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Introduction

= Growing Threats from Emergencies, Disasters, and Crises

$180B*
125B*
> Fukushima Daiichi
JIUREER Hurricane Katrina - Nuclear Meltdown -
9/11 WTC Attack (2005) Deepwater Horizon (2011) CA Camp Fire
(2001) | (2010) (2018)

$422B*
SQSB* $14SB*

* Economic losses
without inflation
in US Dollar

And the list goes on...




Background

= Engineers responsible for emergency, disaster, and crisis management (EDCM)

Different engineering training Engineering sectors Emergency, disaster, and crisis
> O
Industrial engineering
2 R
Mechanical engineering
. J

Civil engineering

Chemical engineering

Electrical engineering

{ Other Eng. }




Background (con’t)

u COmPIEXIty of EDCM Emergenc
gency Associated EDCM guidelines and standards
(local)
~ * Hurricane * Federal Emergency Management Agency (FEMA)
*  Wildfire * National Fire Protection Agency (NFPA)
Natural < * Flooding * Occupational Safety and Health Administration
threats e Tornado (OSHA)
*  Winter storm
\_°*+ etcetera * Environmental Protection Agency (EPA)

* National Institute of Occupational Safety and
~ * Incidents at work Health (NIOSH)

Technical * Fireand epr05|or-1 * Centers for Disease Control and Prevention (CDC)
* Hazardous materials release
threats . Workplace violence * Department of Transportation (DOT)
- (e.g., mass shooting) * Pipeline and Hazardous Materials Safety
Administration (PHMSA)
Public . public pandemi
health ubIIC pandemic Disaster/crisis

e QOpioid crisis
threats (large-scale)



Motivation

* Limited education for engineering students on EDCM standards

* Only 6.5% of over 5,300 US Higher Education Institutes offer emergency management programs [1].

* Existing safety courses in engineering departments are S <
limited to engineering and technical safety: S : .

- 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
1ISO 14001 (environmental) and ISO 45001 (OSH) [2,3]




Goals & Objective

= QOverall Goal

 Toenhance engineering students’ knowledge of emergency, disaster, and crisis management
(EDCM) guidelines and standards

= Objective of the current task

* Toidentify educational needs for EDCM guidelines and standards among engineering students
* Todevelop and deliver a 3-week education module for engineering students



Overall Project Approach

= |nstruction Design: ‘ADDIE’ Model [4]

i 1 - ducational need

Analyze IA:jsses.s educational needs
L ) entify problems
r + \ °* Determine educational objectives

Design * Establish course structures

\ * / + Choosedelivery and evaluation methods
r \ °* Develop flowchart

QEVE|Op * Create course materials (lecture notes, slides, homework, exam, class activities)
~ + # + Conduct pilot instruction and seek feedback
( 1 + Traininstructors and teaching assistants (TAs)

lm plement * Provide courses/course modules to students

. J
4 * Y\ °* Conduct tests and evaluate the results

Eva luate e Survey student feedback and recommendations
\. J

* Revisethe course plans



Method (slide 1 of 3)

= Semi-structured interviews with three stakeholder groups

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

Public safety

Engineering students Faculty members )
professionals

* N=13(grad and UG) e N=3 e N=4
* Recruited from Texas Tech e Recruited from multiple * Recruited from public safety
institutions organizations (fire, EMS,

emergency management)



Method (slide 2 of 3)

= Questions used in the interviews

* Importance, Asset, and Needs approach [5]

Dimension Questions

Importance e How important do you think it is to have an ability to manage emergency, disaster, and crisis as an engineer?
e Why do you think it is important?
e What emergency, disaster, or crisis made you think so?
Assets e How much knowledge do you have of emergency, disaster, and crisis management (EDCM)?
e What skills and knowledge of EDCM do you think engineering students (or engineers) are lacking?
e What courses provided any of EDCM standards and guidelines?
e What EDCM standards and guidelines did you learn (teach)?
Needs e What specific learning elements do you want to see from the future courses?

e What learning methods or learning environments do you think would be the best for the courses?
e What skills and knowledge do you expect of engineering students when they graduate?




Method (slide 3 of 3)

= Analysis of Qualitative Data

* Interview recordings (audio) were transcribed by ‘ReV’, Al-based transcribing service

* Emerging themes were identified using Thematic Analysis [6] and ‘Atlas.ti’, a QDA software program

@Qrev @ATLAS.ti

QUALITATIVE DATA ANALYSIS




Findings (slide 1 of 9)

= High importance of EDCM education

* All participants (20/20) stated that EDCM education among engineering students is important.

