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Motivation

* Traditional pedagogy up to
senior year.
* High rate of attrition.

* Evidence on effective teaching
suggested we could serve our
students better.

* And try something new...
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BROAD PEDAGOGICAL MODEL
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The Details

Year Freshman
Semester Spring
Credit Hours 3
Required Yes
Discussion 1 hr / week
Lab 3 hr / week
Lab Fee $50
Sections 2 — 3 / semester
Students < 39 / section
Instructors 1 / section

TAS 1 / section
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Space

e “\We don’t have room for this.”

* Record number of students.
* More than doubled in last 3 years.

e 70 seniors in capstone lab space.
* Now add 100 freshmen.
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Safety SK-Spill kit
FH- Fume Hood  5H - Shower
FK - First afel kit~ EW - Eye Wash

L5 - pH Contral

R1 - Glass Lined Reactor

R3 - Photobioreacior
R4 - GWS Catalysis

F1 - Ligguid Flow Bench
F2 - Fluidiznd Bed

F3 - Gars Flow Benc
H1 - Heat Conduction
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h

H3 - Double Pipe Heat Exchanger
M1 - Ultrafiltration
M2 Nacuum D
M3 - Gas Stripper

yirg Owen

It - 5 pray Dirger

€1 - Liguid Level Cantrol 1
1 2 - Ligquic Tern peralure Control
/ €3 < Liguld Leved Control 2
4 - Crane Control

01 - Dl Wiater

02 - Refrigerator
03 - Ref ridge rat or
04 - Incubaton

A4 - Microscopes
A% - Plata Readar
i - HPLC

A7 - Denstomeder
A3 - Refractometer
A9 - Viscometers
A10 - Taber Tester
Al1-FTIR- ATH
K12 - Flarme AR
A13- 00




Prototyping Equipment

* Chem Es not know for being skilled
machinists...

* Primary Equipment.

* Dremmels
Hot glue gun
Soldering irons
Fountain and aquarium pumps.
Soda bottles, tubing, glassware...
Laser Cutter & 3D Printer

* All projects < $10 in consumables/team
* Final project < S50/team
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SafEty Glassware, Anthony B'

Labeling, &

* Indicate training

: : alde
at a glance. SACHE Training | =/ /’ "31"‘ e @ ot

* Online tracking

http://vstem.org/ / \ -
user/hub.php -
Tools & Stockroom Soldering
* Only materials with minimal GG T TR T S TR T S
safety concerns used. £ i e 14 U Y Pt 0 YR Uk G B G o a0

Welcome: Tony (Administrator)
LEver 13: DweEwmEn

* Supervision.
* Instructor, TA, & lab manager.

http://vstem.org/
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ArduinoUnao_ ___

Using the Arduino Board L g e
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e S20-S25 DAQ & microcontroller.

* Interface with MATLAB
without DAQ toolbox.
* Works with standard student version.

 Student training.

* Large online support community:
http://arduino.cc/forum/

* YouTube screencasts
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Browser-Based Simulations
Old Home: http://www.che.utah.edu/~tony/OTM/
New Home: http://vstem.org/

350l bouker

* Accessible from tablet to phone to desktop.
* No proprietary software needed. ——

* Interactive, animated. T E

* User interactions recorded. HEE[’J
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design projects.
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Simulation-Enhanced
Design Cycle Projects

Interactive Simulations Used Throughout Research Phase

1. Research

Identify
Need

Research
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Negotiate 7
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Studdent Team Flans

CTE
e o oa

3. Protatype

Student De5|gn> Made Real in Maker Spaces
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Physical Measurements Validated with Simulations
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Collect Data Using
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Basic DAQ & Sensors Project

* Use microcontroller to confirm
performance of various
Sensors.

