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The iPad Pilot Project: A Faculty Driven Effort to Use Mobile
Technology in the Reinvention of the Liberal Arts

Mark K. McBeth?, Kandi Turley-Ames?, Yolonda Youngs?, Laura Ahola-Young?*,
and Amy Brumfield®

Abstract: Mobile technology is pervasive in society and in particular among young
people. The use of such technology in the classroom can be controversial, and case
studies and data on student perceptions of the technology are rare. This study
presents the results of an iPad Pilot Project sponsored by a college at mid-sized
university in the intermountain western United States. The study intersects the use
of the iPad in the classroom with the reinvention of liberal arts education. Using
case studies and student perceptions from survey data, the study concludes that the
innovative use of the iPads in the classroom can enhance critical thinking, student
collaboration, and classroom participation. The study also details some different
pedagogical challenges of using the iPad in the classroom.

Keywords: iPads, mobile technology, pedagogy
Introduction

While collaboration (George, 1994), critical thinking (Grossman, 1994), and
(today) brain based learning (Bowman, Frame & Kennette, 2013) are regularly thought of
as key elements of the college classroom, it is rare that these three essential elements of
teaching are discussed within the context of mobile learning. In fact, to many faculty
members, technology inhibits collaboration, critical thinking, and student learning. Yet
with the exception of one study (Diemer, Fernandez, & Streepey, 2012), there has been
little empirical research on how iPads influence student perceptions of learning and
engagement and how faculty members teaching with iPads deal with the pedagogical
challenges arising with their use. The iPad Pilot Project (iPP) at Idaho State University
seeks to answer some of the questions that the use of technology has raised in higher
education.

The iPP began with the idea that all students need exposure to technology as a
collaborative and problem-solving tool that complements (not replaces) human interaction.
The iPP also began with the simultaneous ideas that the use of mobile technology had to
be driven from the grassroots through faculty experimentation and discussion of the use of
the technology in the classroom.
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Background

There is a common misconception that technology and a liberal arts education are
on two opposite ends of a continuum. The liberal arts classrooms are, by design, intensely
interactive, and some instructors see technology as interfering with the faculty/student
interaction. Faculty in the iPP, however, saw the potential of leveraging technology in the
liberal arts to facilitate student engagement and further develop the foundational skills that
are critical for a quality undergraduate education. Recently, the importance of a liberal arts
education, as opposed to narrowly focused technological training has been a topic of
significant discussion in academic circles, including the Chronicle of Higher Education
(Beecroft, 2013; Berman, 2013; Berrett, 2013) and Association of American Colleges &
Universities (Humphreys & Kelly, 2014), and in nonacademic circles, including the Wall
Street Journal (Cappelli, 2013) and New York Times (Brooks, 2013; Klinkenborg,
2013). These studies conclude that there is an immediate need in U.S. society for college
graduates with strong critical thinking skills, clear communication skills, creative problem-
solving skills, career-related skills (which often includes technological skills), cultural
competency, and the ability to collaborate. (These are often referred to in our College as
the six “Cs.”). In other words, employers are looking for graduates with an intellectual
profile and transformative skills that will prepare them to operate successfully in a global
society and meet workforce expectations into the future. As educators, we need to identify
strategies to integrate foundational critical liberal arts abilities such as critical thinking,
collaborative learning, and technological skills to better prepare students for a broad range
of careers.

The Project

In the spring of 2013, the College of Arts & Letters at Idaho State University
launched the iPP as an experiment to encourage liberal arts faculty members in the
humanities, fine arts, and social sciences to introduce mobile technology into their
classrooms. Our project goals included seeing how instructors could use technology to
deepen their students’ understanding of their disciplines, how students could interact in
more meaningful ways with the academic material and with each other, and how faculty
could use technology to solve pedagogical challenges. This paper presents case studies
and data from the project including how different instructors used this technology, the
pedagogical foundation that guided them, the results that they observe, and student
perceptions of the iPP.

Kandi Turley-Ames, Dean of the College of Arts & Letters, Associate Dean Mark
McBeth, and Director of Development Heidi Jarvis-Grimes decided to launch the iPP after
consultation with faculty members over an emerging interest in mobile technology in the
classroom nationwide. The college would purchase iPads, invite instructors to apply to use
them, and then furnish each student with an iPad for classroom use.
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Planning the iPP

This project was designed as a collaborative effort between college administrators
and faculty. Like any experiment, literature was reviewed both before and during the
experiment and was used to guide the development, implementation, and evaluation of the
iPP. One element of the iPP that was informed by literature was the creation of faculty
learning communities (Cox, 2003). The idea of faculty learning communities lead the iPP
to avoid any temptation to define exactly how the mobile technology would be used before
it was purchased.

Second, the iPP considered many valid concerns found in teaching journals and
more general literature about inviting (more) technology into the classroom. Nationwide,
faculty views of technology and learning are mixed. Some critics see technology as a tool
that is replacing faculty expertise in the classroom (Bromwich, 2014; Kolowich, 2013) and
larger societal critics see technology as replacing and harming human interactions
(Postman, 1993: Ritzer, 2011). Proponents like Cathy Davidson (2011), however, see
technology opening a new frontier of student-instructor collaborations and she sees the
technology as only improving (not harming) student and faculty interactions. Thus, the iPP
hoped to explore and wrestle with the question of whether technology encourages or
hinders student learning.

Third, the iPP also embraced the five principles proposed by Doering (2007). Using
Doering’s (2007, p. 2) words, there must be an “obvious pedagogical need;” otherwise, the
use of such technology will appear gimmicky. Next, Doering argues that the use of mobile
learning must be based on a pedagogical approach that is grounded in both the theory and
practice of teaching. Additionally, the technology should be inexpensive for users. Finally,
Doering argues that mobile learning technology should be easy to use and free from
technical errors and that the use of mobile technology ultimately should be “empirically
proven by monitoring and evaluation studies” (Doering, 2007, p. 2).

Finally, the iPP based some of their evaluation on work by Diemer and colleagues
(2012) in evaluating the iPP. The authors of this study measured student comfort levels,
student preferences for e-learning, and perceived engagement. The study found that nearly
85% of students were comfortable with the devices, 85% had at least a moderate preference
for e-learning, and that there was a moderate correlation between engagement and levels
of learning (Diemer, et al. 2012, 18-21).

Methods

The iPP was developed to allow the instructors to push the boundaries of their
pedagogy by handing them a new tool that has the potential to enhance pedagogy. The goal
was to test this concept as widely as possible. iPP administrators selected undergraduate
and graduate courses as well as content and methods courses. In the first semester of the
project (fall 2013), iPP administrators selected seven instructors representing a range of
disciplines to participate in the program: art, history, composition, anthropology, public
administration and policy analysis (political science). Another four faculty members joined
in spring 2014. Project participants met regularly in person and through the online message
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board to collaborate and assist each other to experiment with ways to use mobile
technology in the classroom.

Since the iPP was built from the ground up, determining how to evaluate the
program proved challenging. The iPP leadership group eventually settled on four faculty
members that would share their experiences with the iPP in the form of case studies. The
case studies of four faculty members represent a sample of the faculty members who taught
in the first year of the iPP. The case studies included in this study were from faculty in
History, Art, English, and Political Science. The goal of the case studies was to highlight
common pedagogical challenges raised in the project and discuss how faculty met these
challenges.

In order to measure student perceptions, a survey was designed based on initial
project goals and feedback from the midterm meeting. The survey was placed on
SurveyMonkey, and a link was sent to faculty for distribution to students at the end of the
fall 2013 semester. The survey was also administered in the spring of 2014. One hundred
and eighteen students that had enrolled in an iPP class completed the survey during the
2013-2014 school year. The students reported their agreement or disagreement with
statements related to the courses as well as statements about their own technological
preparation, and the role of technology in society. The survey answered four research
questions:

Research Question #1: What were student perceptions of the iPP?

Research Question #2: What were the different ways, according to students, that
the iPads were used in the classroom?

Research Question #3: Were there differences in perceptions of the iPP between
technologically savvy students and less technologically sophisticated students?
Research Question #4: Were there difference in perceptions of the iPP between
Humanities/Fine Arts courses and Social Science courses?

While the case studies and survey helped us address the four research questions,
the iPP additionally had faculty submit comments in writing at both the midterm and final
meetings of the fall 2013 semester. Some of these comments are included in the results
section in order to provide more context to the data. Students also could submit comments
in the student survey and some of these comments are also included.

In the future, the iPP leadership group plans to continue to compile data that will
contribute insights to long-term research questions regarding whether iPads in the
classroom can increase enrollment, improve retention, build career-based skills, and
improve learning among both undergraduates and graduate students.

Case Studies: Pedagogical Challenges

This section of the paper describes the pedagogical challenges that were faced by
faculty members in the iPP and how four faculty members addressed these
challenges. Four of our instructors and co-authors submitted case studies from the arts,
humanities, and social sciences.
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Pedagogical Challenge: How do we prepare our students to enter a digitally enhanced
workplace?

Students’ future employers expect that college graduates will be critical thinkers
with excellent communication skills (Berrett, 2013). In today’s world, however, students
are also expected to be digitally fluent (Pannapacker, 2013). While Idaho State University
has traditional students arriving straight out of high school, we also have non-traditional
students who come back to school after realizing that they are unprepared for the job
market. Our students have a range of technological skills which are determined as much
by socioeconomics as age. As Instructor Brumfield found in her English composition
courses, younger students tend to be more tech savvy than older ones, but age is not the
only factor. There were older students who could run a small computer lab from their
backpacks and back pockets, while some of her young students turned in essays that they
struggled to write on WordPad as evidenced by the excruciating lack of spell check.

Nearly all of our students use technology for their personal use, but poverty and
rural location both limit how much some of our students have access to the basic programs
of the work force like word processing. It is a vicious cycle. Those with the least exposure
to technology at home often have the weakest writing skills. They are at a significant
disadvantage in the collegiate system, and they are in desperate trouble in the professional
world.

All of our graduates need to be comfortable using technology, know its capabilities
and limitations, and, perhaps most importantly for this digital generation, know when to
set it aside. College must prepare them to represent themselves articulately both in person
and the digital world. Our classrooms can help our students to question technology, pushing
them to see how it can build a professional network as fast as a social one or how to use an
existing technology in a new way. With the use of mobile technology, we can help them
apply their critical thinking skills to their digital worlds.

In a study conducted by the Association of American Colleges and Universities
(Humprehys and Kelly, 2014) 4 out 5 employers agreed that students should have a broad
knowledge in the liberal arts and sciences. Further, 93 percent of employers agreed that the
ability to think critically, communicate clearly, and solve complex problems was more
important than a student’s chosen major. Finally, employers indicated that they wanted to
hire individuals who have knowledge that is specific to their field but also broad enough to
collaborate with many different disciplines or fields.

To that end, the iPP faculty participants developed new ways to introduce
technology and critical information skills into their classrooms. For example, [Instructor
Brumfield] uses mobile devices to show her composition students what digital writing tools
are available to help them write, research, cite, and collaborate online. In particular, she
found that many of her freshmen struggled to know how to take notes in lecture. So,
[Instructor Brumfield] creates a collaborative Google doc for each class period and then
takes breaks within the lectures for everyone to do some collaborative note taking. Students
can practice formalizing their thoughts, see what their colleagues caught that they missed,
and interact with each other about the content that they gathered. Students collaborate on
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content while they either gather or share their technological experience. Everyone has
access to a deeply developed page of notes to study after they leave class. Equally
importantly, Instructor Brumfield can see in real time what information was gathered and
what obviously needs to be covered in more depth.

Pedagogical Challenge: How do I engage students with multiple learning styles?

In learning theory, students learn in different ways. Some students learn best in
noisy environments; others need quiet. Some learn best in formal classroom settings
structured around lecture lessons while others thrive in informal classrooms filled with
vigorous debate. Students learning styles can be auditory, visual, and kinesthetic (for a
longer review of learning styles see Denig, 2004). Effective instructors use a wide mix of
learning experiences to engage each kind of student.

Professor Youngs used a variety of iPad activities in an upper division
environmental history course. One of Professor Youngs’s course goals was to explore
mobile learning technology boundaries using a situated, or place-based, learning approach.
Students used iPads both in and out of the classroom to complete an original archival and
field-based research project that blended the method of repeat photography with cultural
geography and environmental history approaches, and extended traditional research
boundaries through collaborative and social media technology.

The repeat photography exercise with the iPads presented multiple approaches to
active learning and problem solving. Students related their experiences for each campus or
downtown session through short, written entries in a class blog as their digital field
journals. After each field day, Professor Youngs held a debriefing session by displaying
the class blog on the classroom projection screen and encouraging students to exchange
ideas and techniques they posted in the blog and explored during the field sessions. The
exercise connected in and out-of-class activities and reinforced class concepts through
repetition and review of materials in different contexts. Students quickly used this in-class
activity time to reflect on their blog comments, discuss technical issues with their iPads,
peer review other students’ comments, and help each other to solve the challenges of
capturing accurate repeat photography while describing historic landscape changes.

The iPads served as useful tools to engage students with multiple learning styles
including text, visual, and oral communication using a variety of apps, digital resources,
visual multimedia presentations, and hands-on learning techniques. Students gained
valuable technology skills for job preparation, improved their research abilities, explored
collaborative learning strategies, and learned course content in a variety of contexts.

Pedagogical Challenge: How do we make the classroom more like the real world?

Leamnson (1999, p. 39) suggests that increasingly students find college courses as
disconnected from real-world problems and view higher education as a “contrived and
artificial system.” With this cynical view, higher education becomes nothing more than a
game played by students. Students take tests, write papers, but see little connection between
what they are doing and the “real world” that they inhabit. Leamnson (1999, p. 39) writes,
“[s]tudents are quite prepared to play a game by any rules we lay down, but they do not
take readily to mixing up ‘school facts’ and their real beliefs.”

6
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Ironically, the traditional classroom reinforces this dynamic in many ways. While
our goal is to push students to think critically and to offer unique solutions to the world’s
problems, some instructors tend to do this by offering a set of concrete materials to master.
Instructors select the reading and lecture materials as well as the ways that our students are
evaluated on those materials. Indeed, students study us at least as much as they study our
material, looking for clues about how they will be evaluated. It is a strategy that has served
them well in their education and employment up to this point. Many of our students hold
jobs where they are expected to perform assigned tasks, not to question how those tasks
are done. They may assume that success inside and outside the classroom will be measured
by how precisely they can regurgitate required materials to show that they reached the exact
same conclusion as their instructor or employer, as it has been up to this point.

Professor Youngs engaged her students in a variety of learning styles using iPads.
Professor Youngs’s research expertise lies in digital technologies and many of Professor
Youngs’s classes are focused on teaching students how to use geospatial and digital
technologies. In class, she modeled a peer-review method by showing the students historic
and contemporary repeat photograph sets from their published or ongoing repeat
photography research projects. Professor Youngs then encouraged the students to review
her photo sets and discuss the accuracy, historical context, and challenges of using this
method. Students used the iPads to explore online, digital photography collections hosted
by museums and local historical associations that featured historical images of campus and
downtown Pocatello. On field days, students used their photo evaluation skills practiced
in the classroom to teach each other in their “backyards” on campus and at various locations
in downtown. Students visited field site locations on campus and downtown where they
created their own photo sets, compared them to their peers’ imagery, and sought advice
from their fellow students about their photos’ accuracy and the historical landscape change.

Students used the iPads to connect course content with real-world applications and
innovative technologies. The iPads allowed students to have hands-on experience in
environments outside of the typical classroom setting. Through this process, they gained
valuable technology skills in preparation for a variety of jobs in digital fields, improved
their research abilities, explored collaborative learning strategies, and learned course
content in a multiple of real-world contexts.

While there is foundational knowledge that simply must be learned, real world solutions to
complex problems are rarely found by seeking out the answers of one expert. We usually stumble
upon problems, reach out to widely varying sources, and integrate the results, often as a team (e.qg.,
Surowiecki, 2005). Employers expect that college graduates are critical thinkers who can
collaborate to solve the problem of their industries.

In the art studio, for example, the iPad creates a space for students to organize, save, and
have their own “digital” space. Professor Ahola-Young creates an environment where students are
using the iPad to organize their portfolio. This portfolio is an absolute necessity for students in a
digital age. Having a digital archive allows the public, potential galleries and design companies
direct access to an artist’s work. Like David Burns (2010) expressed, “Historically, space and
capital limitations restricted the public’s accessibility to artwork, but the growth of mass digital
reproduction and alternative forms of art exhibition space is having a profound effect on the
valuation of digital media arts work.”

With the iPad, students become active members, citizens even, of the digital (global)
community. Students are able to travel the contemporary art world and find artists they relate to.

7
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Professor Ahola-Young further encourages students to engage with the larger art community
through the iPad by researching images and contemporary artists while in the studio classroom.

Pedagogical Challenge: I am an expert in X, not technology. What/how could | possibly
teach with it?

Some faculty members dread introducing more technology in their classroom
because our disciplines do not focus on technology as part of our learning materials. Some
of us may feel like we are ill equipped to teach with technology, and that instruction is best
left to more specialized instructors. Many of our disciplines are not (at least not yet) focused
on the integration of electronic materials into our course content. Particularly in the liberal
arts, we may focus a great deal of our time on interpersonal communication. We design
spirited debate and critical thinking exercises that engage students with each other and their
instructors. There is an expectation that instructors will be experts in the materials that they
present. Essentially, this means that our debates with students are largely rhetorical. These
debates aim instead to check the students’ understanding rather than expanding our own.
Integrating technology can unsettle this expectation by encouraging and sometimes forcing
us to ask open questions with unknown answers.

This goes against convention. Traditionally, classroom college teaching focused on
lecturing as the major pedagogical tool of the college teacher (i.e., the “sage on the stage”).
While lecturing continues to play an important role in the college classroom, the exclusive
use of lecturing has fallen out of favor in academic circles as studies in learning theory
(e.g., Ambrose et al., 2010; Leamnson, 2009) have led many faculty to use a more dynamic,
student-centered, and mixed-methods approaches in the classroom. This new pedagogical
model showcases the faculty member as not only a content expert but also a facilitator of
learning. Importantly, in this model of teaching, the shift in focus in the classroom moves
from the professor to the students and specifically the students’ learning. This is sometimes
referred to as “flipping the classroom” (Brame 2013; Davidson, 2011, Mangan, 2013;
Potter, 2013). Rajasingham (2011, p. 5) argues in this regard that mobile learning can
“provide the bridge for communications and interactions between learner, teacher,
knowledge, and problem as a collaborative process, in synchronous (real-time) systems.”