”As an engineer, | know that essential services that we provide to the whole society can't be
interrupted. Basically, if your activity 1s so important, energy production for example, you need
to be able to manage the crisis in an overall way." (FG#04-A)

"For us, engineers play a critical role as subject matter experts per se, and we rely heavily on
them when we're in situations that we're unsure of the outcome because of either a structure or a

chemical or something along those lines that would impact the safety of us doing our job."
(S#003)



Findings (slide 2 of 9)

= Very limited existing EDCM assets among engineering students
e Little to no education on EDCM guidelines and standards in graduate and undergraduate courses

A few participated in rudimentary drills and training only

- Fire drill, evacuation drill, active shooter drill

 Onlyone(1/13) student took courses related to EDCM
(=attended fire academy).




Findings (slide 3 of 9)

= Huge needs for EDCM education for engineering students

* Thematic map for

. First aid Common terminology
/AED (“Don’t risk yourself)

Emergency Incident reporting

Design of safe
engineering systems

. communication
Evacuation Coordination with
/ Sheltering Emergency emergency responders
_________________ shutdown
Incident
action planning e ~
i C’”Cide”d i Insurance
omman .
i System i Skills and Knowledge of - policy and
Chain of command N e y EDCM Standards and Guidelines \r Financial _ process
/ Unified command | aspect
r"L;"T S Federal and
| Engineering | it state funding
| knowledge ! | Psychological i
4 { aspect ]
04

Response to
hazardous Panic control
materials

Mental health
support

Science of fire
and firefighting



Findings (slide 4 of 9)

= Basic emergency drills

* Evacuation from fire, hurricane, and wildfire
* How to conduct first aid and CPR (cardiopulmonary resuscitation)
 How to use AED (automated electric defibrillator)




Findings (slide 5 of 9)

= Emergency actions to mitigate consequences

* Emergency shutdown of a hazardous process or the entire system

* Emergency communication

- Common terminology
- How to report an incident to public safety authorities
- How to coordinate and collaborate with emergency responders

"That's definitely a good thing to be able to do because they show up and you're not exactly
sure how to explain the situation. It might cause the responders to take longer to assess the
situation and they may not be knowing exactly what to look for." (FG#02-A)




Findings (slide 6 of 9)

* |ncident Command System (ICS)

* Understanding about core principles of the ICS

- Incident action planning process
- Chain of command / transfer of command Aol cident

- Unified command Management System
- Resource management process !

- ICS structure

"I hope they have a plan. But if they don't incident action planning and how to implement it,
it is probably one of the biggest needs | could think of." (S#007)



Findings (slide 7 of 9)

= Engineering knowledge required for making systems safer

* Public safety professionals view engineers as a subject matter expert (SME)
* How to design safer engineering processes, equipment, and systems

« Understanding of fire science (e.g., fire triangle - heat, fuel, and oxygen)

* Response to hazardous materials (HazMat)

“Engineers are taught how to design things, but they're not taught to think
about failure, whether that's from a disaster or whether that's an accident,
or whether that bad design. And so, he said, where's the science of
failure?” (S#009).




Findings (slide 8 of 9)

= Psychological aspects of EDCM

* How to control panic and maintain calmness
* How to deal with mental health problems

“You don't hear that Control. Panic control. Panic control. It is just
apprehension of sorts that things are going terribly wrong, but the
situation may be a little bit better than just perceived. So, to regain your
own strength and conscience, | would think, “I can manage this situation.
I've been trained for it.” (FG#04-B).




Findings (slide 9 of 9)

= Financial aspects of EDCM

* Disaster insurance policies and reimbursement process
* Federal and state financial aids for disaster impacts

- US Department of Housing and Urban Development ( HUD) Community Development Block Grant —
Disaster Recovery (CDBG — DR)
- National Flood Insurance Program (NFIP)

CDBG-DISASTER RECOVERY PROGRAM




Implications for EDCM Standards Education

Importance of EDCM education for engineering students was clearly recognized.

Very limited EDCM education exists in higher education institutes in the US

Core components for EDCM education include:

* Basic skills and competencies — evacuation, firefighting, first aid, and CPR
* Emergency actions and communication

* Incident Command System — Incident planning process

* Psychological and financial aspects of EDCM

Our findings justify the needs for incorporating EDCM guidelines and standards into engineering
courses and curriculum.

Our findings inform the design of future EDCM courses for engineering students.



