Rethinking Computing and Statistics
Instruction with Vocareum and Gradescope
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Chemical Engineering Suggested 4 Year Curriculum University of Notre Dame )
Current Practice:
Year 1 Year 2 Year 3 Year 4 . - .-
, , , , Computing & Statistics
Fall Spring Fall Spring Fall Spring Fall Spring
I v — Prerequisite MATLAB in freshman
Intro to Chem Gen Chem O Chem 1 O Chem 2 A Chem P Chem . . .
CHEM 10171 » CHEM 10122 CHEM 10172 CHEM 20273 CHEM 30333 CHEM 3032& """"" » Concurrent prerequisite engineering sequence
3) (3) 3) 3 3) (3) —
Chem Lab O Chem Lab A Chem Lab 2 COL[‘)"ESST[Z:eOSS:'Szgon
CHEIV(|11)1171 e CHEIV(|11)1172 CHEN(|13)1333 S S oph omore-re quire d
EG 10112 = course only offered in F 3 F
Intro. Eng. | / | (3) ‘\ Careers in CBE D semester shown Numerical & Statistical
EG 10111 CBE 20290 (] =course offered both spring Analysis (N SA)
§3! ‘\ KW\ rm\ (1)* and fall semesters
COE PHYS 10310 > PHYS 10320
Requirements A8 o\ Diff Eq Ad-hoc computing &
( MATH 30650 ChE Lab | ChE Lab II** e )
Calculus | Calculus I ("Calculus Il ) Linear ODE /'.. B J CBE 31358 |g., CBE 41459 statistics In upper-level
MATH 10550 MATH 10560 » MATH 20550 MATH 20580 (3) +wic+ | i -OR-
4 4 ___(35) J (" Materials i Biolab** (" Technical ) classes:
CBE 30361 T. i |i | CBE41910 Elective “ :
< [ - 5) JPYOMO ! | (5) 6 class e ) You learned this as
LA 4: art/lit/lang/culture Philosophy 1: intro Intro to ChE I Num Stats Controls N . . .
Lz T“S/‘{,ﬁ sci il ailree ™ CBE 20255 _I CBE 20258 i » CBE30338 gmi |i [Reactor Eng e sophomor es... jUSt fIgUI’ e it
:int/Wo riting . . L (3) ) L 3 * 3 . a
Dot e (e B - Gt 1 =N out”— Prof. Anonymous
of above) -OR- 'Y'
Biotransport* CBE 30356 ’| Separations Design
';"sf’;:‘r‘ ';"sf’;:‘r‘ CBE 30357 3 5| CBE40443 |—»] CBE 40448 Vision
(3) (3) (3)
(1) (1) , :
— — Thermo | ( Thermo Il \/ ( BE ) CBE ) . -
UCore 1 Writing 2 CBE 20260 } » CBE 30367 Elective [ Elective Vertlcally lntegr ate
8 8 el —E NI B 6 computing and statistics
—_— throughout the
UCore 2 W.r|t|ng.1 UCore 3 UCore 4 University Core UCore 5 UCore 6 UCore 7 g .
3) A 3) 3) Curriculum 3) 3) (3) undergraduate curriculum
\ .other UCore )
\/ NOITKE DAME Last updated: 8/2019 tjv




Modernizing Numerical and Statistical Analysis
Backward Course Design

Set Clear Learning Objectives Major Changes
At the end of the semester, you should be able to... Reorganized class topics
« Removed advanced topics (QR factorization,
1. Create mathematical models and apply compression with SVD, trust regions, BVPs,
computational methods to analyze systems using PDEs)
basic principles of chemical engineering (e.g., mass « Emphasized fundamentals, especially
and energy balances, thermodynamic equilibrium, probability & statistics
etc.)  Added mass and energy balance examples
2. Analyze data and quantify uncertainty using Switched to Python, with great student buy-in
standard statistical techniques and mathematical
models grounded in engineering fundamentals Incorporated active learning into lectures
3. Independently plan, implement, and debug short Shortened assignments

(100 to 300 lines) Python computer programs to
analyze data, solve engineering mathematical
models, and visualize results