Arduino Uno

DICITAL (Pa~)

OO UNO)
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S01 Ethanol !
S02 Methane

S09 Photores
S10 Uni-Pola
S11 Linear H
S12 Peltier D
S13 Thermoc
S14 Thermist
S15 IR Thern
S16 IR Proxii

S17 US Rang

S03 CO Sens R N ]
S04 Humidiy i 15 sl P | VA2 P
S05 Force Se ’ :  BNTRE 1 veu
S06 Pressure t =
P —— o 'Cf!'ﬂ' L] 4 :
| 507 Pressure {
S08  Amplifie ct
Ethanol Sensor (MQ-3) Circuit

S18 Gyro Breakout Board 1DGS0V0 Sparktun.com
S19 Amplified Microphone BOB-09965 Sparkfun.com
520 Ammeter ACS712 Sparkfun.com

« Before Step-Change:
mean = 3.504 V

std= 0.042V
3
» After Step-Change:
mean =4.815V '
std= 0.210 V 1

« Time value (95%) between 1% steady state and mean of the 2"4:
0.735 s




Photometry & Kinetics

* Design and build a spectrophotometer.

* Use it to find kinetic constants for
a reaction.
 Alkali bleaching of phenol red or malachite green.
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Placement Butterfield A, Young C. An Effective and Economical Photometer for Classroom Demonstrations

and Laboratory Use. Chem Eng Educ. 2012;46(3):152—-156.



Mass Transfer / Drug Delivery

* Design a process to mass
produce homogenous and
spherical alginate beads for
drug delivery.
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Farrell, Stephanie, and Jennifer Vernengo. "A Controlled Drug-Delivery Experiment Using
Alginate Beads." Chemical Engineering Education 46.2 (2012): 97-109. Print.



Mass Transfer / Drug Delivery

\

Fraction of Drug Release \
15 T I

e Analysis of mass transfer of
model drug out of beads.

05 =

1-D Mass Transfer in a Sphere / Drug Delivery Simulation
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Photobioreactor

* Design a photobioreactor to
produce algae as efficiently as
possible for use in our algal oil
research programs.

* http://vstem.org/app/Bioreactor/
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Biodiesel

* Analyze the properties of
biodiesels from competing
plant oils.
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Three-Week Collaborative Project

* Freshmen submit resumes and apply to desired senior projects.
* Seniors use resumes to hire freshmen.

Senior M

* Seniors
* Gain valuable managerial skills.

* Lear job hunting skills from
seeing the other side
of the interview process.

* Freshmen

* Hone their resumes, and job
application skills.

* Gain valuable insight into
their academic trajectory.

* Learn of internship and job -
opportunities from graduating seniors.




Final Projects

* Proposal novel project that brings value to the department, and puts
their new skills to use.

* Research: Conduct a small portion of a faculty research project.
* Education: Conduct research that improves teaching modules.
 Service: Create an outreach teaching module for K-12 schools.

One-Page - Proposal ‘LongForm Proposal ‘ Progress : ‘ Final

Proposal Workshop Proposal Execution Presentation

And many
other creative
and useful
projects...

Microfluidics Research Using e ]I '

Fresnel Lenz Teaching Module a Laser Cutter Automated Viscometer R caeh STHFERER QgD Ul

Hydraulic Analogy



Survey Questions

* Students were almost
entirely positive.

* Enjoyed and recognized the
unigue teaching methods of
the course.

* Though some felt
underprepared.

* Perceived ir]creased in
understanding of chemical
engineering.

* Made social connections.

e Vast majority state they
intend to remain in the
major.

* And go on to graduate school...
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St u d e nt F re e_ FO r m “The way the class is presented as the students being engineers and
collaborating on projects and presenting reports to the teacher as a

business would is fantastic. The very open-ended projects were a

Fe e d b a C k VERY educational and eye-opening experience. Working with people
you don't know and solving problems with group ideas (not pre-
. . .. generated guidelines) was something that is sure to come in handy
¢ Va St m aJ (0) r|ty were p 0OS |t ve. after graduation.”