3-week Education Module (slide 1 of 5)

= QOverview

* Semester: Spring 2025 (Jan — May)

e Course No. and Title: IE 4306/5306 Advanced Systems Safety Engineering
e Students Enrolled: 90 in total

e 12:30pm—1:50pm, Tuesdays and Thursdays

- |E4306: UG, 35 students, in-person
- |E5306: Grad, 37 students, in-person
- |E5306D: Grad, 18 students, distance

® Qccupational
What US OSHA says ... O Safety and Health
Administration

‘OSHA strongly encourages employers to investigate all incidents in which a
worker was hurt, as well as close calls (sometimes called "near misses"), in
which a worker might have been hurt if the circumstances had been
slightly different.

In the past, the term "accident" was often used when referring to an
unplanned, unwanted event. To many, "accident" suggests an event that was
random, and could not have been prevented. Since nearly all worksite

fatalities, injuries, and illnesses are preventable, OSHA suggests using the
term "incident" investigation.’




3-week Education Module (slide 2 of 5)

= Course Syllabus

3-Week module for
EDCM Standards

=)

Date

Topic(s) to be covered / Activity

Jan 16 (Thu)
Jan 21 (Tue)
Jan 23 (Thu)
Jan 28 (Tue)
Jan 30 (Thu)
Feb 4 (Tue)

Feb 6 (Thu)

Feb 11 (Tue)
Feb 13 (Thu)
Feb 18 (Tue)
Feb 20 (Thu)
Feb 25 (Tue)

. Introduction and course overview

. Safety terms and definitions

. Systems safety process and safety management system
. Safety standards and regulations

. Safety indicators and incident statistics

. Hierarchy of control

. Major industrial incidents

. Preliminary Hazard Analysis

9. Failure Mode and Effect Analysis (FMEA)
10. Fault Tree Analysis (FTA)

11. Event Tree Analysis (ETA)

12. Bow-tie Analysis

N W=

Feb 27 (Thu) Midterm exam 1
Mar 4 (Tue) 13. Process Safety Analysis —- HAZOP/LOPA
Mar 6 (Thu) 14. Human Reliability Analysis (HRA)

Mar 11 (Tue)
Mar 13 (Thu)
Mar 18 & 20

Mar 25 (Tue)
Mar 27 (Thu)
April 1 (Tue)
April 3 (Thu)

15. Emergency Management — A. Fundamentals

15. Emergency Management — A. Fundamentals

Spring Break, No Class

16. Emergency Management — B. Pre-incident Processes
16. Emergency Management — B. Pre-incident Processes
17. Emergency Management — C. Post-incident Processes
17. Emergency Management — C. Post-incident Processes

April 8 (Tue)

Midterm exam 2

April 10 (Thu)
April 15 (Tue)
April 17 (Thu)
April 22 (Tue)
April 24 (Thu)
April 29 (Tue)

18. Safety-1 and Safety-II Approaches

18. Safety-I and Safety-II Approaches

19. Resilience Engineering

19. Resilience Engineering

20. Systems safety analysis method — AcciMap
21. Systems safety analysis method — FRAM




3-week Education Module (slide 3 of 5)

= Major Components of EDCM Standards — A. Fundamental

* Terms & Definitions fisrrs S B oS F
* DHS Organization
* Major Events

* Vulnerability and Hazards
* Mission Areas
* National Response Framework | oot ki

event occurred, but ma

Event occurred, but ma

* Critical Community Lifelines fhechelenes efrespor

<+ Continuum of Magnitude

* Emergency: An event, u

Local emergency respor
affected by the incident
The response is directec

Disaster Management Mission Areas smsm %

: % Five Mission Areas
agencies. * * Prevention: Avoiding, preventing, or stopping a threatened or

actual act of terrorism. Within the context of national
Protection

+ Disaster: An emergency

Fundamental Framework

increasing magnitude

++ National Response Framework (NRF)

* Foundational nationwide emergency management
doctrine

Recovery

= All-hazards approach —all types of incidents

+ Technical incidents
* Natural disasters
* Human-caused incidents

NRF’s Foundational Components smsma Iﬁ

% Critical Community Lifelines

National Response
Framework

= A community lifeline enables the continuous operation of critical government and
business functions and is essential to human health and safety or economic security.

