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Background

 Engineers in the field are responsible for EDCM

Mechanical Eng.

(Petro) Chemical Eng.

Civil/construction Eng.

Electrical/comp Eng.

Biomedical Eng.

Other Eng.
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Problems

 Limited education for engineering students on EDCM standards

• Only 6.5% of over 5,300 US Higher Education Institutes offer emergency management programs.

• Existing safety courses in engineering departments are limited to engineering and technical safety:

 Occupational safety
 Chemical process safety
 Construction safety
 Industrial hygiene
 Lab safety

• Previous standards education efforts were focused on teaching occupational safety and health 
standards such as ISO 14001 (environmental) and ISO 45001 (OSH).

4



Project Objective

 Project objective

• To develop a publicly accessible and replicable education module/course on emergency, disaster, 
and crisis management (EDCM) standards for undergraduate and graduate engineering students. 

Spring 2025

Spring 2026

Spring 2026

Main focus of today’s talk 5



Project Approach

 Instructional Design – ‘ADDIE’ model

Analyze

Design

Develop

Implement

Evaluate

• Assess educational needs
• Identify problems

• Determine educational objectives
• Establish course structures
• Choose delivery and evaluation methods

• Develop flowchart
• Create course materials (lecture notes, slides, homework, exam, class activities)
• Conduct pilot instruction and seek feedback

• Train instructors and teaching assistants (TAs)
• Provide courses/course modules to students

• Conduct tests and evaluate the results
• Survey student feedback and recommendations
• Revise the course plans 6



Educational Needs

 Semi-structured interviews with three stakeholder groups

• Engineering students recruited from Texas Tech, N=13 (grad and UG)
• Faculty members recruited from multiple institutions, N=3
• Public safety professionals recruited from public safety organizations (fire, EMS, 

emergency management), N=4

 Convenience sampling and snowball sampling methods
 In-person and virtual (e.g., Zoom, Teams) interviews

 Texas Tech University IRB No. 2024-16
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Educational Needs 2

 Questions used in the interviews
• Importance, Asset, and Needs approach

Dimension Questions
Importance How important do you think it is to have an ability to manage emergency, disaster, and crisis as an 

engineer?
Why do you think it is important?
What emergency, disaster, or crisis made you think so?

Assets How much knowledge do you have of emergency, disaster, and crisis management (EDCM)?
What skills and knowledge of EDCM do you think engineering students (or engineers) are lacking?
What courses provided any of EDCM standards and guidelines?
What EDCM standards and guidelines did you learn (teach)?

Needs What specific learning elements do you want to see from the future courses?
What learning methods or learning environments do you think would be the best for the courses?
What skills and knowledge do you expect of engineering students when they graduate?
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Educational Needs 3

 Findings from the interview
• Thematic map

Skills and Knowledge of
EDCM Standards and Guidelines

Incident
Command

System

Personal safety
(“Don’t risk yourself)

Common 
terminology

Emergency
communication

Basic drills

Science of fire
and firefighting

Incident
action 

planning

Chain of 
command
/ Unified 

command

Financial
aspect

Insurance
policy and
process

Federal and
state funding

Evacuation
/ Sheltering

Emergency
shutdown

Psychological
aspect

First aid
/ CPR
/ AED

Response to
hazardous
materials

Engineering
knowledge

Coordination with
emergency responders

Emergency action

Design of safe
engineering systems

Panic control

Incident reporting

Mental health
support
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Spring 2026 Courses

Advanced System Safety Engineering
3-week module
(second iteration)

IE4306-001 (in-person, UG)

IE5306-001 (in-person, Grad)

IE5306-D01 (online, Grad)

Enrollment

N=29

N=16

N=12

Hours

T/TH, 12:30am-1:50pm

Emergency/disaster/crisis mgt principles & practices

A full elective
(first iteration)

IE4331-001 (in-person, UG)

IE5331-001 (in-person, Grad)

IE5331-D01 (online, Grad)