UNIVERSITY OF
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Active Learning is Essential for Computing and Statistics
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Spring 2019: Cloud-based Google Colaboratory (Jupyter Notebooks)

colab.research. google . com & L18-Error-Rates-Statistical-Power.ipynb ) .
Bl COMMENT 2% SHARE
File Edit View Insert Runtime Tools Help
= . CODE TEXT 4 CELL ¥ CELL CONNECT ra i A
Benefits of Google Colaboratry:
a Alexander Dowitgcoone | -
¥ Activity 10:07 PM Today
. B 4 hi ivsi ud hat i ) d f 80 o 81 f th ical ) Students can add comments to
t b 1 that 1 toft t - just
lee Google DOCS, but for COde ased on |s‘ana ysis, your eam.concu es that improving yield from ‘ o 81 percent of theoretica mav)u.mum ger?ggmm just like
performance is not worth the capital investment. Upper management will only approve the new process if it has a 0og

mean yield of at least 84 percent

With a partner, copy the code from above and repeat the analysis, Answer two questions:

Integrated with Google Drive:
. . . . 1. What is the statistical power with n = 50 if we assume the mean yield of the new process is 84 and same
d UtOm atl C versionin g y easy Sh ari ng standard deviation of the current process?

2. Using the same assumptions, what is the smallest sample size with a statistical power of at least 99.9%7

Record your answers here: https://forms.gle/JodRxokLfT4hpWGHE

Removes barriers to access:

students can complete assignments [ ] 1 # Question 1
from any internet connect computer e
— no need to support 80+ local Python B
installations ¢ step 3

Facilitates active learning

Free

UNIVERSITY OF
NOTRE DAME 6



u . . | show this slide on day 1.
Making your time more effective

Complexity of Concepts and Applications Difficult

Traditional Class (plan)

Lecture Tutorial Studying Homework
3 hr/ wk 1 hr/ wk 2 hr/ wk 3 hr/ wk

\ Y J \ ) L J L Y J

Initial exposure Practice But how? Builds on lectures

Traditional Class (reality for many)

Lecture Tutorial Studying Homework

3 hr / wk 1 hr/wk 1 hr/wk 10+ hr / wk

L J

Y L J L J \ Y J

Difficult to focus Too busy to start Either skipped or  Really difficult if not comfortable

100% of time homework before not effective with lecture examples 7
~



u . . | show this slide on day 1.
Making your time more effective

Easy Complexity of Concepts and Applications Difficult

*We’'ll start some homework problems during class.

This Semester
Class*

3 hr/wk

J

Tutorial Studying ‘ Problem solving 1R
1 hr/wk 1 hr/ wk together I

SlEeE Total

Preparation
2 hr / wk

9-11 hr/wk

L Y J L J \ J

L J

' v Homework* '
Initial exposure Practice & I'll teach you how 2 -4 hr/wk This is 100% on task
at home Jjump-start to do this & give time... i.e., Facebook
homework extra practice l , ' closed, not watching
problems Netflix, not texting

Easy extensions of
home and class

@JNOTRE DAME activities 8



Fall 2019: Cloud-based Vocareum (Jupyter Notebooks)

WWWw.VvVOoCareum. Com

vocareum @ ¥ My Classes ¥ Manage Help % Alexander Dowling ~
BenefltS Of Vocal'eum: Class 0 Jupyter~  View~  Student View Run Scripts =
': Jupyter Class0-Welcome Last Checkpoint: 08/25/2019 (autosaved) @ Control Panel
Many of the same cloud-based L o | | — R
. e dit View nser Ce Kerne Widgets Help ruste Python 3 [3.6
benefits as Colaboratory 221 @TelaTel e o (=
Our First Autograded Submission
Integ rated Wlth Lea rni ng We want to store the first seven elements of the Fibonaci sequence in the list £ib. Below is an answer with a few mistakes:
Management System (e.g., Sakai) s —
and gradebook
£ib = (0, 1, 1, 2, 3, 5, 8]
Supports autograding via nbgrader £ibs = (0, -1, 1, 2, 4, 5, 9, 13]
(Wlth Some enhancementS) In [ ]: 0.3 | sequence-length Autograder tests 3
### BEGIN HIDDEN TESTS
. . . . try:
Supports plagiarism detections (if you " gib
except NameError:
\A/Eir]t it) ir?nt(“ae sure to store the answer in “fib~.")

assert len(fib) == 7, "Your answer should contain SEVEN elements.