Homeland
Security

Safety and security Health and medical Communications Hazardous materials

Food, water, and
shelter

Energy (power, fuel) Transportation



3-week Education Module (slide 4 of 5)

= Major Components of EDCM Standards — B. Pre-Incident Processes

e Basic Pre pa r‘edness Basic Preparedness for Disasters SHARELAB 'ﬁ
* Developing an Emergency Plan ¢ bwnirion Ssfnglenitord
* Principles of Emergency Planning " Getting nformed abou

= Developing an emerget

* Three Levels of Planning . e
) anning must be community-base
¢ Planning ApproaCheS * Leaming where to seek * Represent the whole population and their needs

= |dentifying the commu * Consider vulnerable populations such as low socio-economic status (SES) people, people with
disab|

* Includg

+* Principles of Emergency Planning

Collecting and assembl

= Learning what to do foi
= Practicing and maintair = Plannin, “+ Three Levels of Planning

* Plans = Planning should be flexible enough to address both traditional and catastrophic disasters

* Incluc

- Policy
. . s : Objectives
Emergency Planning SHARE LaB Iﬁ Strategic planning i Pri:mties

- Overall guidance

<+ Planning Approaches

- Roles
* Operations planning - Responsibilities
= Scenario-based planning . T
* Building potential scenarios for hazards or threats to the community.
* Analyzing the impact of the scenario to determine appropriate courses of action. - Personnel
* Considering hazard- or threat-specific assumptions. * Tactical planning - Equipment
- Supplies
- Resources

" Function-based planning (functional planning)

* ldentifying the common functions that a jurisdiction must perform during emergencies.

+ Defining the function to be performed and assigning government agencies and departments
responsible for the functions.




3-week Education Module slide 5 of 5)

= Major Components of EDCM Standards — C. Post-Incident Processes

* Government Financial Assistance Programs s oueSles, I
* National Incident Management System (NIMS) S
* Incident Command System (ICS) ik .3 |

* Fire Classification S P
* Hazardous Materials (HazMat) Response p——
* Psychological Aspects of Disasters b i ‘

Operations Planning Logistics Finance & Admin. 1
Section Section Section Section

Fire Classification SHARE S( LaB %f " T P 35
_ Ll ple Of HIER & mngmm::w’asxgu m;;::m:ﬂ:{:;::“ ::J.:.:E"‘
% NFPA Fire Classification CLASS OF FIRE TR, | arRove e
* Class A — Ordinary solids Type A
Y EB A Cu%’gl‘rjmalgles ngb?:pe« g,f:;c

= Class B — Flammable liquids

. . Gasoline, TypeAB;
= Class C - Electrical equipment E Fammable. | paiis, o, | TpeB.C:
grease Type AB-C

* Class D -~ Combustible metals

: . Live Electrical E';f,‘f;;f‘ TypeB-C;
= Class K- Commercial cooking or P Equipment | iote Type AB-C
kitchen equipment

Bucket

Combustible

Metals of Sand;

D Metal S

\ W Commercial | Commercial Vet
K Cooking | cookingoil |  Chemical

Equipment | appliances Class K

+ commens Trash
“Class wh

® used ed. For example, the ¥
4 be used afer 0 the kitchen
appliance has besn shut ofl.



Ongoing Work

= Analysis of Learning Assessment and Student Surveys

* Adapted Motivated Strategies for Learning Questionnaire (AMLSQ)
* Public Safety Motivation (PSM) Survey
* Learning Strategies Survey
* Class-related Emotions Survey

 Demographics



Future Plan

= Spring 2026
« 2nd3.week Module for students (IE4306/5306, Advanced Systems Safety Engineering)

- Updating course materials and assessment approaches

* Afull elective course for engineering students (IE 5331, Special Topics in Engineering)

- Course objectives

- Learning outcomes

- Teaching topics

- Course materials (e.g., lecture slides)
- Assessments



Project Outcome

= 2025 ASEE Conference Paper and Presentation

2025 ASEE Annual Conference & Exposition T

IIIIII (1 Py P < . o, L~} ~
...... Palais des congrés de Montréal, Montréal, QC + June 22-25, 2025 $)ASEE Paper ID #46939

Preparing for the Unexpected: Needs for Emergency, Disaster, and Crisis
Management Education Among Engineering Students
Mihwa Park, Texas Tech University

Dr. Mihwa Park is an Associate Professor of STEM education at Texas Tech University. Her research
interests involve developing measurement instruments to assess students’ understanding of scientific
concepts and their emotions when learning science. She is also interested in teachers’ emotions about
teaching science and teacher identity.

Dr. Changwon Son, Texas Tech University

Dr. Changwon Son is an Assistant Professor in the Department of Industrial, Manufacturing, & Systems
Engineering at Texas Tech University. Dr. Son is the principal investigator (PI) of a NIST-funded
engineering education project that is focused on developing educational contents for emergency, disaster,
and crisis management (EDCM) standards for engineering students. Dr. Son is the director of Safety,
Human factors, And Resilience Engineering (SHARE) Lab at Texas Tech. He is the recipient of George
T. and Gladys Abell-Hanger Faculty Award of Texas Tech University Whitacre College of Engineering.

