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A bit intro about me
background & teaching experience

• First experience with computer programming
• BASIC, 1989, first year in high school. But never used after learning it for one semester. 

• Learned Fortran 77 at the sophomore year and have used Fortran for computing & research 
since then (1993)
• It was a required course for students majoring in meteorology/atmospheric sciences
• Used throughout the undergraduate education because many courses (including 

project design) builds upon the weather data and computing. 
• Final design is to develop a simple two-layer atmospheric model to solve the isentropic 

dynamic equations on a Cray machine to predict large-scale weather.
• Great learning experience via team work. Fond memories of working together to 

resolve the bugs in the code.
• 15 years of teaching in two universities (self-taught Python through the years)

• University of Nebraska – Lincoln; students majoring in atmospheric sciences are 
introduced by programming at the sophomore year and are trained on data analysis 
with programming throughout the curriculum. 

• University of Iowa; students majoring in chemical engineering are introduced to 
programming in freshman year via ”problem solving”…
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A bit intro about me
Research

• Satellite remote sensing of atmospheric composition and fires
• Smart & connected sensors for canopy parameters via IoT
• Global and regional modeling/prediction of atmospheric composition, air-

land interaction, and climate change. 
• Data assimilation & big data research.
• Dedicated 1 Peta-byte data storage + 1200 CPUs 

1:30
Afternoon satellite constellation –most 
advanced EOS
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CBE Departmental Research Focus Areas
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CBE Undergraduate 
Curriculum

prior to 2019

• Students are taught some skills 
of programming & computing in 
first year 

“Intro. To Engr. Prob. Solving”
“Intro. To Engr. Computing”

• Students will use some in the 
second year (“process 
calculations”)

• After that, students will barely 
need any data science skills in 
senior project design. 
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Intro. to Problem Solving
ENGR 1100 in U. Iowa

• Development and demonstration of specific problem solving skills; directed 
project or case study involving actual engineering problems and their 
solutions.

• Module 3: Technical Representation, Presentation, and Analysis of 
Data 
– Introduction to Excel and MATLAB for matrix solving (and some 

statistical anlysis)
– Solve simultaneous equations in matrix form using Excel and MATLAB 
– Parameter estimation methods: Method of selected points and least-

squares regression 
– Application of graphing and data analysis 
– Non-linear analysis, curve fitting 
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Intro to Engr Computing 
ENGR 1300 in U. Iowa

• Engineering problem solving using computers; introduction to digital 
computations, problem formulation using a procedural high-level 
language; structured, top-down program design methodology; 
debugging and testing; introduction to use of software libraries; 
examples from numerical analysis and contemporary applications in 
engineering.
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Process Calculation
CBE 2150 in U. Iowa

• This course provides an overview of the fundamentals of chemical 
engineering. Students learn and practice problem-solving approaches 
to solve material and energy balances for chemical processes with a 
focus on steady-state systems. In the context of practical applications 
from various industries, balances around commonly used unit 
operations are written and solved with consideration of chemical 
reactions, phases, and process variables such as temperature and 
pressure.
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CBE Undergraduate Curriculum in Univ. of Iowa
Since 2019-2020

Solid foundation

CBE added two:
• Computational tools
• Statistics
Engr added one
Machine learning Intro
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Computational Tools for Chemical Engineers?
CBE 2110, slide materials contributed by Joe Gomes
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• First offering Fall 2021 (sophomore-level)
• Created to unify teaching of numerical techniques in Excel and Python that were 

previously spread across the curriculum.
• Content:

– Arrays, equations, functions, data, graphs in Python and Excel
– Interpolation methods, trendlines, curve-fitting, and parameter estimation
– Solving linear and non-linear (systems of) equation(s)
– Numerical integration and ordinary differential equations
– Optimization

• Learning Goals:
– By the end of the course the student will be able to use a spreadsheet 

package to perform engineering calculations including processing and 
analysis of data, graphical analysis, and presentation.

– By the end of the course, the student will demonstrate an understanding of 
fundamental mathematics (including calculus, linear and nonlinear 
simultaneous equation solving, etc.) by using computer tools to solve 
problems.

– By the end of the course, the student will be able to convert problem solving 
strategies to procedural algorithms, write program structures, and 
understand when programming is most appropriate.



Example (1) (Excel)
Solving non-linear equation by root-finding
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Example (2) (Python)
Parameter estimation by curve fitting
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Statistics for Chemical & Natural Resource Engr. 
CBE 3020 in U. Iowa

Content
• Probability 
• Empirical distributions
• Exploratory data analysis
• Parametric probability distributions
• Hypothesis testing
• Statistical forecasting 
• Statistical verification
• Time series analysis
• Multivariate statistics
• Advanced techniques (PCA, etc)

Students are asked to
• Write Python code to solve HW
• Write Python code to solve exams

(allow online access to Python resources & 
write anything on ¼ size of a letter)

• Use Jupiter Notebook; save solutions in pdf
• Reproduce figures in the textbook with Python
• Write own routines 
• Be familiar with the terminology in Python vs. in 

the textbook 
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Examples (1)
Regenerate left-tail Gaussian Table

Write Python code to solve HW
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Examples (2)

Power of test vs. delta p

Fitting to Gamma 
distribution 

Permutation 
Test of 
statistical 
differences. 