N=1

N=2

N=1

T/TH, 9:30am-10:50am
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Spring 2025 IE4306/5306 Course Overview

 Course Overview
Fundamentals of safety

Safety analysis methods

EDCM
3-week module

Advanced safety
concepts and methods

Date Topic(s) to be covered / Activity
Jan 15 (Thu) 1. Introduction and course overview
Jan 20 (Tue) 2. Safety terms and definitions
Jan 22 (Thu) 3. Systems safety process and safety management system
Jan 27 (Tue) 4. Safety standards and regulations
Jan 29 (Thu) 5. Safety indicators and incident statistics
Feb 3 (Tue) 6. Hierarchy of control
Feb 5 (Thu) 7. Major industrial incidents
Feb 10 (Tue) 8. Preliminary Hazard Analysis
Feb 12 (Thu) 9. Failure Mode and Effect Analysis (FMEA)
Feb 17 (Tue) 10. Fault Tree Analysis (FTA)
Feb 19 (Thu) 11. Event Tree Analysis (ETA)
Feb 24 (Tue) 12. Bow-tie Analysis
Feb 26 (Thu) Midterm exam 1
Mar 3 (Tue) 13. Process Safety Analysis – HAZOP/LOPA
Mar 5 (Thu) 13. Process Safety Analysis – HAZOP/LOPA
Mar 10 (Tue) 14. Human Reliability Analysis (HRA)
Mar 13 (Thu) Campus closure due to power outage
Mar 17 & 19 Spring Break, No Class
Mar 24 (Tue) 14. Human Reliability Analysis (HRA)
Mar 26 (Thu) 15. Emergency Management - A. Fundamentals
Mar 31 (Tue) 15. Emergency Management - A. Fundamentals
April 2 (Thu) 16. Emergency Management – B. Pre-incident Processes
April 7 (Tue) 16. Emergency Management – B. Pre-incident Processes
April 9 (Thu) 17. Emergency Management – C. Post-incident Processes
April 14 (Tue) 17. Emergency Management – C. Post-incident Processes
April 16 (Thu) Midterm exam 2 
April 21 (Tue) 18. Safety-I and Safety-II Approaches
April 23 (Thu) 19. Resilience Engineering
April 28 (Tue) 19. Resilience Engineering
April 30 (Thu) 20. Systems safety analysis method – AcciMap
May 5 (Thu) 21. Systems safety analysis method – FRAM
May 8 (Fri)

7:30-10:00pm
Final exam (comprehensive) 11



Spring 2025 IE4331/5331 Course Overview

 Course Overview

EDCM
3-week module

Fundamentals of EDCM

Pre-incident processes

Post-incident processes

Date Topic(s) to be covered / Activity
Jan 15 (Thu) 1. Introduction and course overview
Jan 20 (Tue) 2. EDCM Terms and definitions
Jan 22 (Thu) 3. Different types of EDCs and their impacts
Jan 27 (Tue) 4. Major EDCs in the history
Jan 29 (Thu) 5. Importance and needs for emergency planning
Feb 3 (Tue) 6. Roles of an emergency planner
Feb 5 (Thu) 7. Ethics of EDCM
Feb 10 (Tue) 8. Politics and legals issues of EDCM
Feb 12 (Thu) 9. Critical infrastructure in EDCM
Feb 17 (Tue) 10. Economics and logistics of EDCM
Feb 19 (Thu) Midterm exam 1
Feb 24 (Tue) 11. NRF: EDCM framework and guiding principles
Feb 26 (Thu) 11. NRF: EDCM framework and guiding principles
Mar 3 (Tue) 12. Critical community lifelines
Mar 5 (Thu) 13. Preparedness for EDCs
Mar 10 (Tue) 14. Developing emergency plans
Mar 13 (Thu) 14. Developing emergency plans
Mar 17 & 19 Spring Break, No Class
Mar 24 (Tue) 15. Emergency support functions
Mar 26 (Thu) 15. Emergency support functions
Mar 31 (Tue) 16. Emergent organizations during EDCs
April 2 (Thu) Midterm exam 2
April 7 (Tue) 17. NIMS-Resource management
April 9 (Thu) 17. NIMS-Command and coordination
April 14 (Tue) 17. NIMS-Information and communication
April 16 (Thu) 18. NIMS case studies
April 21 (Tue) 19. Financial aspects of EDCM
April 23 (Thu) 20. Psychological aspects of EDCM
April 28 (Tue) 21. Training and exercise for EDCM
April 30 (Thu) 22. Course summary
May 8 (Fri)