When Instructor Brumfield first learned that she would have access to mobile
technology in her English 1101 course, her first thought was “Those could be so helpful”
and her second thought was “This is bound to go badly for awhile.” While Instructor
Brumfield likes technology, she has not the slightest doubt that many of her students use
technology far more efficiently and creatively than she does. Her primary worry was that
she would waste valuable class time struggling with technology and that the course content
would suffer, taking her credibility along with it.

Though doubts loomed, Professor Brumfield took this risk because professional
writing has expanded far past simple word processing. We know earlier that Professor B
used a collaborative Google docs. In fact, many documents are developed collaboratively
and disseminated through a multitude of platforms. While she knows well how the
arguments and mechanical skills need to be developed, she thought it entirely possible that
her students will have a wider range of ideas about how to collaborate during the writing
process and how to disseminate the finished products. [Instructor B]’s goal was ask to

8
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questions that allowed for very open pathways to find answers, in the hopes of expanding
her own knowledge along with her students.

Pedagogical Challenge: How do we get our students to think critically and push beyond
their first predictable response to a question?

Particularly in the humanities and social sciences, there has been much discussion
about retooling education to better connect graduates to workplace needs without
sacrificing intellectual quality (Berrett, 2012; Jenkins, 2011; Pannapacker, 2013; Potter
2013). The liberal arts already excel at teaching our students how to see problems from a
variety of angles, how to formulate the right questions, and how to seek answers in
unconventional places. Employers seek out our graduates because they are curious and
creative, write clearly, research well, learn quickly, and have excellent critical thinking
skills (Pannapacker, 2013). We wanted to see where technology could help push students
to ask rigorous research questions so that they could find innovative answers—first in a
classroom and later in a career.

Professor Ahola-Young designs her art classes so that her art students not only think
critically, but also see critically. Students often rely on cliché imagery when faced with the
proverbial “blank canvas.” Using the iPad to access additional information (e.g., images)
opens up various possibilities for students to push past what previously had seen like
obvious “solutions.” Drawing requires considerable stillness and contemplation, art is a
visual language and to communicate effectively means to design well. With the iPad in
hand, students are able to evaluate image possibilities before ever touching pencil to paper.
Students demonstrate less anxiety and frustration when able to play with the camera and
drawing apps (e.g., Sketchbook express) then they typically do when using only paper. All
art students, even professional artists, realize that an artworks meaning (for both the maker
and the viewer) is open, can change over time, and is interpreted in many ways. As Lambert
(2006) argues, “In art production, students seek solutions for how to convey meaning with
visual imagery; and in critiquing art they seek answers on interpreting the work of others.
Neither type of inquiry is clear or straightforward” (216). As artists, we have no control
over this process but are constantly deeply engaged within it through dialogue, active
looking, critiques, revisions, and questioning. Because works of art have multiple
meanings, these investigations by students inevitably lead to critical thinking. Research
shows that learning in the arts is largely inquiry based and that “A consensus of findings
in research on education and critical thinking indicates that an inquiry based curriculum
positively influences gains in critical thinking” (Lambert, 2006, p. 216). Art Educators
purposely create assignments that are open ended and ambiguous. As Steve Jobs said,
“Creativity is just connecting things” (Wolf, 1999). The iPad, and apps for drawing, allow
students to merge, connect, and layer images while maintaining the integrity of originals.

Pedagogical Challenge: How do | see what my students have grasped and what needs more
clarification?

Students learn best through active learning and problem solving (Edens, 2000;
Smith et al., 2005). Problem-based learning is student-centered, uses group work, changes

9
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the role of the professor to one of a facilitator, presents problems to be solved, and creates
a drive for self-learning in the student (Smith et al., 2000). According to Smith et al. (2005,
pp. 8-9) a problem-solving approach to teaching promotes “positive interdependence”
among students, “face to face” interactions between students and the professor, student
responsibility, teamwork, and “group processing.” Typically, such active learning
deemphasizes the lecture in favor of cases, student simulations, role-playing, and other
pedagogical methods (Leamnson, 1999, pp. 83-117).

A major challenge to problem-based learning (and indeed teaching as a whole) is
to determine what a student has learned from it and where they still struggle. As Angelo
and Cross (1993) argue, “students need to receive appropriate and focused feedback early
and often” so that they can “assess their own learning” (9). While classroom assessment
techniques (CATs) have been used for many years, the traditional classroom makes it
difficult to offer immediate and personalized feedback. Often, the only personalized
feedback a student receives from some instructors is on the test or essay she/he has already
completed, which is far too late to help her/him learn. Some faculty wish we could peer
inside our students’ minds to see what they understand and where they need clarification.

Technology can get us closer to fulfilling that wish. For example, Instructor
Brumfield was deeply frustrated by her composition students’ prolific and repetitive
grammar errors. More specifically, she was deeply frustrated by her inability to stop them.
Because she only got to interact with a student’s individual writing a few times a semester,
there was little opportunity to see their problems and few effective ways to fix them. With
the iPads in hand, she searched for ways that technology could let her interact with each of
her students’ writing in real time so that she could see the problems in development, where
her lessons were failing to connect, and how to build those lessons differently to get a
better, deeper understanding. She used programs like LectureTools and Socrative to do real
time writing practice. Every student could submit an answer anonymously, their answers
were gathered and displayed instantly, and every text could be discussed as a group without
anyone feeling singled out for their mistakes. Indeed, most of the time, students could see
that everyone made mistakes and that mistakes weren’t fatal. Mistakes were even helpful
since it allowed them to critically analyze what went wrong and how to make it right.

Equally importantly, Instructor Brumfield could see that she was presenting far too
much information in one step. By watching her students struggle and carefully studying
the pattern of mistakes, she could see that it takes a sophisticated series of semantic
diagnoses to correctly place even a simple comma, which isn’t the slightest bit simple to a
novice writer. By having access to this level of feedback, she renovated her entire series of
lessons to include more elementary information, much smaller steps, and clearer diagnostic
markers to help her students see the logic behind their choices.

Pedagogical Challenge: Can mobile technology promote better classroom discussion and
classroom interaction?

Some scholars have voiced a concern that technology, specifically social media and
other communication platforms, are producing a society where we, as Turkle (2010)
explains in the title of her book, are “alone together.” The concern is that interpersonal
relationships are lost in technologically mediated interactions (Bromwich 2014). Some
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faculty participants in the iPP worried that the use of iPads in the classroom would harm
the vital interpersonal communication and discussion that occurs in a face-to-face
classroom. Not only is such communication and discussion valued by faculty, but
interpersonal communication is a key attribute of what the humanities and social sciences
contribute to a student’s intellectual growth. Yet, it is possible to find ways to retain and
even enhance interpersonal communication with technology (e.g., Baym, 2010).

Professor McBeth was leery about introducing iPads into his upper-division and
graduate level public policy analysis course. He specifically designs his course to have very
active exchanges between his students and him, and he was justifiably worried that the
iPads would break that dynamic. He slowly introduced small experiments into each three-
hour class and carefully watched to see how the dynamics of the class shifted. For example,
he started posting questions to the class blog and had students respond to the questions as
the class progressed. Those blog posts intensified the discussion, brought in a much wider
range of student comments, and allowed all the students, especially his quieter ones, room
to expand on their thoughts so that they could be more confident in jumping into the fray
of discussion.

Encouraged by that success, Professor McBeth instituted the use of pre- and post-
tests. He created simple surveys about the class’s material, posted the link, and received
the results in real time. The students could actually see their individual and collective
knowledge development change based on a night's worth of discussion. Altogether, he
found that using the iPads strengthened the instructor/student dynamic, improved the
students’ relationships with each other, and showed the value of attending class and
participating in the discussion rather than simply trying to glean information from a
textbook.

Quantitative Analysis of Student Perceptions
Research Question #1: Student Perceptions of the iPP

In Table 1, the data demonstrates that students were favorable to the mobile
technology as a learning tool. Students were asked to rate their agreement or disagreement
with each statement on a seven point scale. The questions were then collapsed into three
categories for reporting purposes. Seventy-two percent of students understood the purpose
of the iPads; 67% believed that the tool would assist them in their future careers; and 63%
agreed that the iPads played an important role in critical thinking and collaboration in the
classroom. The iPads also received significant support as a tool for student learning (58%
agreed), enhancing participation (57%), and increasing student engagement (56%). Fifty-
two percent of students agreed that they wanted to take another class that uses mobile
technology. One student noted in the comments section of the survey that “I saw a huge
value in using the touch pads for multiple reasons and would strongly agree that this is a
step in the right direction for teaching.”

11
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



McBeth, M., Turley-Ames, K., Youngs, Y., Ahola-Young, L., & Brumfield, A.

Table 1 Student Perceptions of the iPad

Statement Agree Neutral Disagree
Student

learning 65 (58%) 27 (24%) 21 (18%)
Critical

thinking 73 (63%) 18 (16%) 24 (21%)
Collaboration 72 (63%) 21 (18%) 21 (19%)
Student

engagement 64 (56%) 20 (18%) 30 (26%)
Participation 66 (57%) 24 (21%) 26 (22%)
Another

class 60 (52%) 28 (24%) 28 (24%)
Assist in

career 78 (67%) 21 (18%) 17 (15%)
Understood purpose | 83 (72%) 15 (13%) 18 (15%)
Distracting 41 (36%) 25 (22%) 48 (42%)
Technology 84 (72%) 14 (12%) 18 (16%)
savvy

Tech 63 (55%) 33 (29%) 19 (16%)
good

Training 52 (44%) 17 (15%) 48 (41%)

Still referring to Table 1, 72% of students agreed that they were technologically
savvy; 55% of students agreed that overall technology is good for society; and 44% of
students agreed they need more training. Interestingly, thirty-six percent of students felt
that the iPads were distracting in the classroom. This latter finding is related to the need
for more training as some faculty in the project noted initial difficulties in helping students
use the technology in the classroom. Additionally, some students did not understand why
the iPads were being used in the classroom. One student noted in the survey comment
section that “I think it was unnecessary, because students use mobile devices primarily for

personal reasons, not for classroom use.”
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Table 2 Student Perceptions of iPad Use, Purpose and Pedagogy

Use Count %
Hands on application,
solving problems, blogging 70/118 59%
Peer review/collaboration 52/118 45%
Discovery (exploring
concepts) 79/118 67%
Solve
puzzles 13/118 11%
Developing
skills 54/118 46%
Multiple learning styles 60/118 51%
Assessment/testing 36/118 31%
Multimedia 70/118 59%
Critical 28%
discussion 33/118
Portfolio building 32/118 271%
Data collection 65/118 55%

Note. Questions asked only in spring 2014: taking surveys/polls (21/49, 43%); research
content areas (32/49, 65%)

Research Question #2: Student Perceptions of Uses of the iPads

Table 2 provides a student report of how they believed faculty used the iPads in the
classroom. The most popular perceived uses were discovery (i.e., exploring concepts),
hands on applications, multimedia presentations, data collection, and activities that appeal
to multiple learning styles. Based on feedback from participating faculty, a new category
was added for spring 2014, researching a content area, and 65% of students agreed that
faculty used the iPads for that purpose.
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Table 3 Technologically Savvy v. Technologically Unsophisticated Students

Statement Fall 2013 Spring 2014
Mean SD n Mean SD n
Tool for learning
Savvy students 488 190 49 4.50** 1.00 34
Unsophisticated 3.75 149 12 217 160 6
More Training
Savvy students 3.08** 1.91 49 232 221 34
Unsophisticated 478 198 12 300 141 6
Assist in Career
Savvy students 5.40** 1.53 49 491** 141 34
Unsophisticated 417 180 12 217 232 6
Understood Purpose
Savvy students 5.56** 1.31 49 4.94* 170 34
Unsophisticated 400 200 12 333 207 6

Note. * p. <.05; ** p. < .01 (unpaired t-test)

Note. Students that self-identified as neutral in terms of technological savvy were not
included in this analysis. Counter to our expectations, there was no association between
age and technological savviness. The scale for the statements was 0 (strongly disagree) to
6 (strongly agree). Only statements that had significant differences were included in the
table.

Research Question #3: Differences between Students and Technological Preparation

Table 3 summarizes differences between technologically savvy self-identified
students and technologically unsophisticated self-identified students by semester. Between
the fall and spring semesters, less technologically sophisticated students were consistently
less inclined to see the iPads as an important learning tool, less inclined to understand the
purpose of the iPP, and less inclined to believe that the iPP would help their careers. Less
technologically sophisticated students also believed that they needed more training.

Research Question #4: Were there difference in perceptions of the iPP between
Humanities/Fine Arts courses and Social Science courses?

Table 4 provides information on differences between faculty from the
Humanities/Fine Arts and Social Sciences. Importantly, there were no significant
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differences between student evaluations of the iPP between the Humanities/Fine Arts and
Social Sciences.

Table 4 Humanities and Social Science Comparisons on Core Statements

Statement Fall 2013 Spring 2014
Mean SD n Mean SD n

Tool for learning

Humanities/Fine Arts 3.50 1.74 30 4.62 1.80 13

Social Sciences 3.84 1.94 37 3.79 1.77 34
Critical thinking

Humanities/Fine Arts 3.97 1.67 30 3.92 210 13

Social Sciences 4.05 1.72 37 3.49 192 34
Collaboration

Humanities/Fine Arts 4.00 1.69 30 4.08 144 13

Social Sciences 3.89 1.87 38 3.77 1.75 34
Engagement

Humanities/Fine Arts 3.83 1.78 30 3.23 213 13

Social Sciences 3.76 1.82 38 3.43 1.87 34
Enhances participation

Humanities/Fine Arts 4.07 151 30 3.46 1.71 13

Social Sciences 4.08 157 36 3.23 182 34
Assist in career

Humanities/Fine Arts 3.97 1.61 30 4.31 1.75 13

Social Sciences 4.39 1.62 38 4.17 1.84 34

Note. None of the differences between the Humanities/Fine Arts and Social Sciences
were significant at the .05 level, in a two-tailed, t-test.

Discussion and Conclusion

Faculty participants were generally pleased with the evaluations of students. Yet, it
should be noted that there were a consistent 15 to 26 percent of students that self-reported
that they did not benefit from the iPP. This negative finding might be explained partially
by the rural and non-traditional nature of the student body at the university. A significant
percentage of students at the university are older (average age of the student body is 28)
and from rural areas where technology is still distant from the student’s daily lives. In this
group, even technologically sophisticated students can fail to see the importance of
technology in their career futures. Also note that 55% of students (see Table 1) agreed that
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technology was overall good for society (with 29% neutral and 16% disagreeing). The fact
that only 55% of students thought that technology is overall good for society is not
necessarily a negative finding and instead the finding reflects the often critical stance that
some faculty took toward technology in the classroom. Most faculty members reported in
the learning community meetings that there were honest discussions in their classrooms
about how technology impacts social interactions inside and outside of the classroom and
these discussions were not always positive. A faculty member submitted a comment during
the fall 2013 midterm learning community meeting that “students had some concerns about
the use of technology and social media in the classroom including ethical concerns about
labor practices and concerns about social media use in general.”

The next step for the iPP will be to use controlled experiments with pre and post-
tests comparing student experiences in an iPP course with student experiences in a non-
iIPP course. This initial survey data was invaluable in moving faculty toward that goal as it
has identified (for one of the first times) how students view mobile learning.

The iPP provided several significant findings in regard to mobile technology use in
the classroom. First, our data is consistent with and adds to the findings of Diemer, et al.
(2012). For example, their data like our data, found that most students were comfortable
using the iPads, that students had a preference for e-learning, and students felt that they
both learned and were engaged using the iPads.

Second, we found that the basic principle of the iPP, that mobile technology use
should be driven from the grassroots by faculty experiences was well supported. Our
instructors discovered discipline-specific ways to utilize technology within their own
classroom. By leaving the experiment open, the instructors had an unbounded creative
space to do what we demand of our students: critically think our way through the existing
problems to find novel solutions. Theory and research informed this project, but much of
the success required simple trial and error with faculty and students in classroom
experiences. Our preceding list of questions represents the many successes of the iPP. We
could present an equally long list of lesson plans that went awry, wireless networks that
vanished, Bluetooth connections that were dropped, and a myriad of other problems. This
is an experiment, and like all experiments, we learned from both our failures and our
successes.

Third, while some faculty are concerned about technology replacing faculty
expertise in the classroom (Kolwich, 2013), we found that our case studies reaffirm the
essential value of faculty expertise. We agree with Doering (2007) that the use of mobile
technology must fit a specific pedagogical need and that its use must be evaluated and
tested. It cannot be stressed enough that technology—whether it is an iPad or pad of paper
and pencil—does not teach. It is simply a tool. Our instructors’ depth of knowledge,
teaching experience, and creativity were central to the success of this project. Some of our
instructors faced recurring pedagogical frustrations and were driven to find new ways to
overcome the student learning impediments of their fields. The iPP provided a new tool to
help instructors overcome those impediments.

Fourth, we found that it is possible to intersect technology with the current
reinvention of the liberal arts. Based upon the data presented in this study and the ongoing
discussion about the importance of liberal arts education from the perspective of employers
(e.g., Berrett, 2012), we conclude that mobile technologies, such as the iPad, can facilitate
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the development of skills that are in high demand in our society and that prepare students
not just for jobs but careers that can better withstand fluctuations in the economy.

Finally, one of the goals of the project was to determine the role of technology in
the liberal arts and the better connection of the liberal arts to employer needs. We did not
take this challenge lightly. There is an immediate need for graduates with strong critical
thinking skills, cultural competency, clear communication skills, creative problem-solving
skills, career-related skills (including technology skills), and the ability to collaborate. The
iPP demonstrated that there does not necessarily have to be a dichotomy between the liberal
arts and technology. Instead, technology can be used in a way that facilitates excellence in
teaching and learning while also retaining the core strengths of a liberal arts education (and
prepares students for careers rather than jobs).
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Appendix
Appendix 1: Survey Questions

The purpose of this survey is to evaluate the use of mobile technology in the
classroom using iPads. Your professor and the College of Arts and Letters will use the
information from this survey to continue to improve mobile technology use in the
classroom. The data from this survey will be used in a report written by the College of Arts
and Letters assessing the use of iPads in the classroom. Your response is anonymous and
the data will be aggregated into a report. Your participation is voluntary.

Please rate your agreement or disagreement with the following statements (use the
following scale: 0 = strongly disagree to 6 = strongly agree).

