
Researching like an 
engineer
Dan Burleson, PhD
Instructional Associate Professor

SEFH Seminar 2022

Use the QR Code below to 
respond to two quick 

questions before we start!



The purpose of this 
session is to explore the 
engineering research 
process
How does that fit in the context and research scientific process?



Burleson

How do we 
leverage that 
motivation for 

solutions 
(projects)?

What 
motivates 

students to 
choose 

engineering 
problems? 



About my path and where 
I am today
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My Education

○ Elementary School – Homeschooled 
• Career Goal = Professional athlete

○ Catholic Middle School
• Career Goal = Meteorologist

○ Public High School
• Career Goal = Computer engineering
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College (undergraduate)

○ Graduated from  

University of Florida in 2009 

○ Studied Civil Engineering
• Focus on hydrology and water resources
• Design, construction, and maintenance of the physical and 

naturally built environment such as buildings, roads, and 
waterways
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What has all of this made me into 
today?

Dr. Dan Burleson

Doctorate (Ph.D.), 
Environmental Engineering
University of Houston – ’15

Expert hurricane risk and 
vulnerability of critical infrastructure 
to storm surge
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What is 
Environmental 
Engineering?



BurlesonWe model a little differently than this.



Burleson

Why is it important to model [research]?

Understanding Prediction Prevention
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Hurricane Katrina
Pilot Town, LA
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Where are we vulnerable?



Burleson

Understanding the complexity of 
spill scenarios in the HSC 

Existing HSC model (Howell, 2012) linked to 
SWAN+ADCIRC using a surge boundary condition

Understanding the complexity of spill 
scenarios in the HSC 

Existing HSC model (Howell, 2012) linked to SWAN+ADCIRC 
using a surge boundary condition
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Pollutant Spill Setup:
Conservative dye tracer 
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3 Spill Locations: 
(1) Facility 1
(2) Facility 5
(3) Facility 9

Pollutant Spill Scenarios

3 Spill Timing: 
(1) Before peak
(2) At peak
(3) After peak

27 modeled spill scenarios

3 Hurricane Scenarios
(1) Hurricane Ike
(2) Hurricane Ike at Point 7
(3) Hurricane Ike at point 7 
with 30% increase in winds

3	Spill	Locations:	
(1) Facility	1
(2) Facility	5
(3) Facility	9

Pollutant	Spill	Scenarios

3	Spill	Timing:	
(1) Before	peak
(2) At	peak
(3) After	peak

27	modeled	spill	scenarios

3	Hurricane	Scenarios
(1) Hurricane	Ike
(2) Hurricane	Ike	at	Point	7
(3) Hurricane	Ike	at	point	7	
with	30%	increase	in	winds
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Effect of 
Hurricane 
Intensity:

______________
_

Spill from 
Facility 1 at 
peak storm 

surge

Hurricane Ike at Point 7

Hurricane Ike at Point 7 with 30% increase 
in winds
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2015 – Present

University of Houston
18

Instructional 
Associate Professor

Founding Faculty
First Year Experience

Director for Engineering 
Student Innovation and 

Design Experience

Director, UH Grand 
Challenge Scholars 

Program
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University of Houston
19

Instructional 
Associate Professor

Founding Faculty
First Year Experience

Director for Engineering 
Student Innovation and 

Design Experience

Director, UH Grand 
Challenge Scholars 

Program
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In my classes, we 
talk about thinking 
like an engineer.  

Today we are 
going to connect 
that with how to 

RESEARCH like an 
engineer. 
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Typical Scientific Process 

1. Purpose: Ask a question about a topic that can be tested.

2. Research: Plan your investigation.
3. Hypothesis: Make a prediction about what you think will happen.

4. Experiment: Conduct the investigation and collect data about what 
occurred.

5. Analysis: Review your data and think about why.

6. Conclusion: Explain what you figured out by exploring the topic.
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Engineering Design 
Challenge using the 
scientific process

Paper airplanes
[10 minutes]

Complete the scientific process for creating a 
paper airplane.  

This is intentional vague. You define the 
purpose, hypothesis, experiment, and analysis. 

