Nexus Learning Grant Proposal:
Promoting Physical Intuition through Experiment‐Based Learning

1. Abstract
This proposal seeks funding to overhaul the introductory physics course at Philadelphia
University. The primary focus of this redesign will be to teach students physics, rather than
math, by piquing their curiosity and guiding their intuition through experiment‐based learning.
The modern pedagogies adopted in this project will give ownership to the students, which has
been clearly shown to increase student engagement in, aptitude for, and attitude toward
physics [1, 2,3]. These approaches appeal to the Hallmarks goal of scientific understanding
through curiosity and rigorous inquiry and also align with the basic principles of the Nexus
Learning initiative. Two different but complementary approaches will be taken, with each
approach using research‐proven methods. Semester by semester, the developers will work
together to assess which aspects of the two approaches work best, eventually convolving these
successful approaches into one course which is best for Philadelphia University. We have a well
defined rubric for quantifying student learning gains and the successes will be shared with
scientists at the local and national levels.

2. Explanation of how the Project Advances NEXUS Learning
The first approach revolves around teaching physics through intuition‐guided experiments
conducted in‐situ, thus removing the separation of theory and experiment. This will double as a
lesson in the scientific method which will gain students' trust in the scientific process while
(re)constructing proper physical intuition. The second approach uses a project‐based delivery
which enhances student learning by sparking their curiosity and supporting them to work
autonomously. This gives students the freedom to explore the laws of physics through a
system, product, or question which interests them. Both methods have been shown to enhance
learning [1,2,3] by encouraging students to actively and collaboratively engage in the scientific
process rather than learn a series of scientific facts. By accessing students' natural curiosity, this
course will improve attitudes toward the subject and enhance comprehension of the material.
Intrinsic to our class design is the university's mantra of ``learning through doing.'' Students will
learn to estimate possible solutions, ask appropriate questions, properly use the internet to
research issues, apply their physics knowledge to a project, and seek professional advice when
needed. This is a 21st‐century education that lies at the heart of Nexus learning by encouraging
future collaboration among students and scientists. Furthermore, the delivery of the proposed
class resonates with the tenets of Nexus learning:



Low‐level learning (remembering, understanding, and applying) takes place individually,
outside of the classroom. Higher‐level learning (analyzing, evaluating, and creating),
which requires collaborative discussion, takes place in the classroom.
The combination of internet research, discussions, instructor‐run demonstrations,
student‐run experiments, marker board problems, and applications of physics to the



real world will create a dynamic classroom in a dynamic space (Nexus Learning Hubs),
which will resonate with all learning styles.
In the Nexus Learning Hubs, instructors and students can perform tests and quickly
share the results. This is key to a real‐world physics education, as we can perform
experiments and discuss their results at face‐value, without waiting for a concocted
scenario. The speed at which results can be shared and analyzed allows us to learn how
the world really is, not how it ought to be. This establishes trust in ``what physicists do''
and fosters meaningful communication among scientists and non‐scientists outside of
the classroom.

3. Specific Project Goals and Learning Outcomes
Project Goals:




We will improve our students' disposition towards physics and science in general.
We will improve our students' scientific reasoning skills and understanding of basic
mechanical phenomena.
We will advance the Nexus initiative in the following ways.
o We will teach the components of algebra‐based physics that are relevant to
other branches of science and medicine.
o We will flip the classroom and encourage conversation and dissection of
problems and real‐world issues in the class.
o We will teach the laws of physics by following the scientific method, in order to
remove the assumed element of blind faith in the lecturer.
o We will establish the students' trust in the scientific community by analyzing
experiments rather than idealizations.

Learning Outcomes:



We intend to learn the balance of experiment, discussion, problem solving, and project
work that is most effective for teaching physics to PhilaU's mix of design and life‐science
students.
We feel that a deep discussion of a few potent, profitable topics is more valuable than
the shallow discussion of the slew of topics currently being taught. To this end, we
intend to find the subset of topics we should use to most efficiently and productively
teach basic physical reasoning.

