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Active and Self-Directed Learning
• Online homework encourages persistence
through real time feedback

Major Issues to Resolve
• How do you scale up a pedagogy
development?

Activity #1 Personal Online Homework

Activity #2 YouTube Fridays

• Significantly improved achievement when
using online homework in Material and Energy
Balances course

• Personalized online homework uses a
“standard” word problem statement with rolling
numbers (same concepts, different calculated
answer per person)

• Students using YouTube:

• YouTube Fridays engages students who are
“digital natives”

• Requires labeling of process flow diagrams
with numbers and unknowns

• Translate real world phenomena to
thermodynamics

• Student selected videos are used to create
new course content

• Includes multipart questions and hints to help
answers students favorite question (How do I
start this problem?)

• Demonstrate knowledge of prerequisite courses
in Fluid Mechanics, Heat Transfer and
Separations

• Hundreds of videos are available at:

• Create material and energy balance problems

• the 1st chemical engineering course
• a gateway to the rest of the curriculum (i.e., need
to improve attrition rate)
• covers mass/mole/atom balances, reacting
systems, vapor-liquid equilibrium, energy balances
and transient systems

Video Title: Skeptical Inquirer: The Ritual of Firewalking
Video Link: http://videos.howstuffworks.com/science-channel/14375-skeptical-inquirer-theritual-of-firewalking-video.htm

Transport Type: Heat

Problem Statement:

Course Objective address:
Solve a steady state conduction problem while applying composite media.

Dr. Liberatore decided his dream was to become a professional firewalker. Before taking to the
flames, he wanted to know the amount of heat that would be transferred from the coals to his
feet. The temperature of the coals was recorded at 649°C, while the temperature of his feet was
37°C.

• Page 2 Link + Problem Statement
Video Title: Skeptical Inquirer: The Ritual of Firewalking
Video Link: http://videos.howstuffworks.com/science-channel/14375-skeptical-inquirer-theritual-of-firewalking-video.htm
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Dr. Liberatore decided his dream was to become a professional firewalker. Before taking to the
flames, he wanted to know the amount of heat that would be transferred from the coals to his
feet. The temperature of the coals was recorded at 649°C, while the temperature of his feet was
37°C.
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µ l = 3.101E-5 kg/ms
ρl = 0.5664 kg/m3
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a) Without the insulating layer

Start with the general heat diffusion equation.

= 0.37  

𝑊
𝑚𝐾

1 𝛿𝑇
𝑔
=∇ 𝑇+
𝛼 𝛿𝑡
𝑘

2

0=

𝑄̇ =

𝛿 𝑇
𝛿𝑧

649°𝐶 − 37°𝐶
0.0015𝑚

𝑇

Final Temperature Profile Equation

ρl = 0.5664 kg/m3
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The Resistance approach could also be used
𝑇 =   

⎝

For  part  a)  the  only  resistance  is  due  to  the  conduction  through  Dr.  Liberatore’s  skin.
𝑄̇ =
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b) With insulating water layer

𝑇(𝑧 = 0) = 𝑇
𝑇(𝑧 = 𝐿) = 𝑇

µ l = 3.101E-5 kg/ms
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Helpful Information:
Solution:

g = 9.8 m/s

Online
homework
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Area of foot = 12 in X 4 in

b) Now Dr. Liberatore decides to add an insulating water layer to help protect his feet from the
hot coals. Walking over the dew on the grass before reaching the bed of coals added 1 mm of
water to the bottom of his foot. Find the resulting rate of heat transferred to his foot after walking
across the dew covered grass [W].
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Hand written
homework
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a) Find the rate of heat transferred from the coals [W] to  Dr.  Liberatore’s  foot for a skin
thickness of 1.5 mm.

Area
of state,
foot one
= 12
in X 4 in
Assume
steady
dimensional
heat transfer in the z-direction with no generation.

Class
time

a) Find the rate of heat transferred from the coals [W] to  Dr.  Liberatore’s  foot for a skin
thickness of 1.5 mm.

b) Now Dr. Liberatore decides to add an insulating water layer to help protect his feet from the
hot coals. Walking over the dew on the grass before reaching the bed of coals added 1 mm of
water to the bottom of his foot. Find the resulting rate of heat transferred to his foot after walking
across the dew covered grass [W].
Helpful Information:

Problem Statement:

• YouTube Fridays is an exercise that allows the
students to pick a video and write an
“engineering estimate” or homework problem
and solution (used in numerous different
courses)

• Students of the “net generation” grew up with
computers, iPods, hand held electronics so
professor-centric pedagogy does not provide
enough control and customization
• Showing videos introduced the students to my
research (rheology) for a 8am class on Fridays,
the students wanted weekly videos, and I
agreed if the students choose the videos and
related them to the course
• Copying of textbook solutions manuals
dramatically reduced achievement on exams
so personalized online homework has
increased effort, learning and achievement

• Learn from the students on how to engage
them and adapt every semester
• Personalized, web based technologies are the
present and future
• Who will control the development?
Faculty? Publishers? Small Companies?
• Start small and develop more rigorous projects
each semester
• Funding is difficult to come by and not
necessary to get started

Video Title: Skeptical Inquirer: The Ritual of Firewalking
Video Link: http://videos.howstuffworks.com/science-channel/14375-skeptical-inquirer-theritual-of-firewalking-video.htm

Project Summary:
The course objective is represented by the foot-coal system through direct contact with the heat
source. We are treating the bed of coals as a planar surface with a defined temperature, and the
foot as a rectangular block with properties obtained from Heat and Mass Transfer [Cengel] book.
This problem was solved to determine the heat transfer from the coals to the foot compared to
the same system including an insulating water layer.

• Textbooks are a 20th century technology and
solutions manuals are readily available

• What should be the cost of for a semester of
online homework?

Discussion

• Page 1 Names, link, course objective address
and reflective summary (1 paragraph)

• Material and Energy Balances is:

A
B
C

• Technology transfer and human subjects issues

Logan Brown
Kayla Smith
Emily Wareham

Improving Engagement and Achievement

Number
of
enrolled
students
51
57
56

• Who “owns” the student derived problems?

• Small groups create three page reports

http://rheology.mines.edu

Section

• ~200,000 of students take first year calculus
based physics each year while only ~20,000 total
chemical engineering students are enrolled in the
United States

• Learn about the profession of chemical and
biochemical engineering
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For part b) the layer of water provides a convective layer of resistance on top of the layer of skin.
Since the water will evaporate off the foot and further hinder the transfer of heat, a correlation
must be used to model heat transfer coefficient.

Execution of a “controlled” experiment
• Three different instructors scored above university
average on overall teaching effectiveness question on
end of semester evaluations
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The laminar film condensation over a vertical flat plate was used as an approximation for the
evaporation off the surface. The density of the vapor is assumed negligible as compared to the
density of the liquid water, and all properties are evaluated at the film temperature. The L is
approximated as the length of the foot.
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Engagement and New Problems

• All textbook homework, quizzes and exams common
for all sections

• Many videos and homework quality problems
developed as part of YouTube Fridays

• Basis for statistically significant achievement: Preterm
GPA (p-value 0.0168)

• End of semester surveys are generally positive

• Improved course GPA during second year also
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• Sections A & C were statistically the same in terms of
student achievement; Section B used Online HW

• Final semester grades p=0.0006
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• I am better at relating real world phenomena to
thermodynamics from participating in YouTube
Fridays. (79% agree/strongly agree; n=171)
• I feel confident in performing engineering estimates
after participating in YouTube Fridays. (69% agree/
strongly agree; n=171)
• Future plan to integrate with online homework and
other disciplines
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