Materials include: 
• Paper (different types of paper)

Use the paper 
provided to test it 

out! 
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Questions to consider:

23

What was 
hard to fit? 

What did you 
feel like was 

missing? 
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What you said

24

Engineering Research
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Design 

25

Engineering design is the process of devising a system, component, or process to meet desired 
needs. It is a decision-making process (often iterative), in which the basic science and mathematics 
and engineering sciences are applied to convert resources optimally to meet a stated objective. 
Among the fundamental elements of the design process are the establishment of objectives and 
criteria, synthesis, analysis, construction, testing and evaluation. The engineering design 
component of a curriculum must include most of the following features: development of student 
creativity, use of open-ended problems, development and use of modern design theory and 
methodology, formulation of design problem statements and specification, consideration of 
alternative solutions, feasibility considerations, production processes, concurrent engineering 
design, and detailed system description. Further it is essential to include a variety of realistic 
constraints, such as economic factors, safety, reliability, aesthetics, ethics and social impact."

Elsewhere in the ABET criteria for accreditation, they stress the use of teams in solving problems 
and performing designs.
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Typical Scientific 
Process 
1. Purpose: Ask a question about a 

topic that can be tested.

2. Research: Plan your investigation.

3. Hypothesis: Make a prediction about 
what you think will happen.

4. Experiment: Conduct the 
investigation and collect data about 
what occurred.

5. Analysis: Review your data and think 
about why.

6. Conclusion: Explain what you figured 
out by exploring the topic.
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Difference in Scientific Method and Engineering Process
leads to engineering research!

The Scientific Method The Engineering Process

State your question Define a need

Do background research Do background research

Formulate your hypothesis, identify 
variables Establish design criteria

Design experiment, establish procedure Prepare preliminary designs

Test your hypothesis by doing an 
experiment Build and test a prototype

Analyze your results & draw conclusions Test & redesign as necessary

Present results Present results
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Engineering 
Research
○ Research that produces 

fundamental knowledge 
(understanding what is 
happening) 

○ Research to creates an 
invention (using 
understanding in a 
unique way)



Burleson

problem to question
How do we get there?

29

The Scientific Method The Engineering Process

State your question Define a need
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Design Criteria as Variables and Hypothesis
The Scientific Method The Engineering Process

Formulate your hypothesis, identify 
variables Establish design criteria
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Designs & Results 

The Scientific Method The Engineering Process

Design experiment, establish procedure Prepare preliminary designs

Test your hypothesis by doing an 
experiment Build and test a prototype

Analyze your results & draw conclusions Test & redesign as necessary
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Effect of 
Hurricane 
Intensity:

______________
_

Spill from 
Facility 1 at 
peak storm 

surge

Hurricane Ike at Point 7

Hurricane Ike at Point 7 with 30% increase 
in winds

Redesign & Retest is in your Data Analysis & Graph



What do your 
engineering research 
steps look like?
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My proposed 
engineering research 
process
1. Problem

2. Background

3. Critical Factors 

4. Fundamental Question: Do you want to 
understand the factors or use the factors to 
create?

5. Define different designs. 

6. What are you 
measuring/recording/comparing?

7. Perform tests 

8. Analyze results

9. Conclusion & FUTURE WORK



What does 
other research 
look like in 
engineering?
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I am working with a research team that 
investigates High Voltage Direct Current systems 
(HVDC), mainly for power transmission. My job is 

mainly to do simulations on a software called 
COMSOL in order to investigate the behavior on 

the materials of transmission cables at high 
voltages.

Jesus Silva Rodriguez 

Technical University Dortmund, in Dortmund, Germany
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“This is the last day of the trip to Argonne National Lab. 
Incredibly busy, but got some great data / results! This is a 
picture of the gigantic setup that brings electrons from the 

particle accelerator to our specimen to produce our tomography 
images.”

Javi Solano
Javi Solano



Thank 
You

Dan Burleson, PhD

713 743 0461

dwburleson@uh.edu

https://www.linkedin.com/in/dan-burleson/

mailto:dwburleson@uh.edu
https://www.linkedin.com/in/dan-burleson/