Paid service, but responsive technical
support

UNIVERSITY OF
NOTRE DAME 9



Fall 2019: Cloud-based Vocareum (Jupyter Notebooks)

WWWw.VvVOoCareum. Com

VOCOFEUIT\ ¥ My Classes ¥ Manage Help - Alexander Dowling ~

Benefits Of Vocareum: Class 1 m Details» Teacher View Grades Actions~
: Ju pyter L1 'Geﬂing'started'stlidents (autosaved) P Control Panel
|
Many of the same cloud-based Fle Edt View Inset Cel Kemel Widgets  Help NotTrusted | Python3[3.6] O
benefits as Co|ab0ratory B 4+ x OB 4+ % N B C Mrkdown ¢ =
_ ] Welcome to Your First Lecture Python Notebooks

I nteg rated Wlth Learn I ng . | will distribute one Python notebook via Vocareum for each lecture. You are expected to read each notebook and attempt
Management System (e.g., Sakai) every home activity before class.

Home Activity: These are very short activities are designed to promote quick mastery.

and gradebook

Some activities we will revist during tutorial.

Supports aUtograding Vla nbgrader Tutorial Activity: We will come back to this activity in tutorial.
(with some enhancements)

During each lecture, we will walk through the notebook. A majority of class time will be dedicated to completing class
activities with partners and discussing as a class. It is critical you attempt the home activties before coming to class, otherwise

Supports plagiarism detections (if you you may not be ready for the class activties.

wa nt |t) Class Activity: We will work on these activities with partners and then compile solutions together.

Bottom Line: Autograder (Vocareum) enables accountability for meaningful home activities before class,
which translates to more engaging class sessions.

UNIVERSITY OF
NOTRE DAME 10



Enabling Technologies: Sakail, Gradescope, Vocareum

T @ jj

{

Q

#Home |

Exit View ‘ 222 Sites ’ @Alexander

Overview

Gradebook

Resources

Panopto

Library Resources

Extension Activities

Email Archive

Gradescope

Forums

«

[B\ VOCAREUM ASSIGNMENTS

Classes

Class 0: Welcome. Due: Tuesday, Aug 27 @ 6pm.

©

Class 1: Getting Started in Python. Due: Thursday, Aug. 29 @ 3:15pm

Class 2: Functions, Scoping, Etc. Due: Tuesday, Sept. 3 @ 3:15pm

© ©

Class 2 (extra): Lists and csv. This is not graded.

©

Class 3: Numpy and Matplotlib. Due: Tuesday, Sept. 10 @ 3:15pm.

©

Class 4: Dictionaries and Functions as Arguments. Due: Thursday, Sept. 12 @

©

(5]
—

:15pm.

Class 5: Algebriac Modeling. Tuesday, Sep. 17, 2019. Nothing due before class.

©

Q

Class 7: LU Factorization and Condition Number. Due: Tuesday, Sept. 24 @ 3:15pm.

Class 6: Gaussian Elimination. Due: Thursday, Sept 19 @ 3:15pm (Gradescope only)

Qo

Class 8: Exam 1 Practice and Examples (no Vocareum notebook). There is no mandatory

UNIVERSITY OF

NOTRE DAME

Sakai provides a single access point to
Gradescope & Vocareum

Home Activities
Either Vocareum (3/4) or Gradescope (1/4)

Problem Sets & Mini-Projects
Both platforms for each assignment

Vocareum: check answers

Gradescope: plots, discussion, pseudocode,
derivations

Positive Impact:

- Reduced grading time

- Faster feedback to students
- Regular accountability

11



Vertical Integration: Opportunities and Challenges

Numerical Methods

Equation solving (thermo., separations)

Optimization (controls, design)

Numeric integration (transport, reactions)

Statistics and Data Analysis
Probability (physical chemistry)

Visualization
Regression

Error Analysis
Uncertainty Propagation

L] UNIVERSITY OF
N(]TRF. DAME

- labs

—

Challenges

Difficult to learn advanced
topics sophomore year
(e.g., PDEs, BVPs)

“Brain drain” without
repeated exposure

Common software tools?

