
as, what failed? What worked? What would you do differently if you had another
chance? The player would be given more chances to build on what they learned from
failure. This was the first round of brainstorming.

We also decided to take inspiration from one of the biggest video game companies
in the world, Valve Software. Their product, Steam, is a program where people can
buy games, connect with friends online to play games, and upload different artworks
or concepts that can put added to a game. To incorporate this into our concept, we
decided to allow the game player to share contraptions for the weekly job presented
by the contractor. There is power in peer review and feedback. If a player is playing

Fig. 26.2 Scan the QR code
to see student created media

https://doc.co/jRszUA/nTs872
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the game at home and does not have a built-in classroom community, they can share
what they built on the internet with a global community of builders. It could also
be adapted for classroom use and help teachers who are new to teaching STEM
projects. The game could serve as a guide to support them in helping their students
design, fail, redesign, and provide feedback to others based onwhat they learned. The
contraptions could be evaluated and rated by the community online. The community
would rate the contraptions by downloading other people’s contraptions and testing
it.

Our team discussed multiple potential ways of testing. The first way would be
to have a game mechanism that would allow virtual testing with authentic physics
responses. This would bring in another element of physics learning that could be
expanded later. Second, we thought about blending physical Maker Space concepts
with virtual Maker Space concepts. Designs could be sketched with digital ink. The
program would help generate patterns that people could use to create objects in real
life. The challenge of identifying materials that would work, and getting feedback
from a community of builders could also increase critical thinking and collaboration
skills. When people build their design or contraption they could record it being
tested in a real-world environment and upload a video to the community for review,
feedback, and votes.

After building the main concept of the game, we started working on how we
can start making the game relevant to our target audience, of being for all ages and
ability levels. For lower levels, we wanted to include the basics, such as just the
structure of a contraption, with controlled choices. This could let children as young
as kindergarten see cause and effect and basic science concepts while practicing
sketches. This could also be basic level for adults. Basic templates could be provided
and simpler designs for building would be available. For children who advance
through those levels or for the high school or college grade level, contraptions would
require additional constraints, more technical knowledge such as aerodynamics or
gravity, and potentially computer drafting and up through architectural programs,
coding and virtual or augmented reality like HoloLens or Vive. Digital inking and
touch could expand to haptic feedback as the designs transition from a mobile device
to virtual or augmented space.

Part of our school design as students trains us to look at learning process and
learning goals.We already started looking at CommonCore State Standards for other
projects. We investigated what they meant and how people could demonstrate that
kind of knowledge. Going into the WIPTTE high school design challenge, each of
our team picked Common Core State Standards we thought could apply to whatever
the challenge could be and figured ways to draw on ideas that would help meet those
goals of learning, even if the learning was implicit. We learned about implicit and
explicit knowledge from research we did in gaming with Portal 2 with our teacher
across several years. Learning can happen in games when people do not know they
are learning. We want them to transfer learning [2, 19]. Building and reflecting can
help with that. Inking and touch allow for that process in a different way than not
having that ability.
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After we finished the concept of our game, created the visuals, user interface, and
models to display the concept, we practiced the presentation hoping towin first place,
and made the presentation to the judges, and made the presentation to the judges.
We were awarded fourth place. We learned from feedback what part of our pitch was
not clear. We were grateful for a second chance to show our idea at ISTE and now
this publication.

26.4 Reflections from a Teacher

In 2011 during the Microsoft Innovative Educator U.S. Forum, high school teacher
Michelle Zimmerman took a tour of theHome of the Future in the EnvisioningCenter
on the Microsoft Redmond Campus with a team of educators. The tour guides asked
them to imagine what their classrooms might be like in the next 5–10 years if homes
had the capabilities they imagined. At the time, she wished that someday she would
be able to share that experience with her students. Four years later that desire became
a reality as they participated in and experienced WIPTTE 2015 at Microsoft.