¢ St u d e ntS fre q ue ntly “An excellent course which affords the students the
. opportunity to apply engineering principles and get them
me nt ione d . excited to be participating in engineering early on in the
major. Also the open endedness of the projects was very

¢ O pen e nd ed refreshing when compared to the heavy theory and “I absolutely loved the class, it made me
pro b | ems. rigic_iity of the rest of the courses that we take up until feel more confident in the choice of my
o . senior year.” profession. Very hands on, the instructors
* Exercisin g their are great. Overall, regardless of the

. rade | get, it was a great experience.”
creatIVIty. “I thought the hands-on design and 2 & 2 g

prototyping aspects of this course were
awesome. The online simulations we
did for individual homework were also
generally helpful.”

“You constantly

¢ M|m|Ck|ng d have us answer

work questions in
. t class that help
environment. everyone stay

e Simulations. engaged. The

simulations are
very helpful for
conceptualizing
problems.”

“The design of the course really forced
students to take initiative and not rely
on instructors to tell them what to do, it
really helped me be more confident in
coming up with and developing my own
ideas.”

“It was nice to finally get some hands
on engineering in the curriculum.”

“This was my absolute favorite class
and I really enjoyed every week of it.

The hands-on experience was
invaluable and the lab experience
cannot be replaced.”




Same Freshmen, Same Year
Traditional vs. New Course Model

&5 ‘ Hand-on Ddsian Course
Traditional Lecture & Simulation-Augmented
1 Homework Course | Design Course
4B I 40 |

Simulationhugmented

Traditiondl Lecture & n
| Homewdrk Course w

P

Sissgree € 7 Agee Bisagree Agwn
B The course materials were helpful in meeting course objectives.
| learned a great deal in this course.
1 Overall, this was an effective course.

* Same students take a
traditional lecture and
textbook introduction
to chemical
engineering the
semester before
taking this course.

* On standardized
university evaluations,
the same cohort was
more enthusiastic
about the new course.



Course Improvement

* |terative improvements in each
simulation and module.

Error bars represent
confidence interval
onthe mean at a
95% confidence level.

* Average student evaluation has
risen significantly.

* The average evaluation is nearing
the maximum.

* New model saw some dip:

* 3 Discussions & 3 Labs 48

VS.
Sprl Sprl Summer  Sp
e 1 Discussion & 3 Labs am“:III 21.'|1r-‘i"1| 2014 zur}lr?



Personal Confidence in Engineerin

* A 33% average increase in
self-reported student
confidence in laboratory
project skills.

* Average confidence

increased in every category.

e Students left the course

feeling much more capable.

Maximum
Confidence

Personal Confidence in Particular Skills
Pre- & Post-Course

Zero
Experience

g Skills

[ Post-Course
mm Pre-Course

Soldering

Circuits

Communication

lllustrations

Data Analysis

Experimental
Design

Physical
Measurements

Prototyping

Tool%

Machinin

Teamwork

Programming

DAQ Hardware
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Measured Lab Skills

* Verified by:
* Oral examination.

e Observation of
skill’s use.

Training Data for Instructor 1: Tony

R L/ [/ A [n]2]e]>[w=] 2

Course D=1

Fie e el

 — =0 I I @ | = =2
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Wl SIS e " = 2 0 2] z 5 (I 0 G ) v
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SACUHE's Basics of Luboratory Sufely Program
Use of Laboratory Glassware & Labeling,

Proper Micropipaiie Technique ¥ Show alldownlosds.. %
Hand Drills, Drill Press, & Grinder
Soldering Anthony B.
CHEN 1705-1
Laser Cutter & 2-1 CTAD 3?|72/sz!®$
3-D Printer & 3-D CAD ' =

0% 25% 50% 75% 100%



Pre- Post-Test Results

CH EN 1705 Chemical Engineering Design & Innovation - Pretest

1. A9V battery is attached across 3 1 kQ resistor. What should the current through the resistor be?
[a)aa [b)oka [chama [dioa [ejz/joa  [A1/9ka  [egl1/oma |

2. If we decrease the resistance of resistor R.in the adjacent circuit, without
changing anything else, what would happen to the wvoltage at Point A (between the
two resistors) in the circuit?