1:30-4:00pm
Final exam (comprehensive) 12



Course Description

 Description

Terms and definitions of emergency, disaster, and crisis management (EDCM), 
different types of EDCs, emergency planning, ethics in EDCM, political and legal 
aspects, critical infrastructure, economics and logistics of EDCM, National 
Response Framework (NRF), developing emergency plans, emergency support 
functions, and emergency organizations.
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Course Objectives & Learning Outcomes

 Objectives
This course aims to:

• Help students learn fundamental principles of emergency, disaster, and crisis management (EDCM)
• Help students understand the process of emergency planning and response.
• Help students apply the fundamental principles and processes of the EDCM to different incident 

contexts.
• Help students enhance skills and knowledge of managing emergency, disaster, and crisis.

 Learning outcomes

After successfully completing this course, students will be able to:
• Identify and understand fundamental EDCM theory and standards, 
• Understand basic terms, principles, and processes of EDCM,
• Apply the principles and processes of EDCM to real-world examples,
• Establish emergency plans for potential incidents.
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Major Teaching Components

 Foundational Components
• Terms and definitions of EDCM
• Emergency planning
• National Response Framework (NRF)
• Emergency Support Functions (ESF)
• NIMS – Resource Management
• NIMS – Command and Coordination
• NIMS – Information and Communication

 Other Essential Components
• Ethical aspects of EDCM
• Legal aspects of EDCM
• Economic aspects of EDCM
• Psychological aspects of EDCM
• Financial aspects of EDCM
• Training and education 15



Selected Teaching Materials

From Lecture 4. Importance of Emergency Planning

Using the instructor’s own 
journal paper to help 
students understand the 
applicability of emergency 
planning process to private 
sectors such as healthcare.
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Selected Teaching Materials 2

From Lecture 6. Ethical aspects of EDCM

Using the IAEM’s Code of 
Professional Conduct to 
explain ethical conducts 
during disasters.
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Selected Teaching Materials 3

From Lecture 7. Legal aspects of EDCM

Real-world example of 
disaster declaration for 
extremely cold weather 
across the state of Texas in 
January 2026.
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Selected Teaching Materials 4

From Lecture 17. NIMS Case Study – Hurricane Katrina

Crucial roles of disaster 
information and 
communication by taking an 
example of communication 
breakdown during 
Hurricane Katrina
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Assessments in IE 4331/5306 Spring 2026
Date Topic(s) to be covered / Activity
Jan 15 (Thu) 1. Introduction and course overview
Jan 20 (Tue) 2. Safety terms and definitions
Jan 22 (Thu) 3. Systems safety process and safety management system
Jan 27 (Tue) 4. Safety standards and regulations
Jan 29 (Thu) 5. Safety indicators and incident statistics
Feb 3 (Tue) 6. Hierarchy of control
Feb 5 (Thu) 7. Major industrial incidents
Feb 10 (Tue) 8. Preliminary Hazard Analysis
Feb 12 (Thu) 9. Failure Mode and Effect Analysis (FMEA)
Feb 17 (Tue) 10. Fault Tree Analysis (FTA)
Feb 19 (Thu) 11. Event Tree Analysis (ETA)
Feb 24 (Tue) 12. Bow-tie Analysis
Feb 26 (Thu) Midterm exam 1
Mar 3 (Tue) 13. Process Safety Analysis – HAZOP/LOPA
Mar 5 (Thu) 13. Process Safety Analysis – HAZOP/LOPA
Mar 10 (Tue) 14. Human Reliability Analysis (HRA)
Mar 13 (Thu) Campus closure due to power outage
Mar 17 & 19 Spring Break, No Class
Mar 24 (Tue) 14. Human Reliability Analysis (HRA)
Mar 26 (Thu) 15. Emergency Management - A. Fundamentals
Mar 31 (Tue) 15. Emergency Management - A. Fundamentals
April 2 (Thu) 16. Emergency Management – B. Pre-incident Processes
April 7 (Tue) 16. Emergency Management – B. Pre-incident Processes
April 9 (Thu) 17. Emergency Management – C. Post-incident Processes
April 14 (Tue) 17. Emergency Management – C. Post-incident Processes
April 16 (Thu) Midterm exam 2 
April 21 (Tue) 18. Safety-I and Safety-II Approaches
April 23 (Thu) 19. Resilience Engineering
April 28 (Tue) 19. Resilience Engineering
April 30 (Thu) 20. Systems safety analysis method – AcciMap
May 5 (Thu) 21. Systems safety analysis method – FRAM
May 8 (Fri)