The students participated in the entire conference, from the keynotes [11, 15] to the
You-Try-Its [12, 16, 24, 28], and interacted with influential researchers and design-
ers; Jonathan Grudin and Michel Pahud from Microsoft Research; Chris Pratley for
reaching out to the Sway team and David Jones for the students to experience the
Envisioning Center.. Microsoft’s Robyn Hrivnatz invited the high school students to
the Global Educator Exchange colocated with WIPTTE and encouraged high school
student Scott Nguyen to boldly speak directly to Microsoft CEO Satya Nadella dur-
ing the Fireside Chat at the Global Educator Exchange. 2014 WIPTTE chair Tracy
Hammond offered the students an opportunity to document their experience through
this publication. Each of these people exemplified a group of exceptional adults who
find value in students’ voices and purpose.

Across those five days, her students experienced a shift in understanding about
education and its possibilities. There, the students did not just envision, they acted.
They provided feedback to the Sway development team, and experienced the power
of voice. Figure26.3 shows Zimmerman’s students during the design process of the
challenge on site during WIPTTE. One of the talks emphasized how the designer
observed hands in detail as he was designing a digital pen so writing could be natural.
He looked at contact points hand made to paper. The students heard how something
seemingly insignificant became crucial in design.

The effect of WIPTTE has been long lasting and impactful. Since then, her stu-
dents submitted eight proposals to ISTE (International Society for Technology in
Education) 2015, which were accepted at workshops, interactive lectures, birds-of-
a-feather, and ISTE Ignite. Kayla, Jasmine, and Scott, inspired by WIPTTE, partic-
ipated in the writing of a Surface Hub for Research proposal during their summer
vacation. The students defined research questions on how to use a pen and touch
device to increase communication and collaboration across a range of ages at two
school sites from Pre-Kindergarten through 10th grade as well as teachers participat-
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Fig. 26.3 Students during
the design process of the
challenge on site during
WIPTTE

ing in a distance learning education program (the Virtual Enhanced Online Master’s
in Technology in Education).

One student was accepted to and provided college credit for The Congress of
Future Medical Leaders in Boston, and noticed parallels between the future of tech-
nology in education and medicine. Two students spoke at a Los Angeles Unified
School District conference. Three students are seriously considering shifting their
career focus toward technology from a different field.

Zimmerman has taught all the grades from Preschool through 10th grade. She
had the opportunity to watch the developmental progression of students in differ-
ent grades while studying Learning sciences and Human Development through the
Ph.D. program at University of Washington, College of Education. As her work has
investigated learning design and the importance of human connection, motivation,
and mentoring, Zimmerman has seen how technology can support increased human
connection. The work on pen and touch technology is one of the most exciting areas
to advance the field as it relates to education because of the ability to facilitate
communication and collaboration.

The following sections are a collaborative effort across several high school stu-
dents to express what they experienced betweenApril and June 2015, as it intersected
with their experience in her classroom.

26.5 The Future of Education, by Tiffany Dinh and Kayla
Gonzalvo

The future is approaching quickly and technology is already becoming a part of our
everyday lives. At theWorkshop on the Impact of Pen and Touch Technology on Edu-
cation (WIPTTE) in April 2015, we learned about the ways technology developers
have already collaborated with educators to explore how technology and education
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can actually work together. This is true for education and training of people who
are pursuing a medical career. At the Envisioning Center, we saw the vision of what
types of tools could do to assist medical leaders in collaborating to solve problems
across distance, ranging from diagnosis to developing parts for prosthetics. “Increas-
ingly, you’ll learn by simulations,” said Dr. Stephen Ray Mitchell [13]. This relates
to certain video games and how they imitate reality through the way the game is
designed. A good example of gaming and simulation for solving problems in the
medical field is a game called, Foldit, where “Gamers have solved the structure
of a retrovirus enzyme whose configuration had stumped scientists for more than
a decade. The gamers achieved their discovery by playing Foldit, an online game
that allows players to collaborate and compete in predicting the structure of protein
molecules” [9].

Our class has workedwith gaming in the classroom from 2011 to 2015 and several
of us, including Jasmine Fernandez and Scott Nguyen have presented on their work
with Portal 2 in the classroom. Although the game was not made specifically for the
purpose of education, there were physics and mathematical simulations as part of
the game. We looked at implicit-to-explicit knowledge extraction and what happens
when students are having so much fun playing a game that they do not realize they
are learning. We imagine this becoming more and more part of education. We know
WIPTTE imagines this as well.