Please rate your agreement or disagreement with the following statements (use the
following scale: 0 = strongly disagree to 6 = strongly agree). I think that mobile technology
is an important tool for helping students learn. 0

a. | think that mobile technology is an important tool for helping students learn.

b. Mobile technology provided additional opportunities for critical thinking
(analyzing, synthesizing, evaluation of information) in this course.

C. | consider myself technologically savvy.
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| like to learn from other students and not just the professor and mobile technology
provides an opportunity for student-to-student collaboration and group work.
Mobile technology in this class increased student engagement.

The use of mobile technology in face to face classes unnecessarily distracts from
the learning environment.

Mobile technology enhances participation in a traditional classroom setting.
Mobile technology (like technology in general) is, overall, good for society.

| need more training on how to use mobile technology.

| am interested in taking courses that use mobile technology.

| see where using mobile technology in the classroom could assist me down in the
road in my career or future career.

I understood the purpose for using mobile technology in this class.

Please indicate (by putting a check mark next to a category) whether how mobile

technology was used in the class (choose as many as you think might apply):
___Using mobile technology for hands on application (solving a problem, blogging, etc.)
___Using mobile technology for peer review/collaboration

___Discovery (using mobile technology to explore different concepts in class)
__Using mobile technology to solve puzzles

___Developing skills using mobile technology

___Using mobile technology to emphasize multiple learning styles

____Using mobile technology for assessment/mobile testing

___Using mobile technology for multimedia

___Using mobile technology for a critical discussion of technology

__Using mobile technology for portfolio building

___Using mobile technology for data collection

____Using mobile technology to take surveys or polls in class

____Using mobile technology to research content areas

Demographic questions are excluded from this appendix.
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Using NetLogo as a Tool to Encourage Scientific Thinking
Across Disciplines
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Abstract

Abstract: In this article we discuss the possible uses of NetLogo as an educational tool for High
School and early-years undergraduate students. The paper is geared towards teachers from all
disciplines who require students to problem solve, be quantitative and logical but want a project
orientated platform to build or reinforce knowledge. The tools and methods herein were chosen
specifically to be picked up by non-computer literate users. The goal is to highlight possible
ways to excite students who perceive themselves to be weak mathematically through non-
traditional computer-based exercises. In essence, we wish to encourage students to understand
technology so they interact via easy coding rather than solely pushing buttons on an interface.
Here we choose a model of toxoplasmosis gondii to demonstrate our ideas and show how
scientific thinking and mathematical modeling can be used by the wider teaching community.
Although these methods could be used for any age group or scholarly level, here we build our
ideas around students who have seen high school algebra and may have studied one semester of
differential calculus. Finally, we give some ideas of how NetLogo could be incorporated across

the curriculum. Code for each module is available for download to assist teachers (Gammack,
2015).

Keywords: interdisciplinary teaching, scientific thinking, agent-based modeling, NetLogo

Computational technology is used in all walks of life, from the abundance of “smart”
phones, appliances around the house, even the humble bicycle can have electronically operated
gear shifters. For the majority of these, the technology is used purely via an interface - there is no
deeper understanding or modifying of the underlying code. As the world becomes more
interconnected, and jobs rely on connecting ideas from different disciplines, we want our
graduates of the future to be comfortable with both using the interface and being able to
appreciate the capabilities of the underlying technology. While not everyone needs to be hotshot
coder, it can be helpful to understand some of the issues involved. For example, a project
manager, whose deliverable is an oven monitor that switches the heat off when the moisture
levels fall below a certain threshold, should have a broad understanding of the individual tasks of
her team members. Similarly, researchers from all disciplines use computational technology to
varying degrees: pure mathematicians may only use documentation preparation software (Word,
LaTex, etc.), whereas a geography PhD student may need to code GIS (geographic information
systems) mapping software. To help graduates understand the importance of a deeper
understanding of technology, scientific thinking and hands-on building needs to be encouraged
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throughout education at various age-group levels. Although this is a challenging proposal, the
authors hope to show that engaging students with realistic projects can aid both their comfort
level with technology, and also develop their subject matter knowledge.

Working in a small liberal arts college with a tiny population of mathematics majors, the
authors instead work with students who want to do research from non-mathematics disciplines
(Biology and Business being the main culprits). Usually, these students have had high school
mathematics (algebra/trigonometry/precalulus) and may have started a college level mathematics
class (calculus or statistics). A complication is picking tools that students can use so that they can
make progress and have a fulfilling experience despite their lack of computational skills. The
same challenges are true in other disciplines and non-undergraduate students. In our experience,
the NetLogo (Wilensky, 1999) (see §2) platform serves both purposes.

Consider the following example from political science. In a given population of voters,
can we determine the boundaries for voting districts that will create safe seats for the incumbent
candidate? The basis of this problem is easily understandable and applicable to many students. It
is also a problem that can be modeled and experimented upon using Agent-Based Models
(ABM). A starting point for this project would be the voting model that can be accessed via the
Models Library in NetLogo (Wilensky, 1999). A more academic look at using ABM to assess the
outcome of an election between political parties can be found in Laver and Sergenti's book
(Laver & Sergenti, 2011). The ABM in the NetLogo library bases preference on neighboring
voting patterns (peer pressure). An interesting extension would be to consider the environment as
a State and use the ABM to decide voting boundaries so that the result of the next voting cycle is
biased towards the incumbent party (gerrymandering). This example highlights how a “non-
math” problem can be used to hook students in and teach them modeling and reasoning skills.

Agent-Based Models (ABM) are computational descriptions of real world phenomena.
The two main components to an ABM are the environment and its agents. The environment is
the space in which phenomena occur: a street, a house, bodily tissue, or an abstract environment.
Agents inhabit the environment: cars and people on a street, people, pets and germs in a house,
cells and bacteria in tissue. To design an ABM the user needs to make assumptions about the
interactions between individual agents and between the agents and their environment. These
interactions could be logical (if x then y), probabilistic (there is an x% chance of y) or function-
based (y = f(x)). Once the interactions have been coded, simulations can be run and conclusions
drawn. For a full introduction on ABM, see (Railsback & Grimm, 2012).

The model presented here was developed as part of a research assignment with two
biology majors. However, the authors hope that it is apparent how this model (or a new teacher-
motivated model) can be developed by students from HS and up. To assist teachers using this
material in the classroom, all code is available for download. Please note that code is like a
modern house in a new community; there are similar structures found around a neighborhood,
but no two houses are exactly alike even if it is only a difference in paint color. Be suspicious if
your student's code is an exact match to the downloadable versions.

Although there are many different ABM platforms (including Mason, NetLogo, RePast,
SWARM) (Nikolai & Madey, 2009a), we use NetLogo for three reasons: (1) it is free; (2) it is
simple to download and run on mac or pc; and (3) although not as rich as some of the other
platforms, the syntax makes it easy for non-programmers to progress quickly. For a fuller
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introduction to ABMs and NetLogo, please see (Gammack, Schaefer, & Ga, 2013;
Laubenbacher, Jarrah, Mortveit, & Ravi, 2012).

NetLogo is an agent-based modeling tool that allows the user to specify how agents
(people/cells/objects) interact with each other and their environment and to then examine how
the system evolves over time. We have led student research projects using NetLogo to model a
variety of natural phenomena (cholera outbreak, the development of neuronal pathways and
toxoplasmosis spread) over the past 4 years and a few things have become clear: (1) non-
mathematics/IT students are not afraid of NetLogo; (2) students are excited by the progress they
can make in a short time; (3) it helps enforce precision of thought and develop scientific rigor.
Additionally, NetLogo is a useful tool across the academic spectrum: from mathematics/IT
undergraduates to students who have yet to take a college mathematics class. The goal of this
paper is threefold: (1) to give a brief overview of NetLogo; (2) highlight ways in which
mathematical and scientific ideas can be incorporated into the learning experience through
modeling the spread of toxoplasmosis gondii on a pig farm; (3) demonstrate how NetLogo can be
incorporated across disciplines and mathematical levels (High School through College).

For the purposes of this paper, we assume that students have taken (or are taking) high
school algebra, but we also include Learning Experiences for more mathematically advanced
students. In §2 we develop a NetLogo model and describe some parallel classroom exercises that
can be picked up and used by anyone willing to open a new computer program; §3 gives some
ideas about using NetLogo across other disciplines. In §4, we present results from student
NetLogo usage and we close with §5, a brief discussion on assessing the validity of NetLogo as
an educational tool.

Modeling and Learning with NetLogo

Throughout this work, we highlight the learning opportunities of NetLogo via a student-
initiated project that models toxoplasmosis gondii on a pig farm. The tools used were
intentionally chosen to welcome the widest audience. They are free, easy to use and well
documented. Working examples of the custom code required are available for download to
provide a guide and support. The models themselves were chosen to be relatively simplistic to
allow students and teachers to focus on learning how to break a problem apart and model it. At
each stage of modeling, we present a “learning experience” that can be used to develop and
assess each student’s progress.

A Note about Student Driven Models

One potentially difficult aspect of modeling natural phenomena is deciding what is
crucial information and what can be neglected. This can be a problem for students as they
sometimes have some trouble letting go of ideas. For example, when developing a model of the
spread of a disease a student might rightly argue that an individual’s age effects their immune
system, which in turn plays a part in their likelihood of becoming infected. However, that aspect
could be brought in later in the standard modeling “circle” (see Figure 1) when the user
reassesses her assumptions and refines the model. For the purposes of this article, we consider a
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simple model of the spread of foxoplasmosis gondii. The original (more complicated!) model
was developed by two undergraduate Biology students at Marymount University. We have
mapped out the initial models so that it is easy for students to make initial steps towards their
goals. As they progress, students should then be encouraged to refine and expand their models
once the basics are grasped.

/ Assumptions

Compare to Data Model

Figure 1: Model Development Cycle

\¢/

Test Model

Basics of NetLogo

When NetLogo is run, a blank GUI Interface appears with three main tabs at the top:
Interface, Information, and Procedures (see Figure 2). The tabs purposes are as follows:
Interface - where the simulations are run; Information - for comments on the model's
assumptions and uses; Procedures - where the code is written. In addition, Seftings can be used
to define the overall size of the simulation window and the patch and font sizes. In the next three
subsections we will introduce the basics of setting up the environment, the agents and their
interactions.

{ Interface | Information Procedures

= o . . { . # view updates ————,
abe Button w - r - = | Settings... |
Add L | p— . on ticks ¥ ps—

Figure 2: NetLogo Control Bar

The remainder of this paper concentrates of the building of the model (the Procedures
part of NetLogo), but here, for completeness, we give a brief overview of the Inferface. Figure 3
shows the NetLogo program when initially opened - note that Interface is highlighted, indicating
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that the user has arrived at the front-end (user interface). The user can add/alter three main
components at this point:

e Add user interface controls. E.g. buttons that run all or part of the code; sliders
that allow users to alter model parameters; on/off switches to allow for certain
routines to be ignored or incorporated (for example, a user may be testing the
hypothesis that quarantine is the only way to stop an outbreak of measles in a
school). In addition, the user can define outputs to be displayed (plots, population
numbers, etc.).

e Alter how the output is displayed. E.g. change the speed and/or have the
simulation update the output every “tick” (the time interval being used).

e Alter environmental settings. E.g. change the dimensions of the environment, the
size of each patch/agent.

f Interface | Information = Procedures

+ = # view updates %
abe Button w == Settings... |

) continuous | %
Add normal speed —_— )

‘

Add (Edit/Delete)
User Interface
Controls

Speed of Simulation
&
Type of Update

View of Environment

Alter Settings

Figure 3: NetLogo Interface

Defining the Environment
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The NetLogo environment is made up of discrete areas that agents move around on called
patches: imagine if roads and sidewalks were replaced with paving slabs rather than a continuous
layer of concrete. Each patch can have its own properties: color, dirtiness, temperature,
stickiness, etc. For simplicity, we assume the farm is square, with a rectangular pig enclosure.
The farm covers the whole area of the screen and the pig enclosure takes up one section of it. We
color the boundary of the farm yellow and the pig enclosure brown. The code required to build
the basic layout is given below. (Note that lines beginning with ;; are comments to the user.) The
code can be found in NetLogo file enviro-1 (NetLogo Models, n.d.) and in Error! Reference
source not found.

to setup

ask patches [ setup-environ ]
end
to setup-environ

set pcolor green

draw-walls

KAKR kA A A A A A A A A A AR h A A h A A kA kA A Ak A hA Ak Kk %k

;; The above runs the set-up command followed by setup-environ
;; which sets all the patches to be green
;; and then calls the draw-boundary command
R b b b b b b b I b b I b b 2 b b b b b b b d b b b (b i b b db b ab b b i b (b4
to draw-walls
;; draw left and right boundary of the farm
ask patches with [abs pxcor = max-pxcor ]
[ set pcolor yellow ]
;; draw top and bottom boundary of the farm
ask patches with [abs pycor = max-pycor ]
[ set pcolor yellow ]
;7 boundary of pig-enclosure
ask patches with [pxcor = 0 and pycor <= 19 and pycor > -10]
[ set pcolor brown]
;; draw left and right boundary of the farm
ask patches with [pycor = -10 and pxcor <= 0 and pxcor >= -19]
[ set pcolor brown ]
end

Figure 4: NetLogo code for Farm Layout

Note that under the settings tab in NetLogo the dimensions of the environment can be set
and that, in this case, the origin is at the center and both axes have dimensions (-20, 20). Also
note that all code is available via download.

Now, when we click to the Inferface tab, a button needs to be defined that will implement
the “set-up” code. First, we click on “button” and an edit window opens (Figure 5). Under
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“Commands” we write “setup” which is the name of the set up code (see above) and then choose
a display name. Once we click “OK” there will be a button on the interface that allows us to
execute that part of the code. All buttons are set up this way, and we leave it to the reader to
examine the individual codes to see how other interface controls are defined. Figure 6 shows the

output after the “Setup” Button has been pressed.
!m Information = Procedures -

{ ¥ i ats
) 2, e ] | Sy | e
Delete  Add normal speed continuous '
- N
8086 Button

Agent(s) Observer |3 ] I Forever

Commands
setup|

Display name ASet Up

Action key

Figure 5: Creating a Setup Button

Figure 6: Farm Environment. Yellow indicates the border of the farm, brown indicates

the pig enclosure and green is the environment on which the pigs move (grass/field).

Learning Experience
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Although this can be thought of as purely an opportunity to develop some low-level
coding skills, exercises could be brought in to engage students in relevant mathematical ideas.
Ideas for questions:

Example 2.1

(a) (Algebra) If the pig enclosure needs 100 $m”28 of open land on the south (bottom) side
and each pig sty is 28m$ $\times$ 48m$ how many sties could fit end-to-end in the
enclosure?

(b) (Algebra) If each sty requires Im of open ground around it (on all sides), how many sties
could fit in the enclosure?

(c) (Algebra) If each sty holds 8 pigs, how many pigs can the farmer have?

(d) (Calculus) The farmer has 38m of fencing. What is the maximum area she can enclose for
the pigs?

(e) (Biology/Ecology) What are the guidelines regarding healthy dimensions of pig sties?
How many pigs should be allowed in each sty?

(f) (Business/Algebra) The initial cost of setting up the farm is \$9,500 and the cost of
rearing a pig is \8400 per pig. If the farmer can sell a pig for \$450, how many pigs must
she rear (and sell) before making profit?

Defining Agents

Agents populate the NetLogo environment. Just like the environment, agents can have
specific properties (color, age, level sickness, dirtiness, etc.). Additionally, agents can move
about the environment, but we leave that till §2.5. Here we introduce pigs into the farm. First we
need to define a breed called pigs, then create some pigs, and give them a shape and a place to
start. The code for implementing this is as follows in Figure 7 (NetLogo file enviro-2). Note that
the following code (and that of the remainder of the paper) is additions and modifications to the
original “set-up” code introduced in §2.3.
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breed [pigs pig] ;; defines a new label for the agent
to setup

create-pigs 20 ;; creates 20 pigs

ask pigs [setxy random-pxcor random-pycor ;; places the pigs
at random points in the environment

set shape “pig”] ;; makes them pig-shaped

end

Figure 7: NetLogo code to define Pigs.

Here, ask pigs [..] means that all commands given between the brackets are applied
to each pig. In this case, each pig is pig-shaped and is sent to a random (integer valued) (x, y)
coordinate. Note that information on a command can be found by right clicking on the word in
the procedures tab and selecting “Quick Help” or searching the help documents.

Learning Experience

At this point, when students run the model they will (hopefully) see two problems: (1)
pigs are everywhere - in the enclosure, the rest of the farm, even on the boundaries of the
environment, and (2) the pigs are all different colors. This leads to a simple coding exercise:

Example 2.2 Coding
(a) Make all the pigs pink. Hint: what does the command color do?

(b) Make the placement of pigs be random within the pig-enclosure. Hint: this is trickier
than it initially seems. First define an area called pig-enclosure and then use the
command move-to one-of pig-enclosure when setting up the pig population.

Now we need to work out how the agents interact with their environment and each other.
Defining Interactions

In NetLogo, we need to define how the environment (individual patches) is affected by
an agent as it passes through it, and vice-versa. There are various, standard, considerations (ex.
movement of agents) but rather than pick and choose random concepts, we discuss the
development of a model of toxoplasmosis gondii spread as the motivation for developing certain
interactions. This is also a great method of learning as students can decide what is necessary to
include.

30
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



Gammack, D.

Toxoplasmosis Background

Toxoplasma gondii can infect any warm blooded animal, but only breed in cats (Dubey &
Frenkel, 1998; Flegr & Havlicek, 1999; Fuller Torrey & Yolken, 2003; Miro, Montoya, Fisher, &
Fuentes, 2008; Tenter, Heckeroth, & Weiss, 2000). 7. gondii can alter the behavior of humans,
causing them to exhibit some of the following symptoms: an increased affinity for cats,
headaches, fevers, and confusion. Although, toxoplasmosis is a not a deadly disease, it is
detrimental to people with autoimmune deficiencies (Jiang, Sullivan, Su, & Zhao, 2012).
Research has shown that infected drivers have a six-times greater risk of traffic accidents (Flegr,
Klose, Novotna, & Berenreitterova, 2009). It has also been linked to schizophrenia (Fuller Torrey
& Yolken, 2003). Internationally, some countries have a 95% infected rate, with hot and humid
regions having the highest prevalence (7oxoplasmosis, 2013). Studies have shown a rising rate of
toxoplasmosis infection in farm settings. In particular, researchers have shown several cases of
toxoplasmosis in pig farms in China and Brazil (Du et al., 2012; Piassa et al., 2010). Additionally
Weigel et al. have highlighted risks of infection on farms in Illinois (Weigel, Dubey, Dyer, &
Siegel, 1999).

