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Abstract
My proposed engineering education innovation is to develop a novel approach to mobile
learning that addresses one of the grand challenges identified by the National Academy of
Engineering: to advance personalized learning. Traditional course delivery, both in-class and
online, centers around viewing static reading materials associated with a particular lesson
and viewing an associated lecture. Students take a one size fits all approach to the course
forcibly moving on from one topic to the next, usually in a synchronous manner with other
students. In contrast, the proposed digital textbook is built upon You Can Learn’s patent
pending Building Block™ technology, which delivers personalized content via mobile
applications that adjust the content delivery to a student’s preferred learning style. Moreover,
lessons are delivered via adaptive assessment with each topic adjusted based upon whether
the student requires brief, standard, or detailed versions of the subject presented. This
technology will be used to create an undergraduate mobile application focused on probability
and statistics coursework. This core course is required for all engineering students at the
University of South Florida and will serve as a test of the application’s broad viability. The
presentation of the course material will adhere to a constructivist approach to teaching and
learning that engages students and facilitates their self-development of knowledge before
formal introduction of course concepts. A conscious effort has also been made to ensure
that the course is developed in accordance with best evidenced-based pedagogical
practices.

Educational Objectives
¤ Contribute to the NAE grand engineering challenge to advance personalized education
by developing an educational resource that adapts to the user.
¤ Advance the wellbeing and continued competitiveness of the nation by promoting a
vibrant engineering profession and enhancing the quality of education for the nation.
¤ Support “flipping” the classroom to better leverage limited instructional resources without
degradation of educational outcomes.
¤ Democratize education by broadening the availability of high quality educational
resources.
¤ Broaden access of underserved and marginalized populations to high quality educational
opportunities including children and adults who are in transient homes, hospitals, or
otherwise underserved by traditional classroom education.

Learning Activities and Materials
¤ Twelve constructivist learning activities have been developed and are being modified to
function in a digital textbook environment.
¤ Engaging interactive activities that reinforce course materials as students engage with
the learning application have been created and are being modified to function in a new
technological environment.
¤ Relevant historical narratives related to the course material have been identified and the
text is being written for inclusion in the textbook application to provide a rich context that
supplements the more quantitative course material.
¤ Course materials are being adapted to the Wolfram computable document format (CDF)
to more easily provide user interactivity and portability.
¤ Course content is being adapted to the You Can Learn’s patent pending Building Block
technology that is being leveraged to provide a learning environment that adapts to the
unique needs of the student.

Course Delivery
The envisioned digital textbook will be a completely self contained
course suitable for instructional delivery via mobile devices and via the
Internet. Each course will be interactive and empower students to
engage with the material to drive content and generate results live. The
Internet connectivity of the textbook enables live updates to course
material and novel uses of the worldwide availability of live data. Future
versions of the concept will also enable social interaction with other
students taking the same course both synchronously and
asynchronously .

The Engineering Textbook
Reinvisioned

Probability and Statistics Reinvisioned
A Proposed Execution of the Textbook and Course Delivery Concept

Integration of Best Research-Based Practices
The textbook concept and course delivery will be executed in
accordance with research-based findings that indicate that it is
important to:
① Understand the impact of students’ prior knowledge and
proactively intervene where necessary.
② Help students correctly organize the body of knowledge to
facilitate proper application of what they know.
③ Motivate students to engage in the learning process by
establishing inherent value and positive expectancies.
④ Facilitate the growth from novice to mastery.
⑤ Provide appropriate and timely goal-directed practice and
feedback to enhance learning.
⑥ Develop an social, emotional, and intellectual course climate
that promotes student engagement in the learning process.
⑦ Aid the development of self-directed learners by encouraging
students to become more self-aware and to adjust their
approaches to learning.

Integrated Constructivist Approach to Teaching and Learning
The envisioned textbook will employ a constructivist approach to teaching and learning.
Constructivist approaches, in contrast to traditional pedagogical approaches, engage
students deeply, link what students learn to meaningful contexts, guide learners toward
constructing meaning and increase “far transfer”. Constructivist strategies that have proven
to enhance learners’ engagement, increase learning outcomes and boost retention include
contextual learning, problem/inquiry based learning, project based learning, discovery
learning and others (Cross, 2000; Hacker and Niederhauser, 2000; National Research
Council (U.S.) Committee on Developments in the Science of Learning, 1999). Curricular
examples of such approaches include Realistic Mathematics Education (Freudenthal,
1991; Gravemeijer, 1994; Kwon, et al., 2005; Van Den Heuvel-Panhuizen, 2000) and the
NSF supported Active Physics (AP) project.

Integration of Best Research-Based Practices
① Pre-course assessments are utilized to identify gaps in knowledge and to tailor
presentation of course material to the student at the correct level of detail.
② Information is organized as outlined in the building block model so students can visualize
the interconnectivity of the material.
⑤ Students are evaluated before, after, and during each course to ensure mastery.
⑦ It is desirable to employ the Learning Connections Inventory® assessment to facilitate
students’ self-awareness and to empower them to become more self-directed learners.

Integrated Constructivist Approach to Teaching and Learning
Several constructivist activities in support of a probability and statistics course for
undergraduate engineers have been developed as a result of research funded by a National
Science Foundation Grant (EEC-0648190). The research results demonstrate that the
constructivist activities increased students’ motivation to engage in the learning process and
master the course material.

Rich Historical Context
The proposed textbook will engage the student with the rich historical context of many of the
probability and statistics topics covered in the course, including Florence Nightingale’s work
during the Crimean War and the work of the theologian Thomas Bayes. For example, the
introductory laws of probability that are foundational to the course were first developed as a
result of a historical exchange of letters between the Frenchmen Blaise Pascal, Pierre de
Fermat, and the Chevalier de Méré. The story begins with the famous problem of the points:
Two players, A and B, are playing a fair game of balla. They agree to continue until one has
won six rounds. The game actually stops when player A has won five and player B four.
How should the stakes be divided? Before the concept of probability is formally presented in
the course, student are introduced to these men, their letters, and then the students play this
historical game (but not to completion). The students then brainstorm a fair way to divide the
stakes and the various approaches are discussed in class before the “right” answer is
formally presented.

Rich Historical Context
Many of the concepts that are introduced in STEM education have a rich historical context.
Oftentimes, however, this historical context is overlooked. While the typical student has a
very limited attention span when focused thinking is required, the same limitations do not
appear to apply to such narratives when executed correctly. Furthermore, these historical
narratives can be complementary to a constructivist approach to teaching in that the
historical problem or narrative can be replicated to facilitate “re-discovery” of foundational
concepts by students via contextual learning, problem/inquiry based learning, or discovery
learning.

Continuous Assessment to Promote Personalized Learning
The course content for a typical probability and statistics course for engineers has been
modularized (as shown in Figure 1) for integration into You Can Learn’s Building Block™
technology. Such modularization permits adaptive assessment of students’ knowledge and
directed presentation of course material.
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Continuous Assessment to Promote Personalized Learning
In partnership with technology start-up firm You Can Learn, I will develop a novel approach
to mobile learning. You Can Learn’s patent pending Building Block™ technology delivers
content via mobile applications that adjust the content delivery to the student’s preferred
learning style. Lessons are delivered via adaptive assessment with each topic adjusted
based upon whether the student requires brief, standard, or detailed versions of the
subject presented. Leveraging the Wolfram computable document format, the developed
textbook mobile applications will be available on a wide variety of mobile devices.
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Figure 1: Modularization of Probability and Statistics Course Material
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