During the High School Design Challenge at WIPTTE 2015, our goal was to
create a game that helped students learn a concept using pen and touch technology.
Students can relate video gaming to their own lives by adapting certain skills from
those games and using them in their everyday lives as well as in school. Video games
can be part of education for they can teach different skills and allow students to open
up their minds and start thinking of how they could complete a level. Applying this
to medical knowledge and training, we heard about the use of 3D printing for parts,
and saw how motion sensors like Kinect could impact physical therapy. We imagine
concepts could be combined with gaming for children or adults who do not want to
do physical therapy on their own.

Figure26.4 shows Tiffany Dinh taking notes connecting technology and the field
of medicine.

Dr. Craig Venter stated that soon doctors and nurses may have the capability to
email vaccines [25]. They were talking about coding and looking at genetic code. It
would allow people in remote locations to access life-saving information that could
help them create a vaccine they needed in a short amount of time, with less resources.

Since the 3D printer has already been invented, printing parts for medical equip-
ment, prosthetics, or even surgical tools, could be a breakthrough. This would allow
the medical schools to teach medical students an easy and quick way to treat their
patients. If education and technology have already teamed up, other career fields such
as the medical field will enhance and improve the direction education is heading. We
have seen innovations in medicine through times of crisis and through necessity.
Those innovations lead to more refined technologies used by the general public.

We also envision that sooner in the future children as young as Pre-Kindergarten
will have access to technologies that replace textbooks and, young as they are, they
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Fig. 26.4 Tiffany Dinh
takes notes connecting
technology and the field of
medicine at the Congress for
Future Medical Leaders
established through the
National Academy of Future
Physicians and Medical
Leaders held at the
University of Massachusetts
in June 2015

Fig. 26.5 Two high school
mentors, Kayla Gonzalvo
and Genesis Conyers guide
younger learners in science,
as they introduce them to
more complex anatomy and
physiology concepts

might even begin to research and discover things that could interest them at an early
age. Figure26.5 shows two high school mentors, Kayla Gonzalvo andGenesis Cony-
ers, guiding younger learners in science, as they introduce them to more complex
anatomy and physiology concepts. The future of education needs to focus on train-
ing children to think and ask essential questions, to find problems that impact their
lives, the community, and globally, and a will to do something to create change. This
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allows little children to be able to open their eyes and see the broad perspective that
adults see. We may even have children assist scientists, researchers, developers, or
educators in their research since they have a perspective that we do not have and
can be far more creative than we are, because they do not have all the constraints of
knowing what is thought to be impossible.

An example of this is a twelve year-old boy name Carson Barry, who is currently
researching about concussions and has been interested in researching the possible
correlation between concussions and suicide [1]. During his talk at The Congress
for Future Medical Leaders at University of Massachusetts Lowell, June 2015, he
discussed using helmets with sensors that notify him whether or not an athlete would
report their injuries or symptoms to an adult. If this child has already started his
research, I’m sure other children, possibly younger, could start researching on their
own. When we mentored little buddies in Kindergarten in our school, they were
already coming up with great ideas they wanted to investigate and share with others.
The future of education will look at the complexity of thought children can have
and encourage it. It is never too early to start and develop new technologies and
brainstorming possibilities for the future.

We believe that student voice is essential for driving the future of education [30].
From personal experiences, each student in our group has found an importance in
their voice. We see that students will have more control in their education in a way so
that they can guide their own learning.We believe this. We believe that what students
think matters.