Regression analysis
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Process Control and Dynamics
CBE 4105, slide materials contributed by Charles Stanier  

• Prior to 2019, MATLAB was used
• Advantages of python:

– Integrates with other courses in Chemical Engineering curriculum and in 
other departments

– Students are excited to use it
– Pedagogical features of Jupyter notebooks (for teaching and for 

documenting problem solving methodology)
– Free for download to multiple OS
– Rapidly growing ecosystem of libraries, including in Chemical Engineering 

topics
– Gives students entry point to research positions, and supports our Focus 

Area in Computation, Data Science, and Machine Learning

• Learning Goals Supported:
– By the end of the course the student will be able to utilize practical and 

mathematical tools (e.g. Python, Simulink, DeltaV, and Labview)
– By the end of the course the student will be able to mathematically model 

time-dependent real processes.
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How we do it?

• Series of coding assignments, turned in via Jupyter notebook files
– Students are given a resource packet (pdf) about coding, 

syntax, with many links to learn more
– Students complete a progressive series of assignments

• Hello world
• Functions
• Graphing
• Dictionaries, lists, and tuples
• Solving a single ODE
• Solving coupled ODEs

Very successful modification: In 2020, I had 
students choose their own system to solve. This led 
to higher student interest, much less copying / free-
riding, more creativity, and forced students to think 
what kind of problems can and cannot be solved 
using ODE solvers
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Python has been 
used in the 
required senior 
process control 
class at Iowa 
since 2019
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Even a simpler 
problem, designed and 
solved by the student, 
still demonstrated the 
skill
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All from student’s Jupyter notebook

D. Last step, but very important -- comment on the 
solution. 

The model behaves as predicted. It starts at the initial 
height of 0.5 meters of water. At the time of forcing 
there is a sharp increase that then begins to flatten 
out into steady state.
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A second case study from the same course
• Use of miniature Arduino devices with sensors and actuators

Portable Temperature 
Control Labs, Developed 
by John Hedengren, BYU
Implemented at Iowa 2018-
2020
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Potential Uses

Potential Teaching and Learning Use At Iowa?
Teach coding (by having a device to interface with, sending commands, receiving data)
Teaching dynamics, heat transfer, model fitting X
Teaching PID process control X
Teaching advanced process control
Individual lab for remote learning, or in cases where pilot-scale controls labs are not available X
Prelab to prepare students for pilot-scale control labs X

Main drawbacks
• While python is OS independent, the device drivers are device independent. Expect to have some 

troubleshooting and some failures of communication if students use on their own devices. 
• GUI options for PID control require several dependencies and there were some glitches that we were not 

able to fix in all cases.
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Intro. To Machine Learning course
ENGR 2995: co-taught with faculty in computer engineering

Content
• Introduction/Technical Background 
• Predicting Categories: Classification 
• Predicting Numerical Values: Regression
• Evaluating and Comparing Learners
• Evaluating Classifiers/ & Regressors 
• More Classification & Regression Methods

• Decision trees
• Support vector classifier
• Regularization
• Support vector regression
• Regression trees
• random forecasts  
• K-means clustering 
• PCA 
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Features may not be independent 

Air temperature and relative humidity at the terrace in SC 4th floor 
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Examples (1)
Learning the concept by trying different parameters 

& going beyond linear regression
Using Supporting Vector Classifier (SVC) as an example

Parameters for the ‘hinge’ loss:

Error under which the fitting doesn’t care anymore!

Bias vs. variances. The smaller C, the large bias & small variance. Large C leads to over fitting 
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Examples (2)
manipulate the target in the fitting

Noise increasing

Y = 2x + 5 + 0.5x* noiseY = 2x + 5 + noise

The target is ’engineered’ by 
log to compensate its larger 
noise with increase of x

Large difference

small difference
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Hype Cycle for Emerging Technologies, 2021
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Be Ready,
Hawkeyes !Hawkeyes! UIOWA!
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Summary
• CBE in the Univ. of Iowa has taken concrete steps to improve and 

strengthen the teaching of big data science to their undergraduate 
students in the past 2-3 years:
– Added a numerical data analysis course that integrates classic numerical 

methods with modern programming/computing
– Added a statistics course that is hands-on and programming-centric for 

data analysis
– Revised process control course that now brings Python programing and 

modern software/sensors to incentivize students’ learning of data science. 
– Co-taught the Machine Learning Intro course that is of high interest to 

many undergraduate students. 
• Teaching data science appears to be more effective when

– Projects are hands-on or have a self-design component 
– Datasets are more tangible to people’s daily lives
– Problems require the integration of theory (including statistics), numerical 

methods, and programming  -- where rubbers meets road and fun begins!29



Food for thoughts
• Teaching big data science component to undergraduates in the field of chemical 

engineering can be challenging because many courses might be lab experiment 
centric. But, the market/societal needs are often evolving.

• Chemical engineering as a discipline appears to lag behind other engineering 
disciplines and the fields of physical science in teaching undergraduate students about 
big data science and techniques.

• Most undergraduate students are equipped with analytical tools using excel, but lack 
training in time series analysis, multivariate statistics, and programming skills to 
analyze the big data – don’t know how to let the computer do such data analysis jobs 
that are repeatable in nature.

• It is important to have a theme throughout the curriculum to ask students to solve 
problems from a big data perspective. How do you solve the many many problems that 
in nature are the same, but just having different data values for each problem? 

• Recommend for senior design project to have a big data component (if all possible). 
• Having students debug the codes together as a group can be fun and be equivalent to 

the team project or team lab experiment. 
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CBE faculty
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Now Hiring:
Open Rank Tenure-Track 
Faculty Position

We are particularly interested in candidates with 
research areas relating to:
q Design or formulation of instrumentation for 

Earth observation
q Development of novel sensor materials
q Advancing technology to study the atmosphere, 

climate, and/or Earth systems

To learn more and apply, visit: www.tinyurl.com/p3iowa 

in Chemical & Biochemical Engineering
The University of Iowa



Please join us.
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