V=45V

‘ a) Goes up | b) Stays the same ‘ c} Goes down | d) Not enough information |

3. Into a barrel containing 240 liters of pure water you pour 10 liters of water containing 5 mal/fliter (M)
of sugar. What is the final concentration of sugar in the barrel after it's well-mixed?
[alo.020m [bj0.154M [ c)0.200M [ d)0.208M | €)0.250M [ )0.350M | 0.377M |

4. Consider the elementary irreversible reaction A + B = Cin water. If we double the starting
concentrations of both A and B, what will happen to the rate of the reaction?
‘ a) Remain the same ‘ b) Go down | €) Go up 2X | d) Go up 4% | e} Go up BX

[fGoupisx |

5. Which of the following are second order reactions, if we assume they are elementary reactions (circle
as many as you think are correct)?
[2)2A>8 [b)A>28 [)JA+B>C [d)A3B |e)A+B>C+D |fJA>B+C |gA+28>C|

6. Which of the following is a rate equation for a second order irreversible reaction, where Cis
concentration, £ is time, and k is the rate constant. (gircle as many as you think are correct)?
[ Fcy - Bc, _ . Fc, _
6 | 2= ke [

[0 %=k, [0 Ta= kg, [0 2= Bao g |

7. We want to make an elementary irreversible reaction, A + B = C, behave like a first order reaction
with respect to molecule A, to simplify finding the rate constant. How could we do this?

a) Measure the b)Adda c) Add an d) Continually ) Use a starting
rate of reaction catalyst to inhibitor to remove molecules | molar concentration
without any B speed up the slow the of C during the of B that is much
present. reaction. reaction. reaction. larger than that of A,

8. We have a chemical reaction, & - B, that is governed by the equation:

—=—kC
where Cis the concentration of A, k is the reaction’s rate constant, and ¢ is time. We want to determine
k using data we have of C verses t during the reaction. What should we plot to linearize this data, such
that k would be the slope of the line that fits the linearized data?
‘ a)Cvst | b)L/Cvst ‘ c)loglClvst ‘ d) Cvs 1/t | ) Cvs log(t) | fli/Cvst | gl Cvst

9. Consider the adjacent fluid circuit. The pump takes water out
of a reservoir and pumps it through Pipe 1. Then the stream splits
to recycle through Pipe 2 or exit through Pipe 3. If we keep the
same flow rate through Pipe 1 and shorten Pipe 2, what should

happen to the flow rate out of Pipe 37

a) Goes up | b) Stays the same

c) Goes down

d) Not enough
information

10. Which of the following commands would create a vector, v, in MATLAB containing the values [20, 30,
40, 50, 60]? (circle as many as you think are correct)

[l v=10%({1:5)+1) [ b) v=(1:6)*10

[ ) v=linspace(20,60,6) | d) v=20:10:60 | &) v=20:60 |

[ v=20,60

| &) v=linspoce(20,60,10) | h) v=20,30,40,50,60 | i) v=60:20

[ v=(5F10+10 |

11 Using the same vector, v, as in problem 10, in which of the following will the output be equal to 17
Igircle as many as you think are correct)

a) v(5)==60 b) v[20)-v{40)/2+1 t) length(v==v) d} maxiv./v) e} v[v{1)/5)-49
gl h) ] )]
=20:10:60 a=[11111]; if v(3)~=30 a=0
alil=v(i); for -1:1 a=1; try
end alil=w(i); while a else a=wv{a)
a==v end " a=0; catch
min{a==v) end a=atl;
a end
a

12. Which of the following MATLAB commands would find the average of vector, v, from Question 117
(gircle as many as you think are correct)

a) b) d) e}
n=length{v); n=length{v); n=length{v); n=lengthiv);
x=0; avg=0; X
for (i=0;i<n;i++ )] n x=xvli); forj=1:n =0;
xE=v(); x=xavlil end ave=avetv(il/n; while jen
1 end avg=x/n; end x=xpuli+l);
avg=x/n; avg=x/n; =il
end
avg=x/n;
f) g hj i 0
avg=mean(v); avg=average{v); | avg=sum(v}/5; ave=sumiv)/80; avg=mode(uv);

* Written test at start
and end of semester.