26.6 The Future of Education, by Scott Nguyen

26.6.1 The Absent Future

Imagine a future where students do not physically have to be at school, but learn
at home. Allowing students to work at home gives them a comfortable environment
rather than an unfamiliar building. Advancements in technology allow students to be
inside the classroom without physically being there. Technology like holograms and
the HoloLens are examples of these types of situations. Since collaboration is a key
part in education, and holograms can put the students inside a virtual environment,
the students can experience things with each other that they would not normally
be able to experience in real life, such as environments in space. The Surface Hub
mainly allows collaboration in person, however, using the Surface Hub has many
features that allow the collaboration between multiple people in different areas. The
virtual environments could also help each of the students learn from each other, as
more collaboration can invoke curiosity, as well as having the students help each
other through specific tasks.
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26.6.2 Collaboration

Memories made through working with others can be retained much better than just
sitting and listening to someone, and this can greatly benefit students. We see the
future holds much more than different class periods with desks and rows, we see
classes where students are encouraged to teach one another new things from their
own experiences instead of only using textbooks and lectures. Our class already
does this, but it is still new to many people. This is potentially positive as interaction
between students and teachers can induce emotion and create more vivid memories
of what the students are learning about. This method can also teach skills to students
needed in the workplace. The factory education system, as many of us know, is
becoming outdated and no longer matches the end goals for educating a society
where many of those type of skills can be done by machines or computers. During
the Industrial Revolution, the time that schools were being started, this system was
good as it trained students to work in a factory by responding to a bell to change
shifts or periods. Today, the workforce requires workers that are competent and able
to collaborate with other employees and be able to adapt to varying situations.

26.6.3 Artifacting

Standardized tests are not the best ways to show what someone has learned, and
many schools are beginning to realize that. Some students learn in different ways,
some learn visually while others can learn hands on, which makes it hard to measure
what the student has gained from school. Like in the previous section that talked
about collaboration, with different group projects, such as creating short films to
demonstrate learning can bring out student’s strengths, and exposes their weaknesses
soother students canhelp thembecomebetter.Wedo that through aprocess of critique
and revision of multiple drafts. We create rubrics based on what we notice is most
effective during draft phases and how to demonstrate clear learning. As we watched
the video on Future Productivity Group projects that bring out what the students have
learned can also benefit many others, as the Internet is a means to share that artifact
that students have created for others to view and learn from.

26.6.4 Student Guidance

Student voice is incredibly important when it comes to education, as they are the
ones learning. I see students having much more control over what they are learning
in the future. We still want students to have a well-rounded education, however, we
want students to be able to choose the type of content they want to learn, so that
they are able to be more engaged and receive more from the information. Though
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students are able to choose their own classes in school, they do not typically have
much control in what they learn in that class. From this, I see that teachers should
be more of a guide to spark interest and questions for further learning rather than
maintaining entire responsibility of course design or dissemination. Students then
could teach one another what they have learned, as discussed earlier, to help one
another learn about certain topics. We currently do this at my school, but with the
support of new tools in the future, I imagine adaptive technologies that allow students
to build their courses.

26.7 The Future of Education, by Jasmine Fernandez

Although there are schools that utilize technology for educational purposes, the
majority of schools across the world have yet to come to this level of advancement
within their classrooms. Many seem to overlook the positives of technology and
argue that it has been brought into this world with cruel intentions: to decrease social
skills. There are times that this statement can be found true, and unfortunately, many
people nowadays see it that way. The point I am trying to make is that this entire
way of thinking can be changed, for technology is rapidly advancing and growing in
spectacular ways at this moment. Technology can have a negative effect on society,
but that is not always the case, especially from my experience at my school. One
day, I envision that technological devices will be found in every classroom, for
both communication and collaboration purposes, ultimately benefiting students in
amazing ways.

26.7.1 Envisioning

In June of 2015, two of my classmates, my teacher, and I developed a proposal in the
form of a paper stating how our school could possibly use a Surface Hub to enhance
learning and conduct research in the classroom setting [29]. The primary question we
came up with for our paper revolved around the idea of what collaboration between
students, ranging from pre-kindergarten to graduate school educational levels, in
different campus sites would look like utilizing Surface Hubs to collaborate and
communicate. Therewould bemultiple levels of focus. First, we decided that students
could work together on group projects within their own class. Second, students
could collaborate across classrooms or campuses by using Surface Hub to mentoring
younger grade levels and help teach them to use the right tools for the right job, digital
citizenship with authentic projects, and collaboratively create with inking. Third,
the teachers could collaborate as they are designing learning or while our classes
are collaborating. It could be easier for them to harness experts from outside the
classroom, and work with each other, especially the teachers working on their own
Master’s graduate online program while teaching us and researching how well their
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Fig. 26.6 Kayla Gonzalvo
and Jasmine Fernandez
explain Sway to a teacher at
the International Society in
Education, June 2015,
introducing the concept of
the design challenge and
their concept