Unlike the model of Jiang et al. (Jiang et al., 2012), here we consider purely the
interaction between the infectious adult cats and the pigs on the farm. In this case, the pigs are
not actively spreading the disease around the farm, but could contribute in infecting humans via
the environment and by infecting the food chain (Kijjlstra et al., 2004; Tenter et al., 2000; Weigel
et al., 1999). Table 1 lists some very basic assumptions we take from the literature. The NetLogo
files enviro-3 and enviro-4 have all the relevant code for the rest of the learning experiences up to
Ex. 2.6.

Table 1: Basic cat and pig population assumptions

Cat Pig
Movement Random throughout the farm | Random within pig enclosure
Disease Spread by feces Infected by feces

Constant levels within host
Reproduction Neglected Neglected

Learning Experience
Example 2.3 Coding
(a) Define a new breed: cats.
(b) Place 5 cats randomly on the farm.

(c) Make all the cats black.
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to move-pigs
ifelse

[

(random 2
(stay put or move)

0) ;7

random 2 gives an answer of 0 or 1

fd 0 ;; if random = 0, pig does not move
]
[ ;7 if random = 1, pig moves
set dirnum random 4 ;; pick a number 0 (fwd), 1 (bwd)
;7 2 (left), 3 (right)
if (dirnum = 0) [fd l]
if (dirnum = 1) [f 1]
if (dirnum = 2) [left 90 fd 1]
if (dirnum = 3) [right 90 fd 1]

end

Example 2.4 Modeling (do not try to code these yet)

(a) (Probability) If the animals are moving randomly, how can we think about this in terms of
probabilities? What are the chances of an animal moving left/right?

(b) (Biology) How can we decide when the cats will leave feces on the ground?
(c) (Biology/Modeling) What are we neglecting that we should not leave out?

For pig movement we could assume that they have an equal probability of moving or
staying put. If they move, the probability of each direction is the same. Therefore, the code could
];Ieo:wever, pigs should not be able to run through walls!

Learning Experience
Example 2.5
() (Probability) What is the probability of moving left?
(b) (Coding) How can you stop the pigs leaving the pig enclosure? Hint: one method is for
the pigs to check the color of the patch they are going to move onto and if it is the color

of a wall/boundary, do not let the pig move there.

(¢) (Modeling) What is the model missing?
Figure 8: NetLogo code to move pigs
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With the cat population, we need to incorporate movement and defecation during the
simulation. For this (and for the pig movement) timing is important. Therefore, we need to
develop a way of keeping time within the simulation. First, there is a command t ick which
does exactly what it sounds like it should: it moves the simulation one “tick” (or one time unit).
The following piece of code demonstrates the use of t ick. The code in Figure 9 will now keep
running ad infinitum. This raises a couple of questions: (1) how do we define a unit of time; and

to go
ask pigs [move-pigs] ;;calls the move-pigs command
tick ;;steps time forward one unit

end

(2) how do we end a simulation. Both of these are relatively straightforward exercises:
Learning Experience: Modeling/Mathematics/Coding

Example 2.6

(a) Define mins/hours/days as global variables assuming that each t1ick represents |

Figure 9: NetLogo code to move pigs in time

minute. Hint: in setup initialize mins/hours/days to zero and then after the tick update
each variable. Note that to update hours and days you will need the mod command.

(b) Make the simulation end after 60 days. Hint: you will need the stop command.

(c) Stereotypically, cats are active, pigs are lazy! Can you make the cats move more often
than pigs? (Hint: pigs do not have to move every tick.)

At this point, students can build in the more complex parts of the natural phenomena: the
spread of the infection. To start with, it is easier to get students to assume that cats defecate at set
times of day and that they leave behind a set amount of toxoplasmosis. Then, when a pig moves
onto an infected patch, make the pigs chance of infection be 50/50.

Learning Experience: Modeling/Coding
Example 2.7

(a) Assume that cats defecate 4 times a day (every 6 hours), and when they do, they infect
whichever patch they are currently standing on. Make an infected patch turn red. Hint:
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create an infection? variable that the patches own that becomes true when a cat defecates
on it.

(b) Make the pigs check the infection status of the patch they are on and then have a 50/50
chance of becoming infected. Make an infected pig turn black.

At this point students will have a very basic model of a pig farm that is host to a pack of
feral cats infected with toxoplasmosis. The next stage of development would be to make the
model more realistic and to include various disease specific events/variables. Suggestions for
extensions would be:

Learning Experience: Modeling/Coding
Example 2.8

(a) Most diseases have a limited amount of time that they are viable outside of the host
(equivalently, bacteria in feces becomes less infectious over time). What is this time for
toxoplasmosis gondii and how could you incorporate this in the current model?

(b) Not all cats defecate at the same time! How can you randomize this process?

(c) At the moment pigs have a 50/50 chance of becoming infected? Research the infection
rate for toxoplasmosis gondii and incorporate a more realistic probability of infection.

Incorporation into the Classroom

There are many ways to extend the model, either towards teacher-prompted scenarios, or
by letting students have free-reign. What can be useful is assigning each small group a coding
“guru” who has the responsibility to have all the code commented (annotated) so that it is easy to
follow, and then try to combine the best parts of the individual projects into one deliverable from
the class. For example, group one (G1) could be assigned to model the environment, G2 the
movement of the animals, G3 the act of defecation spread of the disease, G4 the infectious state
of the host, etc. Then, as groups deliver their sections, the next task would be to combine
elements (combining G1 with G2 and G3 with G4 before pulling it all together). This takes
planning, but students are excited to see how their individual elements can affect the overall
outcome of the simulations.

Once the basic model has been constructed, questions can be posed like “How can you
eradicate the disease on the farm?”, “Would culling or quarantine be preferable?”

Other Examples
We have given a brief overview of the development of a NetLogo model of

toxoplasmosis gondii and ideas on how to engage biology students in a small research project. It
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should be reasonably straightforward to see how other models could be developed to excite
students. How about discussing a simple cold spreading through your HS? Students can work out
that there are those students who are not sick/sick/have been sick and you can work out how their
interactions effect the health of the school body as a whole. Then there is the spatial effects: what
happens if just one person is sick and they are quarantined? Would that stop everyone else
getting sick? Then the model can be developed by the students: some can develop the geometry
of the school and how that geometry and the school's timetable alters how people interact. Other
students can look at how to model the passing of germs between sick students and the
environment/other students.

One of the neat things about NetLogo is that it can be a useful tool across the curriculum
and there are many examples, from different disciplines, in the user-generated library to be
examined. For example, if you are teaching an ethics or modern history course you could
introduce Schelling's Tipping Model (Schelling, 1971) which investigates the effects of
behavioral choices of individuals on a community. In brief, Schelling's Tipping Model can be
seen as the effects of bias on a community: the model assumes that there are two agents (let's say
red and green) and an agent has a percentage bias for living in a community where a certain
number of its neighbors are of the same color. Now randomly assign each agent to a specific
“home”, and then let them move if they are “unhappy” (not enough red/green neighbors). The
amazing thing is that segregation occurs at relatively low levels of bias: all agents could be
happy with 50% of their neighbors being the other color and stil/ there would be segregation.
Students, to start with, could investigate this model on a chess-board and then, when they realize
how large the community needs to be, investigate further via the simulation in the NetLogo
library.

For a sociology project, how about studying the spread of knowledge in an environment:
is it more likely that opinions/beliefs are passed peer-to-peer, or from teacher-to-student?
Students can set up an environment where one person wants to be class president and that person
can either campaign on issues, or could start a smear campaign. Which method works? A
political science project could examine gerrymandering, as discussed in §1, or even look at
how/if targeted advertising campaigns could influence an election. For a history project, students
could develop a model of warfare. For example, there have been models of the Iwo Jima conflict
based on Lanchester's warfare models (Lanchester, 1916; Engel, 1954). Most of the models do
not contain spatial elements, so students could build the environment and then mimic the battle.

Brief Summary of Student Experiences
The authors surveyed six of eight undergraduate summer-research students who used

NetLogo. Of those surveyed, 1 is a current Marymount University graduate student, the other 5
are alumni. A brief review of responses can be seen in Table 2 and Table 3.

Table 2: Basic Information about Students

School Year Degree Major  Subject Area of Previous Use of NetLogo
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when initiating Project experience in | increased
project subject area subject area

knowledge
Sophomore (4) Biology (4) Axon Guidance (2) | None (6) Yes (6)
Junior (1) Mathematics Cholera (3) A Lot (4)
Senior (1) 2) Toxoplasmosis (1)

Table 3: Student’s Use of Technology

Coding ABM/ NetLogo ' Nervous about | Was NetLogo Happy to use

Experience Experience using difficult technology in
technology the future

Limited (4) None (6) Yes (4) No (5) Yes (5)

None (2) No (2) A little (1) No (1)

Although our data points are limited to six (out of eight) students who responded to our
survey, we claim that students found an increase in the subject knowledge, that they felt that
NetLogo to be relatively easy to pick up, and that they would be happy to use technology in the
future. However, it is important to ask if it is useful to use ABM, or other computer software, as a
tool for learning. The authors would argue that it depends on why and how the platforms are
used. For instance, the author and collaborators for the student projects had two main goals:

e to foster academic research in undergraduate students
e encourage scientific thinking

Both of the above aims were to be accomplished with students who were not necessarily
interested or invested in learning about computational techniques, but who had been motivated
by the idea of cross-discipline collaboration. For the purpose of this paper, the authors are
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highlighting the ways to encourage students to use technology in a deeper way than usual (active
coding rather than relying on an interface).

However, we do want students to feel that the methods we use in teaching are useful in
the classroom and beyond. For example, in (Gammack et al.,2013) a model for axon guidance is
discussed. The initial development of the model was done by two biology majors (one who had
yet to take calculus I). The project was intended to be a laboratory-based investigation of axon
response to different guidance cues. The students realized that, due to monetary and laboratory
constraints, it would be impossible to make any tangible progress with the project in the time
allowed. However, with a student did note that “... for this particular project the lab work, if it
had been done more extensively, would have been sufficient (sic)”. A student who worked on the
toxoplasmosis project noted that they could not have researched in the lab ... as the purpose of
the project was to model the transmission of the disease. ... it would have been much more
complicated and dangerous to test in lab (disease agent)”.

Discussion

Agent-based modeling (ABM) can be an effective tool in a class setting when a project and
outcomes are clearly defined, and the roles of individual groups are laid out. There are many
software platforms that could be used. NetLogo has been highlighted here because of its ease of
use, for non-computer programming literate students, and it is a free, cross platform package that
has many user defined models loaded into its library.

Once students become confident playing with an ABM package it can become a useful
tool for interdisciplinary study and can motivate students to look beyond the confines of their
favored subjects. As previously stated, there are many different ABM platforms and each has
their own strengths. For a full discussion, the authors suggest reading the excellent reviews by
Nikolai and Madey (Nikolai & Madey, 2009b) and Railsback et al. (Railsback, Lytinen, &
Jackson, 2006).

In terms of working with the software, students stated that NetLogo “...is easy to use and
understand, the example scripts were extremely helpful in developing our own code. Also it was
a great help to be able to just run the script and see the changes instantly to the Display (sic)”.
“Example scripts” in this instance refer to the library in NetLogo that has examples from art,
mathematics, natural science, social science and more. All of the programs are ready to be run
and, in the author’s experience, students enjoy the “hacking” mentality they can employ as they
start to build their own models. Another student noted that “I have gained key coding skills and it
has added to my experiences. After graduating, noting that I am able to use NetLogo on my
resume has helped me a lot in finding professional experiences.” This is one of the author’s
goals: to enthuse non-IT undergraduates about the opportunities they can have by using cross-
disciplinary tools.

Although we do not have enough data to statistically demonstrate the power of using
ABM in the classroom, we hope that we have expressed the potential in using computational
software across disciplines. The next generation of graduates need to be able to do more than just
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use the basic programs, they need to be able to see the potential problem solving capabilities at
their fingertips and help implement those solutions.
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Revisiting Use of Real-Time Polling for Learning Transfer
Sheri Stover!, Dan Noel?, Mindy McNutt®, & Sharon G. Heilmann*

Abstract: Instructors in five different undergraduate courses designed their courses to include
real-time polling to increase their students’ levels of engagement and participation in an attempt
to enhance students’ learning transfer. Bjork (1994) defined learning transfer as “the ability to
use information after significant periods of disuse and the ability to use information to solve
problems that arise in a context different (if only slightly) from the context in which the
information was originally learned” (p. 187). This mixed methods research study examined the
results of those efforts after surveying students’ perceptions of whether the use of real-time
polling had an effect on their understanding of the course content and their levels of
participation and engagement in the classroom. Instructors used Poll Everywhere to incorporate
real-time polling in classes where 98% of students had suitable devices to respond to the polls.
Results from this survey indicate that the use of real-time polling helped students better
understand the course material and also increased their level of participation and engagement.

Keywords: real-time polling, Poll Everywhere, learning transfer

Faculty members in higher education have begun to implement clickers in their
classroom. Clickers are also known as audience response systems and real-time polling. Clickers
are hand-held devices that students use to respond to questions displayed on a computer
projector. A receiver device records students’ responses and then displays the aggregated results
for the entire class to see (Campt & Freeman, 2010). Most frequently, clickers are used to
respond to multiple-choice questions, but some clickers allow students to type in short, open-
ended responses. Clickers are sold for about $30 to $40 from manufacturers such as
TurningPoint and iClicker (Kelly, 2011). These costs can place an additional financial burden on
students, many of whom have reported dissatisfaction in being required to purchase a clicker and
then having to remember to bring it to class (Patry, 2009).

Companies like Poll Everywhere now provide real-time polling where students can use
their cell phones to respond to polls. The advantage of using cell phones is that students can use
a tool that most of them have readily available (Dahlstrom, 2012). Poll Everywhere has an
educational plan where instructors can utilize the polling for free in classes that have no more
than 40 students. Once the polls are created, the instructor displays the questions on the computer
projector for all students to see. Students can use their smart phones, feature phones, laptop
computers, or tablets to respond to the real-time polls (Poll Everywhere, n.d.).
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It is not the technology that enhances students’ learning; however, it is the ways in which
the instructor utilizes the technology. Real-time polling is important because it is a tool that can
be utilized by instructors to implement teaching methodologies into their classroom that will
enhance their students’ learning transfer.

Literature Review

Many college faculty members continue to teach the way they were taught, using didactic
lecture with a mid-term and a final exam to assess students’ learning (Halpern & Hakel, 2003).
This results in students who can achieve satisfactory grades by memorizing the material to pass
the test, but does not result in a large numbers of students being able to transfer their learning to
future situations (Bransford, Brown, & Cocking, 2000). Instructors need to incorporate teaching
methodologies that help prepare students to be independent learners, capable of applying their
learning in authentic situations beyond their college classes (Halpern & Hakel, 2003). This
literature review will outline the current research on learning transfer and address whether the
use of real-time polling can enhance the design of a class to improve learning transfer.

Ratey (2002) defined learning as a change in the neural networks in the brain. He
concluded that the brain has the ability to store information in its short-term recall; thus, students
can memorize information and retrieve it for tests. However, if the information is not used again,
it is purged from the brain (Ratey, 2002). Bjork (1994) defined learning transfer as “the ability to
use information after significant periods of disuse and the ability to use information to solve
problems that arise in a context different (if only slightly) from the context in which the
information was originally learned” (p. 187). The primary mandate/undertaking of colleges and
universities is to teach in order for students to be able to transfer their learning. In other words,
transferring knowledge implies that students can accurately recall and use knowledge, skills, and
attitudes learned in college at a later time in their career (Schwartz & Bransford, 1998). Since it
is challenging to predict the types of situations in which students will be required to apply their
knowledge, the aim of higher education should be to facilitate students’ ability to transfer what
they have learned so students can independently implement solutions (Halpern & Hakel, 2003).

Most instructors assume that learning transfer happens once students have successfully
completed the class, but this does not always happen (Leimbach & Maringka, 2009). Wiggins
(2012) found that students have challenges transferring the content learned in previous classes
unless the classes are specifically designed for learning transfer. Classes that are designed to
enhance students’ learning transfer need to ensure that students have high levels of engagement
and participation. Student engagement is defined as the “time, energy, and resources [that
students] spend on activities designed to enhance learning” (Exeter, et al., 2010, p. 762). Student
participation is defined as a “student’s willingness, need, desire, and compulsion to participate
in, and be successful in, the learning process” (Bomia et al., 1997, p. 3). Classes that are
designed to enhance learning transfer and include high levels of student engagement and
participation include the following characteristics.

Active Participation.

The first characteristic of classes designed to enhance learning transfer is that students are
active participants in the learning process. Students cannot simply be passive learners who are
merely exposed to information through didactic lecture and assessed at surface levels (Bransford
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et al., 2000). It is critical that students gain deep understanding, which requires them to spend a
substantial amount of time working with the academic content. When students are repeatedly
required to generate responses to real-time polling questions with minimal cues, they strengthen
their neural connections. Halpern and Hakel (2003) refer to this strategy as “the single most
important variable in promoting long-term retention and transfer” (p. 38). Requiring students to
frequently retrieve information creates a “memory trace” and repeated practice strengthens the
neural connections. Incorporating frequent real-time polling during each class moves students
from being passive learners to becoming active participants by continually requiring them to
“practice at retrieval” (Halpern & Hakel, 2003, p. 38).

Classes in which students are passive learners and receive information from teachers who
lecture result in student memorization and ‘cramming’ in preparation for tests (Organization of
Economic Cooperation and Development, 2009). Students may receive good grades because the
brain’s short-term recall can store information for 18 to 36 hours (Bjork, 1994). If students do
not continue to practice using that information, any new cellular material is reabsorbed by the
brain and the information is not retained (Zadina, 2008). In a lecture-based classroom, the
instructor is the one who is firing his or her own neuron network and the students are in a state of
passivity (Doyle, 2011). In a teacher-centered approach, instructors feel pressured to “cover”
their course material and they march through the textbook material to ensure that every chapter
of the book is covered. This learning is inert and does not result in high levels of transfer
(Bransford, Franks, Vye, & Sherwood, 1989). Wiggins and McTighe (2005) called this approach
to teaching, “Teach, test, and hope for the best” (p. 3). In this approach, the implicit assumption
is that learning transfer simply takes care of itself. Rogers (1983) argued the need to change
teacher-centered learning environments because “students become passive, apathetic, and bored”
(p. 25). The incorporation of real-time polling can enhance students’ levels of engagement and
participation (Patry, 2009) because it can help shift learning environments from teacher-centered
to learner-centered by requiring students to participate by using their polling device to respond to
polling questions (McCabe, 2006).