 Topics include those
covered in previous
courses, but now
addressed with hands-
on design course.

* 38% average
improvement over the
lab (n=170).

* 56% improvement in

the most recent
semester (n=80).



Retention & Underrepresented Groups

 Historically:
* Freshmen to sophomore = 60% retention.
* Freshmen to graduation = 45% retention.

* Over 90% agreed with both statements:

e “Choosing to major in chemical engineering
was the right choice for me”

* “I will graduate with a degree in engineering”

* No other statistical differences between
racial and ethnic groups or
genders detected.

* Except... Women perform better than men
(P=0.014).

* On average by 8.7 percentage points.




Insights: Web Simulation Usage Database

b cancls Mot x % VB HTML canvas rec ) 21 vSTEM User Hub
€« C [ vstemorg/user/hub.php
£ Apps [ Mendeley MGM LU WGt Wche Has Y WeM EIC T cA EIfe U UMsp F] Scholar

e Simulation interaction data reveal
important information about

successful modes of learning, and how
[ ] Lever 13 DweEmER
to improve browser-based s
. . " B s Bapase
simulations. i
ttp://vstem.org/app/Bioreactor/?playid=6248 | ™o
p:// g/app/ [?play NIV T IV,
AVAILABLE APPLETS
m What are
the work
habits of
successful
m students?
2wl Data shows
E higher BEHAVIORS OF THE ENSEMBLES:
'.,.:. m performing Chemical Engineering Design & Innovation Chemical Engineering Design & Innovation Chemical Engineering Design & Innovatio
2. students do I A 1L M B
What Are Unsuccessful Students homework _nm - F 0
Misunderstanding? H w» about an m;.um = @{ m‘ | ‘
Darker shades indicate more time spent by i P hour earlier :} Yax g . \ Yex 5 | —
students who were unsuccessful. Plot shows than their nrmsu-nspn-m
successful students understood the need to v peers. - @ i - . —
calibrate the sensor, indicating calibration o - - - o . :“ 0 D:] @[l \ r @l \
should become a target for automatic %% %, t*”,b %‘% %% %, %ﬁ KON \’:E)) ) T CTT T
intervention and classroom discussion. — -
Time of Homework Attempt



Industry & Research Program Support

* Department’s Industrial Advisory
Board is wholly supportive.

e Course now used to funnel

undergraduates into researcher labs.

* Freshmen take internships left by their
senior managers in collaborative
project.

 Faculty hire freshmen based on skills
developed and performance in course.

“lIAB Member] commented that these
experiences should help students get
internships and noted that the professional
skills they are developing are particularly
important.”

“This innovation was
enthusiastically welcomed
by the IAB.”

“[The skills developed in
this course] are the skills

we look for in the
students we hire.”




Professional Side Effects

 Student recognition:
e Department Teaching Awards.

* Faculty recognition:
* College of Engineering Teaching Award.

* University recognition:
* University of Utah “Beacons of Excellence” Award.
“Recognizing excellence in providing

transformational experiences to undergraduate
students.”



Future Plans

e Disseminate tools & methods

* Fall semester freshman course.

* Create a coherent first year.
* Design — Evaluation —

Resea rch

Comm&

Negotiate

e

Evaluate

Redesign — Evaluation . Prototype
* Then move into remaining core surrender..
courses.
» Create a persistent virtual space g5 students through curriculum.
for our students. * Real-time online educational data
* vSTEM.org mining.
* Disseminate simulation use * Incorporate automated training

through peer examples.

= VSTEM.org
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