designs work in class. We have learned that teachers guide students, but students
also inspire learning in teachers. In this way, Surface Hub can allow for a range
of skill development from handwriting in Pre-Kindergarten to solving problems
collaboratively as Graduate Students who are currently our teachers and leading
us by modeling what they want us to do by asking essential questions. Student
collaboration + various ages and education levels + multiple locations + an ever-
present use of communication and social skills, despite the fact that technology is
being used = the direction that I think the education system of the future should
progress in.

26.7.2 Experience

Myformermiddle school class and the ninth grade class of Philadelphia-basedSchool
of the Future collaborated via the Internet in the 2012 and 2013 academic years. We
worked as mentors in a way, but the form was through critiquing student-made video
tutorials. The overall experience was great and students were given the opportunity
to gain so much more knowledge in terms of how to use Movie Maker, Community
Clips, as well as communication and collaboration skills to make our message clear
and teach a skill to another audience. By looking at tutorials created by other students
on the opposite side of the United States, we were able to see successes and failures
more easily than when we just looked at our own. We could be more objective. Some
of us also got slightly competitive, because we wanted to show that we could make
a tutorial just as good if not better than kids who were older than us. That got us to
revise our work and come to a consensus about which things were most effective
and which things were not helpful. We got better at storytelling, video-editing, and
conveying ideas.
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However, reflecting back on this partnership, it is evident that despite the positives,
collaboration could have been carried out much more effectively had it been for
the Surface Hub. Students and teachers were limited to physically writing out their
opinions in the form of a list, but with this device, communication could be advanced
to simultaneous video, inking, and audio usage. Students would be given the ability
to virtually travel and talk to students across the globe, and provide instant feedback
to one another by speaking, opposed to typing.

Thiswould havebeen especially helpfulwhen theCEOofCorinth,OndrejHomola
found a team’s tutorials on YouTube and their company from the Czech Republic
contacted us in Seattle and formed a partnership across distance. Our teacher told us
to do our best work, because we never knewwhomay find it somewhere in the world.
None of us realized it would become a reality so soon.We also did not imagine thatwe
would present at a conference with the CEO, the teacher from Philadelphia, and our
teacher at International Society for Technology in Education in 2014. Inking could
be used to write out thoughts and jot down notes regarding video critique, sketch
ideas, draw plans for storyboarding, sketch designs for new products, all the more
providing another effective visual aspect of collaboration. Figure26.6 shows Kayla
Gonzalvo and Jasmine Fernandez explaining Sway to a teacher at the International
Society for Technology in Education, June 2015. Gonzalvo and Fernandez introduce
the concept of the design challenge and their concept.

26.7.3 Interaction and Application

However, not only could the Surface Hub be found applicable to critiquing video
tutorials, but to a whole range of student projects. In the 2014–2015 school year,
8th–10th grade students took an anatomy and physiology course created by Florida
Virtual Schools. For one of our group projects, we were instructed to create a replica
of some type of bone structure.Weworked in small groups of 3–4 people, but imagine
if this project was taken to awhole new level with an international school or experts in
related fields. With technology, it can. Students could virtually create the bone on the
device or share pictures of their physical replicas with students or experts across the
globe doing the same project or observing. Models could be replicated, refined, and
printed out with 3D printers. As mentioned previously, students would also have the
chance to communicate via dual cameras and audio.We recently talked to aMicrosoft
researcher who specializes in haptic touch, and if the Surface Hub incorporated this
component into its capabilities, students would then have the opportunity to actually
feel the structure of the bone, crevices and all. It would give us a whole new way to
practice palpation as part of that course.Our teacher blended the online course content
from Florida Virtual Schools with inclass Science, Technology, Engineering, Arts
and Mathematics (STEAM) project based learning. Since we helped design projects
for blended learning, we imagine helping to design learning with haptic feedback,
3D printers, and other tools in the future.
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This is just one scenario in the classroom where technology can be made useful.
If executed properly, student interaction with electronic devices can be extremely
positive and beneficial. Current traditional education is outdated; it needs something
new and innovative to keep up with technological advancements. Education should
not be restricted to textbooks and lectures, but expanded to interaction and collabo-
ration across multiple platforms and modalities. Just imagine what will happen when
we bring in gesture, with things like Kinect, and HoloLens.