Deep Understanding.

The second characteristic of classes that enhance learning transfer is that students need to
move from simple memorization to deep understanding with abstract and contextual knowledge.
Students become engaged when given opportunities to experience abstraction, which is the
process of allowing students to apply the content to other contexts (Bransford et al., 2000).
Students also need to move beyond the lower-level thinking skills such as remembering and
understanding and move to the higher-order thinking skills of applying, analyzing, evaluating,
and creating (Krathwohl, 2002; Renkl, Atkinson, Maier, & Stanley, 2002).

Mazur (1977), a Physics and Applied Physics professor at Harvard University, began
using real-time polling to ensure his students had deeper levels of understanding. Mazur
continues to use real-time polling to deepen students’ understanding by interspersing his lectures
with conceptual questions that are designed to expose challenges in understanding the material.
The questions he uses require students to use their higher-level application skills to be able to
provide a response. Mazur gives students a few minutes to deliberate, and then must commit to
an answer by using the polling device. Using this methodology allows instructors to quickly
gauge students’ understanding through the instructor response dashboard that summarizes the
students’ responses (Miller, Lasry, Lukoff, Schell, & Mazur, 2014). When classes have high
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levels of misunderstanding, Mazur asks students to spend a few minutes in groups of three or
four in order for them to reach consensus on the correct answer. Students then need to think
through their arguments and discuss them with other students; this process allows them to deepen
their level of understanding and also clarify any misunderstandings. Since students are trying to
convince each other of the correct answer, this type of teaching methodology is called peer
instruction (Mazur, 1997). Following student discussions, instructors have students use the
polling device to vote again. Instructors can then share the correct answer and respond to any
lingering questions or provide clarification, if needed. The use of real-time polling in peer-
instruction is an excellent strategy to help enhance students’ learning transfer because it requires
students to be actively engaged. Students need to apply their knowledge and then defend their
answers, instead of simply sitting passively in class and taking notes (Lambert, 2012).

Frequent Assessments.

The third characteristic of classes designed to maximize learning transfer is that students
are actively involved with frequent assessments that are distributed throughout the class.
Students should not be assessed with one-time tests such as a single mid-term or final exam, but
be continually assessed using active, dynamic, and continual processes (Bransford et al., 2000).
Incorporating polling into each and every class requires students to be continually assessed,
which requires them to stay engaged and results in better long-term retention (Pashler, Rohrer,
Cepeda, & Carpenter, 2007). Polling can also allow students to review course content by
assessing prior knowledge (Abrahamson, 1999). Once stored, it is important to continue to
review the information on a regular basis, thereby strengthening connections between neurons
(Willis, 2006).

Instructors teaching Educational Psychology at the University of California found their
students scored significantly higher on exams when they used clickers during class as formative
assessments to respond to frequent exam-like questions compared to students enrolled in classes
not using clickers. The researchers felt the clickers increased student learning because: (a)
students needed to pay closer attention to the course material to be able to correctly answer the
exam-like questions; (b) students needed to organize and integrate their course material in their
brains while formulating answers, and (c) students develop metacognitive skills for gauging their
levels of understanding of the course material (Mayer et al., 2009).

Instructors teaching a large enrollment introductory psychology class embedded
questions throughout the lecture as a formative assessment method to test students’ level of
understanding. The researchers found the students in classes using clickers had significantly
higher scores (p < .05) than students enrolled in sections not using this teaching methodology
(Powell, Straub, Rodriguez, & VanHorn, 2011).

Increase use of Senses.

The fourth characteristic of classes designed to encourage higher learning transfer is that
students are required to use more of their senses (Seitz, Kim, & Shams, 2006). Real-time polling
can be used in class to help students utilize more of their senses while learning course content.
For example, students use their visual memory when seeing the questions, problem sets, and
possible answers displayed on PowerPoint slides. Students also use their auditory memory when
hearing their instructor talk about the questions and later, if students are to discuss the answers
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with their peers. Additionally, students use their tactile-kinesthetic memory when moving their
body from a potentially bored, inattentive, passive listener position to a more alert one in which
they prepare to use the polling device to choose an answer. Furthermore, students also activate
their feelings of excitement as they begin to generate eagerness when they are required to make a
choice on the polling device. The more senses students use in practicing their learning, the more
pathways become available for recall (Seitz et al., 2006). Implementing multisensory learning
environments allows for more effective learning transfer for longer periods of time (Medina,
2008). “Learning will happen more effectively if the learner is as involved as possible, using as
many of his [or her] faculties as possible, in the learning” (Crosby, 1981, p. 10).

Visible Learning.

The fifth characteristic of classes that are designed for strong learning transfer is that
classes include activities that require students to make their learning visible, clarify any
misconceptions, and develop their metacognition (Bransford et al., 2000). Metacognition is a
person’s awareness of their own thinking and their ability to plan, monitor, evaluate, and repair
cognitive learning (Kirsh, 2005). Incorporating real-time polling with appropriately crafted
questions is an excellent strategy to help students strengthen their metacognition because it
requires students to repeatedly and frequently apply knowledge to answer questions and receive
immediate feedback about their level of understanding of the topic (Manke-Brady, 2012). This is
important because Halpern and Hakel (2003) found that students are poor judges of how well
they understand complex topics and will develop misunderstandings if they do not have ways to
accurately judge their levels of understanding. Chabris and Simons (2009) outlined why
students’ develop misunderstandings by explaining that people have challenges with their
perception, memory, attention, and reasoning. They went on to note that people frequently miss a
lot of things happening around them, but due to inattentional blindness, they have no idea what
they are missing. Developing lessons that help students identify their misconceptions allows
them to learn content at deeper levels for longer retention.

Increased Participation and Engagement.

The sixth characteristic in classes designed for effective learning transfer is that classes
are designed to require students to have high levels of participation and engagement in order to
keep students’ attention. Penner (1984) found that student attention and concentration drops off
dramatically after 10 to 15 minutes. Research studies have shown that the human brain is not
equipped to pay attention to auditory information for long periods of time, regardless of the
students’ grade level or ability (Milton, Pollio, & Eison, 1986). Bligh (2000) conducted research
to show that when students spend prolonged periods of time on a repetitive task such as note
taking, their lower centers of the brain (mindless behavior) becomes activated. Research in
neuroscience has suggested that students need to practice and use information to allow them to
see how the information has interconnections and how it can be used in other contexts to enhance
learning transfer (deWinstanley & Bork, 2002). If students are going to achieve learning beyond
lower-level information acquisition, they need to be actively engaged in the process of learning
(Pascarella & Terenzini, 2005). “If we want students to become more effective in meaningful
learning and thinking, they need to spend more time in active, meaningful learning and thinking-
not just sitting and passively receiving information” (McKeachie, Pintrich, Lin, & Smith, 1986,
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p. 77). Incorporating real-time polling is a good way to break-up long lectures (Addison, Wright
& Milner, 2009) and will ensure that students have high levels of engagement and participation
which will lead them to develop stronger neural connections to maximize learning transfer
(Doyle, 2011).

Research Questions

The instructors involved in this research study attempted to utilize the real-time polling in
their classes to maximize learning transfer of students by increasing students’ levels of
engagement and participation. The researchers attempted to answer the following questions:

1) Does the use of real-time polling have an impact on students’ perceived levels of
participation and engagement?

2) Does the use of real-time polling have an impact on students’ perceived ability to
understand the course material?

Method

Three instructors in five different classes used real-time polling in an attempt to increase
students’ levels of engagement and participation in order to enhance students’ learning transfer.

Demographics

The students in this research study were enrolled in classes at a mid-sized university in
the Midwest in the United States. The survey was given to 97 participants in five different
classes taught by three different instructors. There were two students who did not have a device
to utilize for the real-time polling and could not participate, so they only completed the
demographics section of the survey. The students in the survey were majoring in Organizational
Leadership, which is designed to prepare them to become managers and supervisors in the
private, public, and nonprofit sectors. All students taking the survey were undergraduates with
the majority being seniors (N = 56), the next being juniors (N = 39), and the least of them being
sophomores (N = 2). The age of the participants ranged from 18-24 (N = 57), 25-30 (N = 21),
31-40 (N =9), 41-50 (N = 9), and 50 and over (N = 1). The gender make-up of the participants
was more male (N = 53) than female (N = 44). The racial mix of the participants was Caucasian
(N =72), African American (N = 21), Other (N = 2), Asian (N = 1), and Hispanic/Latino (N=1).

Instrument

Students were asked to complete a paper and pencil survey to measure their perceptions
of using the Poll Everywhere real-time polling. The survey was administered by someone other
than the classroom instructor, to assure students’ privacy. The survey was administered during
the last week of a semester class. Students completed a 49-question survey that was developed
by the researchers. The survey included questions about students’ demographics, the type of
device they used, their level of participation and engagement, their thoughts about learning
transfer, and their thoughts about using real-time polling in the future. Utilizing a Likert Scale,
students responded to statements with a (1) Strongly Agree (SA), (2) Agree (A), (3) Disagree
(D), or (4) Strongly Disagree (SD). Additionally, students were asked to provide comments
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about the impact of real-time polling on their level of understanding, satisfaction, participation,
and engagement by responding to open-ended questions.

Procedure

Instructors in five different classes asked students to use Poll Everywhere as a real-time
polling device to respond to polling questions while teaching their classes. Students used their
personal devices (cell phones, lap top, or tablet) to respond to these real-time polls. Quantitative
data were gathered from students by asking them to complete a survey questionnaire that asked
students to give their perceptions about how the use of real-time polling had an impact on their
level of understanding and their level of participation and engagement. Students were given
statements such as “Using real-time polling during class helps me to better understand the class
material” and then select if they (1) Strongly Agree, (2) Agree, (3) Disagree, or (4) Strongly
Disagree. Students’ Likert scale responses were entered into an Excel spreadsheet and then
imported into SPSS 21 for quantitative data analysis. On the quantitative survey, there were six
questions designed to measure for student participation and nine questions designed to measure
for engagement. Exploratory factor analysis (EFA) with principal axis factoring and varimax
rotation was used to identify the underlying relationships between the survey items (Norris &
Lecavalier, 2009). Results are displayed in Table #1. Principal axis factoring assumes all
variables have been measured with some degree of error (Kim & Mueller, 1978). Varimax
(orthogonal) rotation attempts to minimize the number of variables that have high factor
loadings, thus interpretability of factors can be enhanced. Bartlett’s test of sphericity (x?=651.93,
p<.01) indicates the correlation matrix is an identity matrix; thus data appear to be a sample from
a multivariate normal population.

Table 1. Rotated Factor Matrix

Factor
1 2 3

023 - 545
Q24 | .461 736
Q25 | .583 465
Q26 | .684
Q27 | .707
Q28 380
Q31| .686
Q32 | .764
Q33| .766
Q34 | .709
Q35 -442
Q36 | .722
Q37| .783
Q38 | .760
Q39 | 571 490
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The most conservative approach to interpreting the rotated factor matrix was employed;
thus any items that loaded across multiple factors were removed. The final variable, Classroom
Engagement and Participation, is comprised of items 26, 27, 31, 32, 33, 34, 36, 37, and 38. The
Cronbach’s Alpha for Classroom Engagement and Participation is .92, which indicates an
excellent level of internal consistency among these questions (George & Mallery, 2011).

Qualitative data were gathered from opened-ended questions where students were asked
two open-ended questions about their thoughts about how the use of real-time polling impacted
their comfort level speaking in class and how it impacted their level of attention and engagement.
The responses to opened-ended questions were imported into NVvio 10 research software for
qualitative analysis to group with common themes.

Results

The results section summarizes the results from the student survey that measures
students’ perceptions about the incorporation of real-time polling in their class.

Research Question #1

The first research question asked if the use of real-time polling had an impact on
students’ level of participation and engagement. In total, there were nine questions on the survey
measuring the impact. Cronbach’s Alpha, the measure for internal consistency, revealed internal
consistency of .92 which indicates an excellent level of internal consistency (George & Mallery,
2011). These nine questions were combined to develop a total score to summarize students’
perceptions of how the use of real-time polling had an impact on their level of participation and
engagement (M = 1.5; SD = .45.).

Four of these questions about students’ level of participation and engagement asked
students how the use of real-time polling impacted their classroom communication (see Table 2).
The questions which the students agreed with from most to least included: (1) I feel that using
real-time polling during class enhances the quality of discussions (M = 1.46); (2) | like that my
polling responses are anonymous (M = 1.48); (3) The use of real-time polling in class enhances
controversial discussions (M = 1.51), and (4) Using real-time polling in class makes me feel as if
I have a voice to contribute during class discussions (M = 1.71).
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Table 2. Real-time polling survey: Participation & Engagement questions

N SA A D SD M SD
“m @ & @
1) Q #32: 1 feel that using real-time 94 51 43 0 0 1.46 .50
polling during class enhances the
quality of discussions. 54% 46% 0% 0%
2) Q#27: 1 like that my polling 94 52 39 3 0 1.48 .56

responses are anonymous.
55% 42% 3% 0%

3) Q #34: The use of real-time 95 51 40 4 0 1.51 .58
polling in class enhances
controversial discussions. 54% 42% 4% 0%

4) Q #26: Using real-time polling in 94 37 47 10 0 1.71 .65
class makes me feel as if | have a
voice to contribute during class 39% S50% 11% 0%
discussions.

There were three questions that asked if students felt the use of real-time polling
increased levels of participation and engagement because it impacted their enjoyment (see Table
3). The questions students agreed with from most to least included: (1) I like using a personal
mobile device to engage in real-time polling during class (M = 1.36); (2) Using mobile devices
for real-time polling during class is fun (M = 1.40); and (3) | wish that other instructors would
use real-time polling in their classes (M = 1.49).

Table 3. Poll Everywhere Survey: Enjoyment and fun questions

N SA A D SD M SD
“m @ 6 @
1) Q #31: 1 like using a personal 95 63 30 2 0 1.36 .52
mobile device to engage in real
time polling during class. 66% 32% 2% 0%
2) Q #33: Using mobile devices for 95 60 32 3 0 1.40 .55
real-time polling during class is
fun. 63% 34% 3% 0%
3) Q #38: I wish that other 95 50 43 2 0 149 54
instructors would use real-time 53% 45% = 2% 0%
polling in their classes
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There were two questions on the survey (see Table 4) that measured students’ thoughts
on whether they believed real-time polling kept them engaged and attentive. The questions with
which the students agreed with from most to least included: (1) | feel more connected to the class
when participating with real-time polling (M = 1.65) and (2) | become attentive when my
instructor directs us to respond using real-time polling (M = 1.67).

Table 4. Poll Everywhere Survey: Engagement questions

N SA A D SD M SD
“m @ 6 @
1) Q #37: | feel more connected to 94 43 42 8 1 1.65 .68
the class when participating with
real-time polling. 46% 44% 9% 1%
2) Q #36: | become attentive when 95 39 48 8 0 1.67 .63
my instructor directs us to respond
using real-time polling. 41% 51% 8% 0%

Open-ended comments were grouped into categories where students indicated the use of
real-time polling had an impact on their participation and engagement. The two categories
identified were an impact on their active participation and also their levels of participation and
engagement. In the first category of active participation, some students felt the real-time polling
allowed them to be more fully active in the class for those students that were shy and they felt
the polling gave them a voice (see Table 5).

Table 5. Student comments about effect of real-time polling on giving them a voice

1) Sometimes I can feel uncomfortable speaking in class, this definitely provides an outlet for
people to be heard, no matter what the comfort level AND takes less time than hearing
everyone’s opinion.

2) | get nervous speaking in front of people and with the polling I can still get my statement
made without being shy.

Some students felt they could be more active in the classroom using real-time polling
because it allowed them to respond anonymously and they could express their opinions without
being judged (see Table 6).
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Table 6. Student comments about effect of real-time polling on being judged

1) Tdon’t speak up b/c [sic] I am often the one who knows the answers and don't want to be the
“teacher's pet”.

2) [l don’t speak up because I] feel uncomfortable when I think people are judging my
disability.

3) Ilove that it is anonymous, I don’t feel judged or anxious.

Some students did not believe that real-time polling had any effect on their active
participation because they felt comfortable speaking up in class and commented, “I prefer getting
credit for my ideas rather than anonymous responses.”

The second category identified in the open comments was related to comments regarding
how real-time polling impacted their levels of participation and engagement. The majority of
comments from students indicated that the use of real-time polling had a positive impact on their
level of engagement. Most students felt that the use of real-time polling helped them to stay
focused and have fun with comments such as those listed in Table 7.

Table 7. Effect of real-time polling on participation and engagement due to focus and fun

1) Just makes you pay attention.

2) It keeps things moving and energetic! It’s not just passing through lecture slides [and] offers
something more.

3) It makes class fun.

4) Feel more engaged.

Students also felt the use of real-time polling impacted their levels of participation and
engagement because it allowed everyone in the class to feel included (see Table 8).

Table 8. Effect of real-time polling on participation and engagement due to inclusion

1) They are a good way to interact with the class and keep everyone involved.

2) | think it allows everyone to feel like they can contribute to the class discussion.

3) 1 don't mind speaking up in class. | sometimes have exactly the same thing to say as someone
else and that may be why I don't say much but I also enjoy using the Real time polling
because it gives the whole class a voice.

Research Question #2

The second research question asked if the use of real-time polling had a perceived impact
on students’ ability to understand the course material. There were 90% of the students who
strongly agreed or agreed (see Table 9) that the use of real-time polling helped them to better
understand the material (M = 1.84, SD = .57).
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Table 9. Poll Everywhere Survey: Perceived Student Learning

N SA A D SD M  SD
“» @ & @
Using real-time polling during class 94 24 61 9 0 1.84 .57

helps me to better understand the

class material. (25%) (65%) (10%) (0%)

A bivariate analysis was conducted to determine the empirical relationship between
Perceived Student Learning and Classroom Engagement and Participation. The bivariate
correlation between the two variables of Perceived Student Learning and Classroom Engagement
and Participation is significant (r=.55, p<.01, n=91). There was evidence to conclude there is a
significant association between Classroom Engagement and Participation and Perceived Student
Learning.