How to avoid burdening
all faculty?

12



Chemical Engineering Suggested 4 Year Curriculum University of Notre Dame

Vision
Year 1 Year 2 Year 3 Year 4
Fall Spring Fall Spring Fall Spring Fall Spring . :
Vertically integrate
| 4 — Prerequisite Computing and statistics
Intro to Chem Gen Chem O Chem 1 O Chem 2 A Chem P Chem ) L
CHEM 10171 [— CHEM 10122 CHEM 10172 CHEM 20273 CHEM 30333 CHEM 30324 | "= P Concurrent prerequisite throughout the
3) (3) (3) 3 3) (3) T Sescinti qJ duat icul
Chem Lab O Chem Lab A Chem Lab 2 ourse Description un el‘gl’a uate curricuium
CHEM 11171 CHEM 11172 CHEM 31333 22U e
(1) Intro. Eng. (1) (1) (Credits)
EG 10112 D = course only offered in
Intro. Eng. / | §3p<‘\ Careers in CBE semester shown .
EG 10111 CBE 20290 D = course offered both spring Ll bl'al'y Of C |Oud-baSEd
§3! M\ KW\ rm (1)* and fall semesters J u pyter N OtebOOkS
COE PHYS 10310 PHYS 10320
Requirements . @ J u_)_/“ Diff Eq —— ——
“““ ( MATH 30650 ChE Lab | a . .
Calculus | Calculus I (Calculus Il ) Linear ODE / () CBE 31358 |g., CBE 41459 Complement existing core
MATH 10550 MATH 10560 » MATH 20550 » MATH 20580 3) +wic+ . -OR- ﬁ H
4 4 L (35 ) ___(3.5) {' Materials Biolab** (" Technical ) CBE classes with
» CBE 30361 $7pyono i | CBE41910 Elective examp[es that use
LA 4: art/lit/lang/culture Philosophy 1: intro Nal Intro to ChE Num Stats \Aé)_/ Controls (3) 2R dlass . (3) d Com utin and StatistiCS for
LA 5: hist/soc sci Philosophy 2: philo/CAD CBE 20255 - CBE 20258 » CBE 30338 Reactor Eng (" Technical ) p g
LA 6: int/WoK Writing 2 : ) .
Theology 1: found Writing 1: university ~ (3) ~ . (3) Transport I* = N CBE 40445 & Elective prOblem SOIVIng
Theology 2: develop ~ seminar (satisfy with one \ i3l CBE 30355 (3) L \ !3! )
of above) _OR- Transport Il / - \
Biotransport™ | CBE 30356 ; Separations Design
';"storea“ ';"storea“ CBE 30357 _v| CBEA40443 28 —»{ CBE 40448
v v o e e o
— — Thermo | ] ( Thermoll ) (" CBE CBE )
UCore 1 Writing 2 CBE 20260 > CBE 30367 Elective Elective
(3) (3) NI ___(3) B J
- @ - @

( | (" Writing1 ) iversi \ ‘ I e I I l
UCore 2 Sati ith LB Uore 4 University Core veore 5 veore et vo 0 U
3) atisfy wit (3) (3) Curriculum (3) (3) (3)
\ ) other UCore y,

\&/ NUIKRE DAME Last updated: 8/2019 tjv
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Simulation and Optimal Control in Pharmacokinetics

Installations and Initialization

Pyomo and ipopt are now prenstalled on Google iboratory. On MacOS and Windows PC, a one-8me installation of pyoma and ipopt is required. The following
commands will parform e needed installation when using the Araconda dstribution of Python,

https://github.com/jckantor

Chemical Process Control

Introduction to Chemical Engineering Analysis
Introduction to Operations Research

Process Operations

Prof. Jeff Kantor

UNIVERSITY OF

NOTRE DAME

Elvis Kanishka Jialu
Eugene Ghosh Wang

—

NIVERSITY OF NOTRE DAME

Xian Bridgette Alejandro
Gao Befort Garciadiego

Kaneb Center
Pat Miller Kevin Barry

Dan Hubert
Kristi Rudenga

Vocareum Pilot

Xiaojing Duan
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https://github.com/jckantor
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