We have already had a glimpse of learning like this with experts, other teachers
and students in different locations in our same country and globally, but we envision
that in the future, we will be able to break language barriers with tools like Skype
with translation by speaking, connecting our ideas, visions, with people who have the
expertise to help us carry it out, mutually benefiting us and the global community.
At the Envisioning Center, we were able to see what this may look like in 5–10
years. When that happens, we will be able to say we saw it coming and are part of
the innovation as college students or interns. This is my vision for where I see our
future in education going, and one day, I hope to see it being carried out in all schools
worldwide.

26.8 Biographies

All four high school students are participating in the Renton Prep High School
Apprentice program that helps students gain college and career readiness experience.

KaylaGonzalvo is a junior andwas accepted to begin studying full time atBellevue
College in Autumn 2015 to obtain her A.S. Direct Transfer Agreement through
Running Start. She is certified in Microsoft Office.

Jasmine Fernandez, is a freshman in high school and was requested by Microsoft
to speak for Los Angeles Unified School District in August 2015.

Kayla Gonzalvo and Jasmine Fernandez recently attended the International Soci-
ety for Technology in Education 2015 held in Philadelphia. (ISTE 2015 for short)
Jasmine and Kayla presented 3 times with their teacher Michelle Zimmerman and
was interviewed by Robyn Hrivnatz at the Microsoft Learning Lounge.

Scott Nguyen is a sophomore in high school. Scott has worked with Visual Studio
and After Effects and has started a company in building computers.

TiffanyDinh is a junior enrolled in the Running Start Program at Bellevue College
for two years beginning Autumn 2015 where she will transfer to a university. She
recently attended a medical conference in Boston and learned about the different
sciences and technologies that relate to education and its future. It gave her ideas of
where technology and education are headed.

All four students have designed learning environments and evaluated curricula
with the help of Dr. Zimmerman. They have presented at conferences such as ISTE
(International Society for Technology in Education), Northwest Council for Com-
puter Education, Emerald City ComiCon, University of Nebraska–Lincoln Tech
EDGE, SXSWedu (Jasmine and Scott’s proposalswere accepted in the same category
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as adults identified as having an 20% acceptance rate) and International Associa-
tion for K-12 Online Learning. (Figures26.7 and 26.8 show Scott Nguyen, Jennifer
Fernandez, and Jasmine Fernandez preparing to present their workshops.) Jasmine,
Tiffany, and Kayla’s team won first place in the High School Design Challenge at
WIPTTE.

MichelleZimmerman, received her Ph.D. inLearningSciences andHumanDevel-
opment from the University of Washington College of Education in 2011 and has
taught all the grades from Pre-Kindergarten through 10th grade, co-taught, led pro-
fessional development, led the school-wide 1:1 plan, and has presented her research
andwork across the United States and Canada, inspiring her students to join her since
2012. She is concurrently Adjunct Faculty at Concordia University Wisconsin and
is guiding a cohort of educators though a Virtual Enhanced Online Master’s where
they will research and refine their own practice culminating in a capstone that will
benefit the entire school body.

Fig. 26.7 Scott Nguyen at
SXSWedu, March 2015,
preparing to present his
Future 15

Fig. 26.8 Jennifer
Fernandez, Michelle
Zimmerman, and Jasmine
Fernandez prior to
presenting their workshop on
gaming in the classroom at
SXSWedu, March 2015
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