To evaluate differences in perceptions between individuals with high perceptions of
learning transfer (comprised of Strongly Agree and Agree) and low perceptions (comprised of
Disagree and Strongly Disagree), an independent sample t-test was computed using Classroom
Participation and Engagement as the test variable and Perceived Student Learning as the
grouping variable (Group 1=Strongly Agree and Agree; Group 2=Disagree; Note; 0 responses
for Strongly Disagree). Results indicated the difference (MD=.52, t(9.60) -3.50, p<.001, equal
variances assumed) between students with higher perceptions of learning transfer reported
greater perceptions of overall engagement than students with lower perceptions of learning
transfer (m=1.48, n=82, sd=42; m=2.00, n=9, sd=.42, respectively, where lower scores indicate
higher levels of perceived overall engagement).

Open-ended comments were grouped into categories where students indicated the use of
real-time polling had an impact on their learning. The three categories identified were visible
learning, frequent assessments, and deeper learning. Students felt that the use of real-time polling
allowed instructors to craft questions where students’ responses help make learning visible.
Students made comments in the first category with comments such as comments in Table 10.

Table 10. Impact of real-time polling on students’ learning by making learning visible

1) Totally engages you and you know what your level of understanding is.

2) | really enjoy this. I think it keeps students involved while in class. It reminds me of how
when you're in grade school and you write your answer on your white board.

3) It lets you see how almost the whole class views a particular subject.

4) 1 felt that polling allows me to see how others feel

Another category that was identified from open comments was that instructors could use
real-time polling to quickly and frequently assess students (see Table 11).
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Table 11. Impact of real-time polling on students’ learning with frequent assessments

1) Sometimes | can feel uncomfortable speaking in class, this definitely provides an outlet for
people to be heard, no matter what the comfort level AND takes less time than hearing
everyone’s opinion.

2) | felt it was a faster way to get my point and answer across.

3) | thought it was great, makes me feel accountable.

The third category identified from open comments was that instructors could use real-
time polling to encourage deeper learning. Students reported that when results of real-time polls
were displayed, it sparked a good class discussion (see Table 12).

Table 12. Impact of real-time polling on students’ perceived learning with deeper
learning

1) | fell helps start good class discussion.

2) | like seeing the results pop up on the screen and the discussions afterword.

3) I think real time polling helps me to speak in class because it can [help me to] feel
comfortable about what | say if | see that others would agree.

Discussion

Bransford et al. (2000) found that it is necessary for instructors to design classes where
students have high levels of participation and engagement to enhance students’ learning transfer.
Design strategies to enhance learning transfer are classes where instructors require students to
have active participation, deep levels of understanding, frequent assessments, increased use of
their senses, make their learning visible, and high levels of participation and engagement. This
section discusses if the incorporation of real-time polling had an impact on these characteristics
designed to enhance learning transfer.

Active Participation.

Halpern and Hakel (2003) found that learning transfer is enhanced by requiring students
to practice at retrieving content by actively participating instead of passively listening to lectures.
Getting students to actively participate in class may be a challenge to many instructors and
incorporating real-time polling can give instructors tools to enable this. Some students admitted
that they were shy and that real-time polling helped give them a voice (89%). Most students
communicated appreciation of the anonymous nature of the polling (97%). Some of the open-
ended comments revealed that there were students who felt comfortable speaking in class and
that for them, the real-time polling made no difference.

Deeper Understanding.

The incorporation of real-time polling followed by class discussion has been shown to
deepen students’ understanding of course concepts (Mazur, 1977). The students in this study
overpoweringly indicated that the use of real-time polling helped them to better understand the

52
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



Stover, S., Noel, D., McNutt, M., & Heilmann, S. G.

class material with 90% agreeing with this statement. Students unanimously agreed that the use
of real-time polling helped the quality of the discussion with 100% agreeing and 96% of them
indicating that it enhanced controversial questions. Students felt the real-time polling encouraged
deeper understanding because the results of the polls would be displayed and spark a good
discussion. Some students felt more comfortable joining the discussion when they could see their
opinions would be supported from the poll results.

Frequent Assessments.

Karpicke and Roediger (2006) found that when study preparation time is equal, students
that used assessment tools in their study preparation significantly improved their long-term
retention compared to students using review methods for studying. Incorporating assessments
requires students to be actively involved in their learning since their brain is retrieving
information and the effort deepens and strengthens their neural connections (Larsen, Butler, &
Roediger, 2013). Students in this study reported the incorporation of real-time polling allowed
instructors to quickly and frequently assess students with polling questions. Instructors that
incorporate real-time polling requires all the students to actively engage with assessment by
responding to the polling questions, instead of a few that might verbally answer a question
during class. The regular incorporation of real-time polling made some students believe they
were accountable since they were being frequently polled.

Increased use of senses.

Many classroom instructors can intuitively read their students’ body language to judge
their level of alertness. The instructors noted that students’ physical demeanor would change
when polling questions were included by moving from a relaxed posture to an attentive and
engaged demeanor. Students use more of their senses when asked to pick up their real-time
polling device as they are seeing the question, touching their responding device, and feeling the
excitement as they prepare to select their response. Seitz et al. (2006) found that the more senses
that students use while learning the better as more pathways become available for recall. There
were 92% of the students felt the use of real-time polling required them to become more
attentive.

Visible learning.

Traditional studying methods such as reading the textbook and highlighting the course
material can cause students to have a “fluency illusion” because they understand the material and
believe they have mastered the content (Carey, 2014). The students in these classes reported that
the use of real-time polling allowed the instructor to make learning visible when they displayed
the aggregate results of each poll. This allowed students to see how the other participants in class
felt about the questions or how they stacked up against their peers. One student compared the use
of real-time polling to the process of going to a whiteboard to make their learning visible.

Increased participation and engagement.

The majority of university classes last from 50 to 90 minutes, which is much longer than
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the typical attention span of most college students. Bunce, Flens, and Neiles (2010) found that
classes designed using real-time polling to enhance active learning results in fewer attention
lapses due to the engaging of students’ attention. The student in this research study indicated that
the use of real-time polling helped them feel higher levels of engagement with most of the
students indicating that they wished other instructors would implement it (98%). Students felt
that using real-time polling was fun (97%), and made them more connected to the class (90%).
The open-ended comments supported this with almost all comments conveying that real-time
polling helped to get their attention.

Considerations for Implementing Real-Time Polling

Instructors will not only face challenges in learning the technical steps of setting up real-
time polling, but also face pedagogical challenges to ensure the implementation of real-time
polling results in learning enhancements. Many universities will offer technical training
workshops which will help instructors learn practical applications, but few offer workshops in
pedagogical implementation. A suggestion would be to implement real-time polling with a
colleague and take turns conducting peer-reviews of each classroom. Another advantage of
implementing real-time polling with a colleague is that instructors can practice together and
brainstorm technical and pedagogical issues to develop solutions.

Based on this study, the researchers have some suggestions for instructors who wish to
incorporate real-time polling into their classroom. The first consideration is to ensure that most
students have a cell-phone or device to participate in the real-time polling. The results from this
research study showed that 98% of students had cell phones which allowed them to participate.
Of those students who had cell phones, 100% of them indicated that they would prefer using
their cell phone for the real-time polling instead of purchasing a “clicker device.” Since the
majority of students had devices which allowed them to participate, instructors were quite
pleased when they were able to quickly query the class and get a response from most students.
While there were two students who indicated that they did not have a cell phone and could not
participate, the researchers felt that they obtained a much larger number of students participating
than they would have normally during class discussions without the use of real-time polling.

Instructors may also face technical challenges when implementing Poll Everywhere. The
Poll Everywhere technology requires that students use their own texting service to respond to
real-time poll questions. Therefore, students’ phones need to have robust enough phone service
to be able to text responses. Since the real-time polling required students to text their responses,
this was sometimes a usability issue for those students who were unfamiliar with how to use their
texting tool on their cell-phone. Additionally, students who used feature phones (non-smart
phones) to text their answers were at a disadvantage because it took longer for them to text their
response and doing so was a substantially more cumbersome process.

Another challenge for instructors to be aware of is that for Poll Everywhere real-time
polling, students are charged for each text that is sent to respond to a question. The costs incurred
for texting would normally be far less than the $40 for the cost of a clicker device, even though
the cost for required clicker devices may be covered by tuition assistance, where data plan costs
normally would not. Several of the students provided open-ended comments that indicated they
did not have issues with texting by saying, “I think everyone has unlimited texting.”

Instructors should also be aware that the time of day may have an impact on students’
ability to participate using their own cell phone. For example, during evening classes students’
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cell phone batteries may begin to lose power and students may want to spare cell-phone use to
ensure power for their ride back home.

The classroom environment should be considered by instructors before implementing
real-time polling that requires students to use their own cell-phones. Evening classes or lack of
phone access may require instructors to use traditional “clicker devices.” However, if the
environment supports students’ use of their own cell phone device, it can save students money as
well as the additional burden of having to bring an additional “clicker device.”

Significance of the Study

The ultimate goal for higher education needs to be transfer of learning so that students
can take the knowledge learned and utilize it when employed and the instructor is not there to
help them. Instead of teaching students to successfully complete midterms, instructors need to
design their classes to prepare students to independently use the knowledge in an unpredictable
real world situation (Halpern & Hakel, 2003). Real-time polling can be used to help implement
design characteristics that increase students’ levels of engagement and participation that will
enhance learning transfer. Companies like Poll Everywhere now have real-time polling solutions
where students no longer need to purchase “clicker devices”, but can use their existing cell-
phone to respond to real-time polls. Allowing students to use their own device to participate in
the real-time polling not only saves them money, but eliminates the need of having to bring an
additional device to class since most students usually have them readily available.

Study Limitations

This study relied on the perceptions of students who responded to a survey. The study
also relied on three different instructors implementing real-time polling in their class, so some
variation on instructors’ levels of expertise in conducting the polls was expected, which might
have affected the results. This study asked for students’ perceptions if the use of real-time polling
increased their understanding of the course content and did not measure assessment results.
Another limitation is that the researchers were also the instructors of these courses and this
duplicity of roles may have affected their objectivity in analyzing the student responses.

Suggestions and Recommendations for Further Research

Almost all the students in this study had devices to use for real-time polling with 98% of
students owning cell phones. This allowed students to participate in real-time polling without the
necessity of spending extra money for a “clicker” device. A suggestion for further research
would be to compare students’ perceptions of engagement and participation in classes where
students are required to purchase “clicker” devices to classes where students use their own cell
phone.

The data for this study was gathered from a survey given to students. A recommendation
for further research would be to conduct interviews with students to elicit anecdotal information
to gather deeper understandings of how students perceived the use of real-time polling had an
impact on their level of understanding course material, their level of participation, and their level
of engagement. This study was conducted in one department at one university. Another
suggestion for research could be to conduct the study with different academic departments and/or
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different universities to see if there is a difference with the results, especially if the instructor is
not also conducting the study.

Final recommendation for future studies would be to expand the use of real-time polling
to teaching students how to utilize the technology. Ninety three percent of students indicated on
the survey they felt that using real time polling could benefit their professional life and ninety-
two percent indicated that it would be a marketable skill that could be help differentiate them. In
the classes used for this study, the instructor conducted the real-time polling and the students
who responded to the polling questions. A recommendation for further research would be to have
the students facilitate real-time polling in their presentations to see if their perception of the
value of using real-time polling increases.

Conclusion

The purpose of higher education to ensure learning transfer is so that our students can
take the information learned while enrolled in classes and be able to recall and implement this
learning when employed at a later date in situations that are different than the classroom.
“Teaching for retention during a single academic term to prepare students for an assessment that
will be given to them in the same context in which the learning occurs is very different from
teaching for long-term retention and transfer” (Halpern & Hakel, 2003, p. 38). Instructors can
use real-time polling to design classes that enhance students’ learning transfer. The use of real-
time polling will allow students to “practice at retrieval” (Mayer et al., 2008) by providing
instructors with frequent opportunities in which they can encourage their students to apply
learning while responding to polling questions. Furthermore, real-time polling enables students
to develop their metacognition (Halpern & Hakel, 2003) because they are able to check their own
understanding by comparing their own responses to the correct answers. The incorporation of
real-time polling will facilitate instructor adoption of more learner-centered strategies that allow
students to assume more responsibility of their learning, and also ensure that students are in
active learning environments instead of being passive recipients of knowledge (Doyle, 2011).

The instructors involved in this study redesigned their courses using real-time polling to
enhance their students’ learning transfer. The results of the survey showed that students reported
perceived higher levels of participation and engagement. Students’ responses also demonstrated
that they concluded that the use of real-time polling overwhelmingly helped them to better
understand the content.

Based on the statistically significant positive relationship between the variable of
Engagement and Participation and the other variable of perceived student learning (r=.55, p<.01,
n=91), it can be concluded that use of real-time polling does engage students. This engagement
has been shown to have a positive impact on perceived student learning.

56
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



Stover, S., Noel, D., McNutt, M., & Heilmann, S. G.

References

Abrahamson, A. L. (1999, May). Teaching with Classroom Communication System -- What it
involves and why it works. Paper presented at International Workshop, New Trends in Physics
Teaching, Puebla, Mexico. Retrieved from Better Education Inc. web site:
http://www.bedu.com/Publications/PueblaFinal2.html.

Addison, S., Wright, A., & Milner, R. (2009). Using clickers to improve student engagement and
performance in an introductory Biochemistry class. Biochemistry and Molecular Biology
Education, 37(2), 84-91. doi: 10.1002/bmb.20264

Bjork, D. R. (1994). Memory and metamemory: Considerations in the training of human beings.
In J. Metcalfe & A. Shimamura (Eds.). Metacognition: Knowing about knowing, 185-205.
Cambridge, MA: MIT Press.

Bligh, D. A. (2000). What'’s the use of lectures? San Francisco: Jossey-Bass.

Bomia, L., Beluzo, L., Demeester, D., Elander, K., Johnson, M., & Sheldon, B. (1997). The
impact of teaching strategies on intrinsic motivation. Retrieved from ERIC database.
(ED418925).

Bransford, J. D., Brown, A. L., & Cocking, R. R. (2000). How people learn: Brain, mind,
experience, and school. Washington, DC: National Academy Press.

Bransford, J. D., Franks, J. J.., Vye, N. J., & Sherwood, R. D. (1989). New approaches to
instruction: Because wisdom can’t be told. In S. Vosniadou & A. Ortony (Eds.), Similarity and
analogical reasoning (pp. 470-497). New York, NY: Cambridge University Press.

Bunce, D. M., Flens, E A., & Neiles, K. Y. (2010). How long can students pay attention in class?
A study of student attention decline using clickers. Journal of Chemical Education, 87(12),
1438-1443.

Campt, D., & Freeman, M. (2010). The meetings revolution will be clickerized. Corporate
Meetings & Incentives, 29(4), 34-35.

Carey, B. (2014). How we learn: The surprising truth about when, where, and why it happens.
New York, NY: Random House.

Chabris, C. & Simons, D. (2009). The invisible gorilla: How our intuitions deceive us. New
York, NY: Broadway Paperbacks.

Croshy, A. (1981). A critical look: The philosophical foundations of experiential education.
Journal of Experiential Education. 4(1), 9-15. doi: 10.1177/105382598100400103

Dahlstrom, E. (2012). ECAR study of undergraduate students and information technology.
Louisville, CO: EDUCAUSE Center for Applied Research. Retrieved from

57
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



Stover, S., Noel, D., McNutt, M., & Heilmann, S. G.

http://www.educause.edu/ecar

deWinstanley, A. & Bork, R. A. (2002). Successful lecturing: Presenting information in ways
that engage effective processing. In D. F. Halpern & M. D. Hakel (Eds.), Applying the science of
learning to university teaching and beyond (19-32). New York, NY: Wiley Periodicals.

Doyle, T. (2011). Learner-centered teaching: Putting the research on learning into practice.
Sterling, VA: Stylus.

Exeter, D. J., Ameratunga, S., Ratima, M., Morton, S., Dickson, M., Hsu, D., & Jackson, R.
(2010). Student engagement in very large classes: The teachers’ perspective. Studies in Higher
Education, 35(7), 761-775.

George, D. & Mallery, P. (2011). SPSS for windows step by step: A simple guide and reference
(Eleventh Edition). Boston, MA: Allyn & Bacon.

Halpern, D. F., & Hakel, M. D. (2003). Applying the science of learning to the university and
beyond. Change, 35(4), 36-41. doi: 10.1080/00091380309604109

Kelly, K. (2011). San Francisco State University Student response systems (“Clickers”): Clicker
standardization investigation project report. Retrieved from
http://angieportacio2.myefolio.com/Uploads/CSI_00_Clickers_ProjectReport_vlc.doc

Kim, J., & Mueller, C.W. (1978). Factor analysis: Statistical methods and practical issues.
Newbury Park, CA: SAGE Publications.

Kirsh, D. (2005). Metacognition, distributed cognition and visual design. In P. Gardenfors & P.
Johansson (Eds.), Cognition, education, and communication technology (pp. 147-180). Mahwah,
NJ: Lawrence Erlbaum Associate, Inc.

Krathwohl, D. R. (2002). A revision of Bloom's taxonomy: An overview. Theory Into Practice,
41(4), 212-218. doi:10.1207/s15430421tip4104_2.

Lambert, C. (2012). Twilight of the lecture. Harvard magazine. Retrieved from
http://harvardmagazine.com/2012/03/twilight-of-the-lecture

Larsen, D. P., Butler, A. C., & Roediger, H. L. (2013). Comparative effects of test-enhanced
learning and self-explanation on long-term retention. Medical Education, 47(7), 674-682. doi:
10.1111/medu.12141

Leimbach, M., & Maringka, J. (2009). Learning transfer model: A research-driven approach to
enhancing learning effectiveness. Wilson Learning. Retrieved from
http://www.wilsonlearning.com/images/uploads/pdfs/Learning_Transfer_Approach.pdf

Manke-Brady, M. (2012). Clickers and metacognition: How do electronic response devices
(clickers) influence student metacognition? (Doctoral dissertation). Retrieved from USB Digital

58
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



Stover, S., Noel, D., McNutt, M., & Heilmann, S. G.