7:30-10:00pm
Final exam (comprehensive)

Pre-learning knowledge assessment

Motivation survey

Learning strategies survey

EDCM
module

Post-learning knowledge assessment
Emotion survey
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Findings from Analysis

 Student Demographics
• The sample comprised 62 participants: 42 male (67.74%) and 18 female (29.03%), and two students 

(3.23%) who did not report their gender. 

• A total of 39 participants finished all surveys which included pretest, SRL and Emotion questionnaires, 
and posttest. 

Demography Categories Frequency Percent
Gender Male 25 64.10%

Female 14 35.90%
Race Asian or Asian American 13 33.33%

Hispanic or Latino 11 28.21%
White or Caucasian 10 25.64%
Black or African American 5 12.82%

Education Level Undergraduate 25 64.10%
Graduate 14 35.90%

 Texas Tech University IRB No. 2025-1099 21



Findings from Analysis 2

 Knowledge gain on EDCM standards

• A paired sample t-test was carried out to identify the EDCM knowledge difference.

• There was a significant EDCM knowledge difference before (M = 7.23, SD = 2.26) 
and after (M = 10.18, SD = 1.86, p < 0.05)  the module was taught.

• There were no differences in EDCM knowledge score, SRL (self-regulated 
learning), and emotional factors by gender (p > .05).

• In terms of educational level, independent t-test result showed graduate 
students (M = 19.81, SD = 2.52) had a significantly higher value component 
of motivation than undergraduate students (M = 17.69, SD = 2.11, p < .05). 

22



Findings from Analysis 3

 Association between measures

• Motivation, learning strategies, and emotion were not individually associated with 
knowledge gain.

- Adaptive motivation: r=.06, p=.743
- Overall learning strategies: r=.12, p=.490
- Test anxiety: r=-.17, p=.304.

• The combined measures of motivation, learning strategies, and emotion did not 
meaningfully predict knowledge gain.

- A joint model explained only 4.0% of gain variance.
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Main Takeaways

 In Terms of Project Objectives

To develop a publicly accessible and replicable education module/course on 
emergency, disaster, and crisis management (EDCM) standards for undergraduate 
and graduate engineering students. 

A 3-week module and a full elective course for EDCM standards have 
been developed and provided for both undergraduate and graduate 
engineering students.
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Main Takeaways 2

 Educational Needs

Educational needs 
identified from students, 
faculty, and professionals 
have informed the course 
content and structure in 
both the 3-week module 
and a full elective course.
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Main Takeaways 3

 Research on Education

• Data was collected not only for knowledge gain but also other factors such as 
motivation and learning strategies. (credit : Dr. Mihwa Park, TTU College of Education)

• Future research should be focused on identifying strong predictors on student 
learning and knowledge gain.
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Thanks!

Questions?

Changwon.son@ttu.edu
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