4. Description of Activities and Time Frame




Summer 2016: Develop studio‐style experiments and student project solicitations which
can be implemented in the Nexus Learning Hubs.
Fall 2016: First‐run of PHYS‐101 with the new class format. Each day's activities will be
documented in a studio log. Assessments will be administered (see section 5).
Winter 2016‐2017: Review studio logs to improve time management, experiments, and
project solicitations. Assessment results will be analyzed. Discuss successes and
struggles and begin converging toward one course format.






Spring 2017: Second‐run of new PHYS‐101. This time, with the mentioned
improvements. Assessments will be re‐administered.
Summer 2017: Review studio logs to further improve time management and in‐class
activities. Continue to compare assessments and evolve toward one course which
capitalizes on the successes of the two formats. Ed Santilli will discuss preliminary
results at the American Association of Physics Teachers (AAPT) meeting in Cincinnati, OH
on July 22nd – 26th.
Work will continue beyond the grant's time frame. Kasey Wagoner will present more
complete results at the AAPT meeting in Washington, DC on July 28th ‐ August 1st, 2018.

5. Project Assessment
There is great confidence that this project will have a positive impact on student learning. Our
efficacy will be assessed with a series of nationally‐recognized surveys. Work on this project has
already commenced with the deployment of first‐round of assessments.
 Students will be given the ``Colorado Learning Attitudes about Science Survey'' (CLASS)
[4] to measure their disposition toward the subject. The attitudes of students taking the
traditional course will be compared to the attitudes of students who take the new
course, to see how those attitudes have evolved after the deployment of the modern
pedagogies.
 Students will also take the ``Force Concept Inventory'' (FCI) [5] at the semester's
beginning and end to assess their conceptual learning gains. The gains among different
sections will be compared. Since the FCI had been administered to PhilaU students for
several years, we will also be able to compare the new course with the traditional
course.
 Since we cannot quantify our course's alignment with the principles of Nexus learning,
we plan to be in contact with and observed by established Nexus advocates including
Anne Bower and Jeff Ashley. Their advice will be used to modify the lesson delivery to
be more in‐line with the pedagogies supported by the Nexus learning initiative.

6. Documentation and Dissemination
We will document this project in a series of studio logs. Additionally, a student worker will
video record our instructor‐led demonstrations and mini‐lectures. These recordings will be used
to create Zaption videos which we can provide to students as supplementary material or as
``back‐up material'' assigned during university closings.
We will present our methods and results at the 2017 and 2018 AAPT meetings (see section 4)
and, through the Center for Teaching Excellence and Nexus Learning, we will lead a series of
workshops showcasing our experiences to guide other science faculty wishing to adopt any of
our methods. We will also publish one or more methods manuscripts in The Physics Teacher [6].
Finally, at the conclusion of the study, we will publish our findings in Physical Review, Physics
Education Research [7].

7. Project Personnel
The project's PIs are Edward Santilli and Kasey Wagoner. Edward Santilli taught physics and
mathematics at the high school and college levels for over twelve years, which includes several
years in a studio setting. Kasey Wagoner taught physics labs for four years and active learning
classes for three years. He completely revamped Washington University's introductory physics
labs and has two papers under review for this work [8,9]. Additionally, he won multiple
university‐wide teaching awards and recently received the extremely competitive ``Vernier
Technology Award'' from the National Science Teachers Association for his work in curriculum
development. The PIs will hire two student workers who will test experiments and who will
record in‐class demos for documentation and dissemination purposes.

8. Budget Narrative and Worksheet
We have already implemented some of the ideas for the new class format, but more equipment
is needed if the students are to conduct experiments themselves. We will therefore allocate
most of the funds ($4226.72) to classroom equipment. This includes semi‐frictionless tracks and
carts, basic hardware and tools, voltage and current probes, etc. The student workers will be
paid with the remaining funds ($1773.28).
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