Library http://digitallibrary.usc.edu/cdm/ref/collection/p15799coll3/id/35109

Mayer, R. E., Stull, A., DeLeeuw, K., Almeroth, K., Bimber, B., Chun, D., Zhang, H.
(2009). Clickers in college classrooms: Fostering learning with questioning methods in large
lecture classes. Contemporary Educational Psychology, 34 (2009), 51-57. doi:
10.1016/j.cedpsych.2008.04.002

Mazur, E. (1997). Peer instruction: A user’s manual. Upper Saddle River, NJ: Prentice Hall.

McCabe, M. (2006). Live assessments by questioning in an interactive classroom. In Banks, D.
A. (2006) (ed). Audience response systems in higher education: Applications and cases.
Hershey, PA: Information Science Publishing.

McKeachie, W. J., Pintrich, P., Lin Y., & Smith, D. (1986). Teaching and learning in the college
classroom: A review of the research literature. Ann Arbor: University of Michigan, NCRIPTAL.

Medina, J. (2008). Brain rules. Seattle, WA: Pear Press.

Miller, K., Lasry, N., Lukoff, B., Schell, J., & Mazur, E. (2014). Conceptual question response
times in Peer Instruction classrooms. Physical Review Special Topics- Physics Education
Research, 10(2), 020113-1-020113-6. DOI: 10.1103/PhysRevSTPER.10.020113

Milton, O., Pollio, H. R., & Eison, J. A. (1986). Cooperative earning for higher education
faculty. Phoenix, AZ: American Council on Education and The Oryx Press.

Norris, M. & Lecavalier, L. (2010). Evaluating the use of exploratory factor analysis in
developmental disability psychological research. Journal of Autism and Developmental
Disorders, 40(1), 8-20. doi: 10.1007/s10803-009-0816-2.

Organisation for Economic Cooperation and Development (OECD). (2009). Creating effective
teaching and learning environments: First results from TALIS. Paris, France: OECD. Retrieved
from http://www.oecd.org/education/school/creatingeffectiveteachingandlearningenvironmentsfi
rstresultsfromtalis.htm#Video

Pascarella, E. T., & Terenzini, P. T. (2005). How college affects students, Volume 2: A third
decade of research. San Francisco,CA: Jossey-Bass.

Pashler, H., Rohrer, D., Cepeda, N. J., & Carpenter, S. K. (2007). Enhancing learning and
retarding forgetting: Choices and consequences. Psychonomic Bulletin and Review, 14(2), 187-
193.

Patry, M. (2009). Clickers in large classes: From student perceptions towards an understanding
of best practices. International Journal for the Scholarship of Teaching and Learning, 3(2).
Retrieved from http://academics.georgiasouthern.edu/ijsotl/v3n2.html

59
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



Stover, S., Noel, D., McNutt, M., & Heilmann, S. G.

Penner, J. G. (1984). Why many college teachers cannot lecture: How to avoid communication
breakdown in the classroom. Springfield, IL: Charles C. Thomas.

Poll Everywhere. (n.d.). Frequently asked questions. Retrieved from
http://www.polleverywhere.com/faq

Powell, S., Straub, C., Rodriguez, J., & VanHorn, B. (2011). Using clickers in large college
psychology classes: Academic achievement and perceptions. Journal of the Scholarship of
Teaching and Learning, 11(4), 1-11.

Ratey, J. (2002). 4 user’s guide to the brain: Perception, attention, and the four theaters of the
brain. New York, NY: Vintage Books.

Renkl, A., Atkinson, R. K., Maier, U. H., & Staley, R. (2002). From example study to problem
solving: Smooth transitions help learning. Journal of Experimental Education, 70 (4), 293-315.

Roediger, H. L. & Karpicke, J. D. (2006). Test-enhanced learning: Taking memory tests
improves long-term retention. Psychological Science, 17(3), 249-55.

Rogers, C. R. (1983). As a teacher, can | be myself? In Freedom to Learn for the ‘80’s.
Columbus, OH: Charles E. Merrill Publishing Company.

Schwartz, D. L., & Bransford, J. D. (1998). A time for telling. Cognition and Instruction, 16(4),
475-522. doi: 10.1207/s1532690xci1604_4

Seitz, A. R., Kim, R., & Shams, L. (2006). Sound facilitates visual learning. Current Biology,
16(4), 1422- 1427,

Wiggins, G., & McTighe, J. (2005). Understanding by design. Alexandria, VA: ASCD.

Wiggins, G. (2012). Transfer as the point of Education. [Web log comment]. Retrieved from
http://grantwiggins.wordpress.com/2012/01/11/transfer-as-the-point-of-education/

Willis, J. (2006). Researched-based strategies to ignite student learning. Alexandria, VA:
ASCD.

Zadina, J. (2008). Six weeks to a brain-compatible classroom. Publisher: Author.

60
Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015.
jotlt.indiana.edu



Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015, pp. 61-63.
doi: 10.14434/jotlt.v4n1.13145

Echoes from the Past: Podcasting in the African American Studies
Classroom

Cassandra Jones'
Keywords: podcasting, instructional technology, African American Studies, digital citizenship
Framework

Podcasting has been used to deliver lectures in traditional face-to-face, hybrid, and
distance-learning classrooms. However, an increasing amount of research has explored the
educational benefits of student-created podcasts. Jarvis and Dickie (2010) have noted that
podcasting can allow access to deeper modes of learning. In addition to digital literacy skills,
podcasting has been shown to promote confidence and provide greater motivation for
participating in the course (Lee et al, 2008).

When implementing technology in the classroom my primary goal as an educator is to
use it in service of the core content. As a result, this podcasting project firmly places African
American Culture at the center at both phases of the project: learning how to use the podcasting
software and creating a podcast to share with the class.

This quick hit describes the use of podcasting using Audacity, a free audio-editing
software program, as implemented in an African American Culture class made up of 35 students.
The ethnography podcast replaced a typical research paper with the aim to achieve this greater
motivation and engage deeper modes of learning by asking students to explore their connections
to the African American communities around them.

Making It Work
Phase 1: Learning to Use Audacity

Phase one of the project was a workshop in which students learned how to use Audacity
to record, import, edit, and export audio files. These audio files, exported as .mp3s, were
uploaded both to Blackboard and to a private iTunesU course page. In the two-day workshop,
students were given a mini-podcast assignment through which they learned the skills they would
need for the final project. Upon completion of the assignment, students had produced a one-
minute mini-podcast in which the student introduces him- or herself, the title of the podcast, and
frames the interview content making connections to course concepts. The assignment had the
additional benefit of allowing me to incorporate supplementary historical resources into the
class.

The workshop was held during two 50-minute course sessions. In order to give a group of
35 students as much guidance as possible, I requested the help of our campus’s instructional
design and assistive technology assistant, Winona Hatcher. We decided on iTunesU as an
appropriate place for students to submit their finished products in order to give them the feeling
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of having completed a professional podcast. As our campus has recently begun a “Bring Your
Own Device (BYOD)” initiative, our students own laptops in greater numbers. These devices are
also available from our Information Technology Help Desk to be borrowed for a 7-day period for
students who do not own laptops. I asked the students to download and install Audacity onto
their devices (using IT for guidance if necessary) before the workshop began, encouraging them
to explore the program on their own as well.

Day one of the workshop asked students to edit an .mp3 recording from the Library of
Congress’s American Memory Collection of Slave Narratives. I provided a digital handout
listing the goals for these two days with instructions on how to proceed. I showed students a
YouTube video that outlined the Audacity skills they would need for the assignment, providing a
link on the handout for reference. I then demonstrated these steps for them. Students chose a
slave narrative to download and import into Audacity. After opening the .mp3 file, they edited it
down to a 30 second clip that they could connect with course concepts. While students did this,
Ms. Hatcher and I answered questions or dealt with technical difficulties. Students who moved
swiftly through the assignment were encouraged to help students with questions around them or
move on to the homework assignments.

In preparation for day two, students were required to reflect on the selection they had
chosen and draw connections to course content. As homework, students composed and recorded
an introduction to the podcast that welcomes the listener to the podcast, includes the student’s
name, the name of the interviewee, and frames what the listener will hear. Headphones and
microphones are also available for students from the Information Technology Help Desk. I
provided the students with an example of an introduction I had created for my own mini-podcast
for reference.

Day two of the workshop built on the skills of downloading, importing, editing, and
recording developed on the first day and asked students to layer each of their assembled pieces
and export the files as a singular .mp3 file to be uploaded to Blackboard and our iTunesU course
pages. We briefly reviewed the video, focusing on adding tracks, using the time shift tool to
stagger them effectively, using the envelope tool to increase or decrease the volume of a track to
more smoothly edit transitions between tracks, and exporting completed .aup files as .mp3 files.
In addition, I reviewed the process of uploading the finished product to our Blackboard and
iTunesU course pages. I discussed the importance of choosing copyright-free music and digital
citizenship, including extending proper credit to others’ creations and urged students to choose
copyright-free music to serve as intro/outro music, to play behind their own speech track, or
behind the interview for emotional affect.

Students downloaded and imported an .mp3 of copyright-free music to set the tone for
their podcast, editing for time. Students used the envelope tool to alter the music’s volume and
the time shift tool to layer the music behind either their introduction and/or the recorded slave
narrative. Once they had completed the mini-podcast to their satisfaction, they exported the file
and uploaded it. In order to encourage students to engage each other’s work, I assigned
additional credit for listening and responding to the mini-podcast in a 150-word minimum post
on Blackboard. The assignment allowed me to keep African American Studies content at the
center of a lesson about using technological tools.

Journal of Teaching and Learning with Technology, Vol. 4, No. 1, June 2015. 62
jotlt.indiana.edu



Jones, C.

Phase 2: Creating and Sharing the Ethnographic Podcasts.

This workshop prepared students to complete a longer podcast on their own. The
semester-long assignment involved several steps before the completion of the five to seven
minute ethnographic podcast. Choosing an area of African American culture to explore, students
wrote a topic proposal, demonstrating their awareness of available research as well as naming
specific interview subjects. Then they recorded the interview(s) with their subject(s). Next, they
composed an annotated bibliography listing four to five sources. The fourth step was bring the
recorded interview(s) and laptop to class for a final 50-minute workshop day. This workshop day
was devoted to editing the final podcast with both the instructor and technology assistant
available to help with any technical issues. As the final stage in the process, I asked students to
share their podcasts with each other on Blackboard and the iTunesU course page. Students were
evaluated based on their participation in the workshops, the quality of their research, the
podcast’s content, meeting length guidelines, and attention to digital citizenship.

Future Implications

Despite claims about millennial students as digital natives, many of my students were
anxious about using this technology. They did not see podcasting as an accessible skill. A few
students were familiar with audio editing from their other classes or their own interest in music
production, but many were learning this skill for the first time and found themselves intimidated
by the abundance of options presented by the program. In keeping with Lee, McLoughlin, and
Chan’s findings, as they completed the mini-podcasts, students became more confident in their
use of the technology and were able to successfully complete longer format podcasts (Lee et al,
2008). While I have only anecdotal evidence to support this, the use of podcasting did seem to
generate excitement about the course and thus greater motivation to participate.

With such a large group of first-time podcasters, Winona Hatcher’s presence as an
additional instructor on hand for the workshops was invaluable. For instructors without a
technology pedagogy coordinator, perhaps requesting the presence of an IT technician would
help with the inevitable technical issues that present themselves.
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Framework

Teaching is not an activity that is done in isolation. It takes colleagues with diverse
talents and skills to create and build effective learning tools that improve student learning
outcomes. Content, pedagogy, and technical expertise are required when new learning
technologies are developed.

Learning in a practice discipline, such as advanced practice nursing, can be particularly
challenging. Students must assess, diagnose, and provide care for diverse populations. Their
ability to be proficient at these skills could make a difference in whether a patient lives or dies.
This is a high stakes profession and the education preparing practitioners is high stakes
education.

Teaching nurses to become nurse practitioners is difficult under any circumstances, but
when the student is part of a distance learning program the opportunity to role model
professional behaviors can be elusive. The American Association of Colleges of Nursing reports
that there are currently 65 distance learning nurse practitioner programs with 31 offering their
programs entirely online. Almost 22% of all post-masters Nurse Practitioner programs offer
distance education (AACN, 2014).

A differential diagnosis course that was previously taught in an on-campus setting needed
to be restructured for students at a distance. The class, which teaches the art and science of
differential diagnosis, is foundational in the nurse practitioner program. Learning the method of
differential diagnosis assists experienced registered (baccalaureate) nurses in upgrading their
critical thinking, information gathering, and decision-making skills to those of an advanced
practitioner.

On-campus students have the opportunity to conduct a patient interview with a
standardized patient (SP), an actor trained to portray a patient with a uniform set of symptoms
and history. Students gather a history, perform a physical assessment, review diagnostic data,
and reach a conclusion about what is going on with the patient. They determine a differential
diagnosis list with a rationale based on the information gathered. While the use of standardized
patients for practice of clinical examinations is common in medical schools, this experience is
provided less often to nurse practitioner students. It was highly valued by our on-campus
students, as reported in course evaluations.
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Our problem was determining how we could replicate this experience for our distance
learning students who would not be able to personally interact with standardized patients. How
could we communicate and role model the subtleties of a patient interview and physical
assessment? We wondered if creative use of instructional technology could solve these problems.

The formation of an interprofessional team was required to effectively address our
concerns. The team was composed of the course faculty, an instructional designer, and an
information technology expert. Using the TPACK Model (Figure 1), team members worked
together to create, develop, implement, and evaluate an interactive case study (ICS). The
TPACK Model describes the positive interactions that flow from a synergistic relationship
among the faculty, instructional design expert, and the instructional technology expert (Koehler
& Mishra, 2008). Utilizing this model gave the team a visual that demonstrated the value and
inter-dependency of each member.

The plan was to create an ICS accessible to distance learning students that mirrored the
experience of interacting with a SP. This ICS is unique because it is done in the first person to
role model the process and art of differential diagnosis while allowing the student to feel present
at the encounter.

Figure 1

TPACK model
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Making it Work

This project was successful because people with diverse skill sets worked together to
develop a new approach to nurse practitioner distance education. Each team member came from
a unique perspective that required a blending of expertise to develop a cohesive team. All of the
team members differed in their educational background and approach to getting work done, and
we spoke using a different lexicon.

To help the team coalesce, each member identified their area of expertise and what they
would bring to this project. Being aware of the professional differences assisted us to see the
value that each member contributed to the whole. There were difficulties along the way with ego
and personalities but continually restating the purpose and reaffirming the importance of each
member’s contributions facilitated the over-arching goal being achieved. We all learned the
language of each other’s discipline so we could efficiently problem solve.

Once the team was in place the faculty member outlined the specific learning outcomes
for this new experience. This required significant reflection for the faculty and a sharing of the
advanced practice nurses’ educational needs with the interprofessional team. Assisting the
students in learning the foundational skill of diagnosing became the unifying principle by which
every decision was made. Everything that was discussed by the team as a possible learning
strategy had this as the endpoint.

The Instructional designer understood distance education and how to achieve learning
outcomes using technology, a skill set in which the faculty member had less depth. The design
process for the ICS involved using a storyboard to clearly depict how the ICS would move
through a given case study. While the nursing faculty member was teaching the instructional
designer about nursing, the instructional designer was teaching the nursing faculty about
instructional design!

By employing the Backwards Design Model, we were able to move from learning
outcomes backwards to instructional strategies (Wiggins & McTighe, 1998). Additionally, by
walking through the activity backwards, we determined the best places to insert questions,
develop interactivity, assess knowledge, and fold in reflection. Once we completed this portion
of the design phase we moved into developing the storyboard. The storyboard provides a
physical layout of the plans for progression through the case (Smith & Ragan, 2005).

Figure 2:

Example of the Storyboard

History and Choose Tests & Student Learning
Chief Review of Interpret Results Outcomes

Complaint Systems
3 Pathophysiology

5. Rationale
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The information technologist (IT) brought the knowledge of how to transform the ideas
and strategies into reality. The IT partnered with the instructional designer to build the ICS.
Additionally, the IT provided input on the best hardware and software applications and
counseled us on how students would manage technological problems. He video-recorded our
interactions with the standardized patients and edited the video-recordings. IT controlled sound
and video quality, providing adequate lighting and re-filming when audio quality was marginal.

The completed ICS made it possible for distance learning students to engage in a virtual
encounter with a standardized patient. ICS components included acquiring the focused health
history, participating virtually in a physical assessment, reviewing lab data and diagnostic
testing. This data gathering culminates in the student developing a list of differential diagnoses
with a rationale. To involve multiple learning domains we asked the students to journal about
their preparedness, anxieties, ability to develop appropriate questions, and overall confidence
(Kolb, 1984).

Future Implications

After completing the rigorous design and development process we were eager to
determine if our distance learning students using the ICS were able to achieve learning outcomes
equivalent to those achieved by our on-site students interacting with standardized patients. We
conducted a mixed method study that supported the conclusion that the ICS provided distance
students with experiential learning with outcomes comparable to those achieved by on-site
students (Colella & Beery, 2014).

Working together from an abstract concept to reality was an exciting journey. Faculty
need to maximize opportunities to solve educational dilemmas using an interprofessional team.
Being aware of the needed steps minimizes confrontation, lack of focus and damage to collegial
connections. Education is enhanced by the collaboration of experts, those with the subject matter,
design, and technological expertise.

We believe that the Interactive Case Study format is flexible and could be useful to
instructors from disciplines outside of healthcare. For example, a history professor could develop
an ICS that would allow students to engage in a re-creation of an historical event or an English
faculty member could help students engage with a text in an exciting and highly interactive way.
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Pinterest as a Teaching Tool
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Framework

This redesigned student affairs course is taught at the end of the second year in a two-year
masters-level program. Students graduating from the program acquire various student affairs
professional positions throughout institutions of higher education including residence life,
academic advising, student activities and leadership, judicial, campus recreation, and admissions
staff positions. The course focuses on understanding and considering ways to take disruptive
innovation theory and put it into practice as student affairs professionals within higher education.
Innovation has historically disrupted the shaping of higher education, and in many ways innovation
is what those within higher education today are being asked to engage in through the accountability
pressures they are experiencing (Cohen & Kisker, 2010; Schmidtlein & Berdahl, 2011). For
example, pressure exists for institutions of higher education to meet the needs of increasingly
diverse students, while also maintaining affordable costs. Innovating processes and practices
within higher education is a way to respond to such pressures. Examples of disruptive innovation
from the past include the credit hour and the academic calendar structure (Christensen & Eyring,
2011). More recently, advancements in technology are perhaps the most easily identifiable way
the structure of higher education is being disrupted by an innovation (Straumsheim, 2013). The
assignment for the course discussed in this article derived from a desire for students to become
comfortable with incorporating the process of disruptive innovation into their practice so that they
are prepared professionally for change within higher education.

Making It Work

Drawing associations between seemingly distinct processes can lead to innovative ideas
that have the potential to disrupt the daily processes of higher education or any organization. The
ability to associate is one of five skills identified as belonging to those who are disruptive
innovators (Dyer, Gregersen, & Christensen, 2011). Association is connecting, “wildly different
ideas, objects, services, technologies, and disciplines to dish up new and unusual innovations”
(Dyer et al., 2011, p. 45). Thus, to help students strengthen their association skills so that they can
bring innovation to higher education Pinterest was selected as a means for a biweekly assignment.

Pinterest “is a visual discovery tool that you can use to find ideas for all your projects and
interests” (Pinterest, 2014). According to Popolo (2013), some of the most intriguing ways to use
Pinterest include asking for donations, listing house rentals, raising awareness about various
causes, and advertising casting calls, although the application is more commonly used for recipe
sharing, photography, and crafting. Pinterest can be used privately or publically at an individual
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or community level, and is available at no cost to users globally. Essentially, Pinterest involves the
process of creating virtual bulletin boards, known as “grub boards” to which users can pin
resources and items of interest as “visual bookmarks” (Pinterest, 2014). Boards can be thematized,
and multiple or singular users can contribute to their creation. Any item found on the Internet,
including those pinned to others’ grub boards, or electronically created by the user, can be pinned
and shared on one or more electronic grub boards. Users are also able to provide a 500-character
description under each pin.

An account and online access is required to use Pinterest. Pinterest can be used to engage
various populations around the globe (e.g., student affairs professionals) by following public
boards and individual users. Users can also indicate interest in, or that they “like”, a pin by
selecting a heart icon at the top of each pin, as well as comment underneath others’ pins. One
example of an educator using Pinterest is Don Phelps (2014) who used Pinterest to create a board
of “Books Worth Reading”. Another example is Karen Burns (2014) who created an “Ideas for
HS Teachers” board to share technology applications designed to assist educators. Considering
social media applications in general, Davis (2014) discusses the promising results of using
applications, such as Pinterest, as learning tools by noting how they assist in teaching students how
to communicate professionally online.

Process

Students were asked to create a Pinterest account, and establish a personal public board
titled: “(Name) Innovating Student Affairs”. As the instructor, I followed each of their boards, and
invited them to contribute to the class’s community board titled, “Innovating Student Affairs”.
Biweekly, the students were to make five pins to their personal board, and then to make one unique
pin on the class’s community board. Specifically, they were asked to make the following kinds of
pins throughout the semester: quotes, news articles, videos, books, photos, blogs, and songs. For
each pin, students were instructed to consider the week’s reading and class discussion topic, and
pin items they saw as connected. The students were also required to describe the connections they
saw in the description box underneath each pin, and to comment on the pins of their classmates. |
reviewed all of their pins prior to class, and incorporated them into the class lesson plans.

Results

Students created their own boards, and contributed to the class board, which now serves as
resources for the students as they transition into their new professional roles post graduation. The
board is also a resource to users who followed the board from around the globe. Throughout the
course of the semester, the class community board acquired over 115 followers, and many students
indicated that they received new followers to their personal boards, as well as to their profile,
because of their participation in the community board. Networking is a part of the job search
process, and the students enrolled in the course were searching for their first post-graduation
position. Thus, an unexpected benefit of using Pinterest was that it helped market students to those
who followed the community and individual boards.

Students were evaluated on making their pins by the assignment deadline, adhering to the
pin categories (e.g., quotes, videos, etc.), and the potential for their pins to contribute to the field
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of student affairs, which they were asked to describe in each pin’s description box. Using Pinterest
to explore disruptive innovation provided students:

- Opportunities to take quotes, videos, news articles, etc. of interest to them outside of
higher education and seek associations between them and their work within higher
education;

- The chance to explain to followers how making an innovative association can benefit
their practice; and

- The chance to learn how to use a web-based technology application to engage with
others on a global-level and as a resource to inform student affairs practice.

Future Implications

Going forward, using all the features within the Pinterest application has potential to
broaden the use of Pinterest across educational levels and content areas. Pinterest provides a way
for students to engage with others inside and outside of the classroom, while also creating an
established resource connected to the course topic. Related to the use of Pinterest discussed
previously, and based on the experiences students shared, I am currently incorporating several
changes. Many students were unfamiliar with the application at the beginning of the semester, and
although I encouraged them to experiment on the site in order to be comfortable with it, they were
apprehensive. Thus, it took some time before providing descriptions, liking pins, and commenting
on their peers’ contributions became habitual. Also, I will ask students to advertise their boards to
others in the field, in an effort to enhance their networking skills, as well as increase the number
of connections to other Pinterest users who might find the boards useful. Finally, I will add to the
assignment the task of finding a way to use the Pinterest application as a tool to innovate their
practice, outside of the two boards required for class, so that trying out their ideas would add depth
to the innovative skills they are developing.
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Popplet for Higher Education: Supporting Organization and
Collaboration

Laura Corbin Frazier?!
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Learning

Introduction

This article shares an innovative, technology-based approach to teaching using an old
tool, the graphic organizer, in a web-based platform. Popplet is a Web 2.0 tool that allows users
to quickly and simply create visually appealing graphic organizers that integrate text, image,
video, and Internet resources to organize and present information. Popplet also supports
collaboration as multiple users may develop a graphic organizer together and comment on each
other’s work. Strategies for using Popplet in higher education as a means of supporting Universal
Design for Learning principles are provided.

Framework

In Foundations of Instructional Technology, a course in a Master of Education program
with concentration in technology facilitation, an instructor integrated components of the
Universal Design for Learning (UDL) framework and enhanced organizational support through
the use of a web-based graphic organizer. The UDL framework calls for teachers to consider
multiple means for representation of content, multiple means for students to demonstrate
knowledge and multiple means for engagement and motivation in learning (CAST, 2013).
Application of UDL framework principles in classrooms can enhance learning for a diverse
range of learners; much as universal design in architecture (i.e., automatic opening doors,
dropped curbs) has enhanced accessibility for a wide range of users (Rose & Meyer, 2002). UDL
is regularly advocated in K-12 schools and has been encouraged in research literature for higher
education.

Gradel and Edson (2009) endorsed the need for UDL in higher education citing the
increased diversity of student learning needs in classrooms today as rationale for the need to
provide multiple means to engage learners, represent content, and demonstrate knowledge.
Further, they identified Web 2.0 tools as a prominent resource for educators as they seek to
integrate UDL principles into their assignments and activities. In their work, Gradel and Edson
(2009) provided an example of content mapping using a web-based graphic organizer and
traditional note-taking as means for supporting the learning needs of students. Other research
also supports the value of graphic organizers to facilitate student acquisition and organization of
knowledge (Phillips & Nagy, 2014), enhance critical thinking skills (Atay & Karabacak, 2012),
and foster improved planning and monitoring during inquiry activities (Hagemans, van der Meij,
& de Jong, 2013).

! Assistant Professor, Department of Education, School of Education and Human Services, Mount St. Mary’s
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Making it Work

Previously, whiteboard and document camera/LCD projector were utilized to display
graphic organizers created during class discussions. For example, a first day of class activity
involved students in the development of a graphic organizer to represent the many and varied
influences on teacher technology decision-making. In subsequent class sessions the graphic
organizer was revisited and new influences on teacher technology decision-making were added
based upon course content learning. This approach became problematic as the whiteboard
needed to be erased at the end of each session and a paper document for use with the document
camera became too cluttered with information. An interactive whiteboard may have remedied the
situation, but one was not available in this classroom. The Web 2.0 tool, Popplet, offered features
that would meet both course learning objectives and the physical constraints of the learning
environment.

Popplet is freely available in a limited form at www.popplet.com or through the iTunes
store as an iPad application. Reasonable subscription rates are available for the full feature
version of the application which will allow for not only the development of graphic organizers,
but also for the collaborative development of graphic organizers by multiple users. Both were
employed in the foundations course.

Popplet is intuitive to use. Upon opening the application the user is prompted to make a
Popplet through a clearly labeled button. A new workspace opens where Popples (what textboxes
are called in Popplet) can be created to begin visually organizing and arranging information.
Double clicking in the workspace creates a new Popple. Each Popple has design and formatting
tools visible immediately upon creation. With these tools Popple color and size can be changed,
drawing may be completed, and files (i.e., video, audio) may be uploaded. A comment box is
also included with each Popple so that collaborators can comment on one another’s work.
Popples may be connected simply by dragging a line from one Popple to another.

Initially, Popplet was used by the instructor to support the development of the
aforementioned graphic organizer on influences to teacher technology decision-making. The tool
was utilized by connecting an iPad (using HDMI cable adapter) to an LCD projector so that
students could see the organizer displayed at the front of the classroom. Students were also able
to add to the organizer by approaching the iPad at the front of the classroom. The graphic
organizer was saved and used again in subsequent class sessions as a tool for organizing course
content learning and as a platform for collaboration (Figure 1). Students were pleased with the
ease and clarity of use for Popplet. During discussions, they expressed how helpful it was to have
one place where course learning was summarized graphically, providing both visual and text-
based organization. In this way the UDL principle for providing multiple means of representation
of content was supporting the varied learning needs and styles of students. The initial success of
this approach led to a subsequent use where students contributed individually using their own
computing devices outside of the regular course meeting time.
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Figure 1. Influences on teacher technology decision-making. This figure illustrates how Popplet was used in a whole class face-
to-face setting.

Multiple modules of study are presented in the foundations course. With each, Popplet
was regularly utilized for organization and collaboration in both the whole class setting and in
individual settings remote from the classroom. To begin the course, a common definition of
technology was needed. After much discussion, consensus was reached on a definition. The
definition needed to be placed in the context of classroom learning in order for students to fully
understand the field of instructional technology, its origins and present status.

Popplet was utilized to help organize information through a technology timeline (Figure
2). Each of the eight students in the course were assigned a time period to research. They were to
obtain a definition of technology/classroom technology from their assigned time period and to
provide a few examples of classroom technology from the era. Using collaborative features in
Popplet the instructor was able to add collaborators via email invitation. Then, each student had
editing access to the class Popplet and was able to add their research in a new Popple below their
assigned time period. Subsequent class discussion followed.
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Later in the course, learning theory, instructional paradigms, and conceptual frameworks
were introduced. Again students shared their knowledge by placing this information on the
timeline below the appropriate time period from its origin or prevalence in use. In the subsequent
class session this supported dialogue by looking at the types of technologies that were in use in
classrooms when certain instructional approaches were prevalent. For example, through Popplet
observations, students noted the use of drill and practice software aligned with Behaviorism.
Next, students learned of prominent figures in the field (e.g., Papert) and seminal research (e.g.,
Apple Classrooms for Tomorrow) and again placed these on the graphic organizer timeline. This
process continued throughout the duration of the course. In this way multiple means for
representing information were provided by the instructor, students were able to express their
knowledge in this digital platform (as well as through other traditional classroom assignments
and activities), and students were motivated to learn by their use of Popplet as a means for
collaboration and as a means for visual representation of content.
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Figure 2. Technology timeline. This figure illustrates how Popplet was used by students to create a timeline.

Utilizing Popplet as a means to incorporate UDL principles into higher education
coursework was effective in organizing course content and also supported technology-assisted
management of learning. As a note, the instructor subsequently utilized Popplet with a faculty

colleague while discussing/organizing research data too.
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Future Implications

The relevance of this technology-enabled approach to teaching in higher education lies in
its simplicity. Instructors are familiar with graphic organizers, the pedagogical approach
described is not dependent on any specialized training or professional development, and no
software needs to be installed to begin use of Popplet. As a Web 2.0 tool facilitating research-
based best practices, Popplet, supports the integration of technology into instruction to enhance
organization of content, to engage learners through collaboration, and to provide an innovative
analysis and feedback method for students.

This is an innovative approach for use in higher education as traditional graphic
organizers are fixed, static documents. With Popplet, students and instructor can easily discuss
and move ideas within their popples. They can add media-based examples to further clarify
meaning and they can do all of these things in both face-to-face and online settings. A feature
that is especially helpful in the online setting is the ability for students/instructor to post
comments and questions directly to a popple. In this way collaboration is enhanced and dialogue
is further organized given the direct connection to a specific popple/content topic.

The features of Popplet support instructor/peer feedback and collaboration. This benefits
learners as they are provided multiple perspectives on content and challenged to make meaning
in new ways. Similarly, through the graphical interface some learners may be challenged to
present their learning in new ways; while other learners may benefit from the opportunity to have
content presented using multiple means for representation.

Given the initial successes with Popplet, instructor continued use is likely in the future.
However, it should be noted that small class size may have played a role in the successful
implementations described. Given a larger class size (i.e., greater than 10), the Popplet tasks may
have become too cluttered or overlap of student generated content may have become repetitive.
In such cases, students may need to be divided into groups of no larger than eight. Popplet is not
content dependent and could be successfully used to support varied learning needs, foster critical
thinking, and enhance organization and management of course content. An instructional
modification may include the use of AirServer (available at www.airserver.com) as a means of
untethering the iPad (or any mobile device) from cables connecting to a projector. This would
allow for convenient passing of the device from student to student, while still projecting the
Popplet at the front of the classroom for ease in visibility by all.
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Book Review

The New Digital Shoreline: How Web 2.0 and Millennials are
Revolutionizing Higher Education

Wendy Kraglund-Gauthier?

Citation: Roger McHaney. (2011). The New Digital Shoreline: How Web 2.0 and
Millennials are Revolutionizing Higher Education. Sterling, VA: Stylus.

Publisher’s Description: Two seismic forces beyond our control — the advent of
Web 2.0 and the inexorable influx of tech-savvy Millennials on campus — are
shaping what Roger McHaney calls “The New Digital Shoreline” of higher
education. Failure to chart its contours, and adapt, poses a major threat to higher
education as we know it.

These forces demand that we as educators reconsider the learning theories,
pedagogies, and practices on which we have depended, and modify our interactions
with students and peers—all without sacrificing good teaching, or lowering
standards, to improve student outcomes.

Achieving these goals requires understanding how the indigenous
population of this new shoreline is different. These students aren’t necessarily
smarter or technologically superior, but they do have different expectations. Their
approaches to learning are shaped by social networking and other forms of
convenient, computer-enabled and mobile communication devices; by instant
access to an over-abundance of information; by technologies that have conferred
the ability to personalize and customize their world to a degree never seen before;
and by time-shifting and time-slicing.

As well as understanding students’ assumptions and expectations, we have
no option but to familiarize ourselves with the characteristics and applications of
Web 2.0—essentially a new mind set about how to use Internet technologies around
the concepts of social computing, social media, content sharing, filtering, and user
experience.

Roger McHaney not only deftly analyzes how Web 2.0 is shaping the

attitudes and motivations of today’s students, but guides us through the topography
of existing and emerging digital media, environments, applications, platforms and
devices — not least the impact of e-readers and tablets on the future of the textbook
— and the potential they have for disrupting teacher-student relationships; and, if
appropriately used, for engaging students in their learning.
This book argues for nothing less than a reinvention of higher education to meet
these new realities. Just adding technology to our teaching practices will not
suffice. McHaney calls for a complete rethinking of our practice of teaching to meet
the needs of this emerging world and envisioning ourselves as connected, co-
learners with our students.
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In The New Digital Shoreline: How Web 2.0 and Millennials are Revolutionizing Higher
Education, author Roger McHaney presents an accessible and user-friendly account of how to
approach technology and digital learning in the 21st century. In an easy-to-read tone, McHaney
outlines how an explosion of affordable technological devices and applications has the power to
disrupt the way higher education delivers learning and how students access that learning.

Taking up the collective perception of today’s students as digital natives, McHaney
sketches out broad descriptions of millennials as a generation of socially networked, computer-
enabled individuals. Although McHaney’s characterization of millennials as impatient and self-
absorbed is negative and stereotypical, it does serve to underscore the idea that the majority of the
students in today’s higher education classes are accustomed to immediate answers, thrive in social
settings, and expect to have input into the design of their physical and virtual learning
environments. Their expectations for personalized learning experiences often stand in stark
contrast with what actually happens in many higher education classrooms, often because of, as
McHaney admits, the inadequate training with technological tools and their instructors’ skills and
knowledge in pedagogical practices that integrate those tools.

Despite significant challenges in coordinating users’ experience with Web 2.0 features
because of rapid evolutions of technology and how quickly applications move in and out of vogue,
McHaney’s detailed chapters on interactive devices, tools for content development and delivery,
gaming as learning strategies, mobile devices, social media, and virtual learning environments
serve as useful foundations on which to build a technology repertoire. Before reading these
chapters, however, some readers will benefit from sailing over to Chapter 7: Convergence in the
New Shore and reading descriptions of several adult learning theories first. This should help to
anchor the reader’s consideration of pedagogy in terms of philosophical beliefs about teaching and
learning before getting swept away in the oceans of technological possibilities that McHaney has
shared.

By harnessing the power of the typical millennial student’s connection to data-rich
networks of peers and information, instructional strategies and learning activities—both in and
outside the classroom and regardless of geography—become relevant, engaging, and responsive.
The advice for instructors to “update their knowledge and be able to communicate within the world
their tech savvy students inhabit” (p. 194) is a key take-away. Something McHaney does not
reiterate enough is security of sensitive information and the importance of holding learning
outcomes at the forefront of pedagogical planning rather than the implementation of the
technological tool. As well, a frank and realistic discussion of Web 2.0 technologies in terms of
privacy, equitable access to technology, Internet access, and appropriate use is warranted. Another
important detail that McHanley glosses over is the disparity between instructors’ pedagogical skill
sets in terms of teaching and assessment. When new technologies are introduced into teaching and
learning practices, productivity decreases as users climb the learning curve.

Higher education still has some barriers to overcome before providing an authentic,
seamless learning experience that incorporates Web 2.0 technologies. Web 2.0 technology and
applications cannot be successful in isolation. In order to function and thrive in the 21st century,
all levels of higher education will need to accept and leverage Web 2.0 technologies to transform
the way they engage with potential and current students and how they innovate in product (i.e.,
education) and service delivery. An engaging instructor and effective curriculum design with
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inspiring content are vital criteria for a successful learning program in higher education. Despite
its limitations, this text is a valuable navigational tool.
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Figure 1. Color wheel with wavelengths indicated in millimicrons. Opposite colors are
complementary.
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