Dr. Wesley Wehde, Texas Tech University

* Ajournal manuscript regarding the needs
assessment is under progress

* Planning to submit abstract to 2026 ASEE
Annual Conference

Preparing for the Unexpected: Needs for Emergency, Disaster, and Crisis
Management Education Among Engineering Students

Changwon Son', Mihwa Park?, and Wesley Wehde®

1 Department of Industrial, Manufacturing, & Systems Engineering, Texas Tech University, Lubbock, TX
2 Department of Curriculum and Instruction, Texas Tech University, Lubbock, TX
3 Department of Political Science, Texas Tech University, Lubbock, TX

Abstract

The risks of emergencies, disasters, and crises are continuously increasing and making
detrimental impacts on communities, especially engineering companies. Thus, engineers are
expected to possess necessary skills and knowledge for emergency, disaster, and crisis
management (EDCM). However, educational efforts for engineering students, many of whom
become engineers, have been lacking in institutions of higher education. As an mitial effort, the
current study aims to identify importance of EDCM standards and guidelines education, current
assets among engineering students, and recommended learning elements for future EDCM
education. Semi- structured mterviews and focus group discussions were conducted with a total
of 19 participants from three stakeholder groups: students, faculty members, and public safety
professionals. The mterviews and group discussions were audio-recorded and transcribed for a
Thematic Analysis, using Aflas.ti, a qualitative data analysis software program. Findings
mdicate that all participants agreed with the importance of education on EDCM standards and
guidelines among engineering students. In contrast, students received very basic safety training
without having advanced understanding about EDCM standards and guidelines such as FEMA.
Further, our study identified six learning elements recommended for future education and
training: (1) basic drills, (i1) emergency actions, (111) Incident Command System, (iv) engineering
knowledge, (v) psychological aspect, and (v1) financial aspect. These findings will inform the
design and provision of future courses and curricula to enhance EDCM skills and knowledge
among engineering students.

Keywords: Emergency, Disaster, Crisis, Standards, Educational Needs



Acknowledgements

+* NIST Standards Coordination Office Curricula Development Cooperative Agreement Program
National Institute of
N H Standards and Technology
U.S. Department of Commerce

¢ Participants in our study — students, faculty members, and public safety professionals
¢ Dr. Mihwa Park, College of Education, Texas Tech

*»* Dr. Wesley Wehde, Department of Political Science, Texas Tech



References

1 Federal Emergency Management Agency, “The FEMA Higher Education College List.” Accessed: Jan. 09, 2025.
[Online]. Available: https://training.fema.gov/hiedu/collegelist/

2 L.L. Greenwood and A. Marren, “Hit the Ground Running: Incorporating Risk-based Management Systems Standards
in the Curriculum to Enhance Career Readiness,” presented at the 2018 ASEE Northeast Section Conference, Hartford,

CT, 2018.
3 L. L.Greenwood, J. Schneider, and M. S. Valentine, “Setting a course for student success: standards-based curriculum

and capacity-building across risk prevention management system domains,” presented at the 2018 ASEE Mid-Atlantic

Section Spring Conference, Washington, DC, 2018.
4 C. Peterson (2003). Bringing ADDIE to life: Instructional design at its best. Journal of Educational Multimedia and

Hypermedia, 12(3), 227-241.



https://training.fema.gov/hiedu/collegelist/

E Z We share.
We care.
SHARE LAB

Thank you

Any Questions?

TEXAS TECH UNIVERSITY
From here, it’s possible.



	Emergency, Disaster, and Crisis Management Standards Education for Engineering Students:
Needs Assessment and Delivery of a 3-week Module
	This project is sponsored by
	Outline
	Introduction
	Background
	Background (con’t)
	Motivation
	Goals & Objective
	Overall Project Approach
	Method (slide 1 of 3)
	Method (slide 2 of 3)
	Method (slide 3 of 3)
	Findings (slide 1 of  9)
	Findings (slide 2 of  9)
	Findings (slide 3 of  9)
	Findings (slide 4 of  9)
	Findings (slide 5 of  9)
	Findings (slide 6 of  9)
	Findings (slide 7 of  9)
	Findings (slide 8 of  9) 
	Findings (slide 9 of  9)
	Implications for EDCM Standards Education
	3-week Education Module (slide 1 of 5)
	3-week Education Module (slide 2 of 5)
	3-week Education Module (slide 3 of 5)
	3-week Education Module (slide 4 of 5)
	3-week Education Module (slide 5 of 5)
	Ongoing Work
	Future Plan
	Project Outcome
	Acknowledgements
	References
	We share.
We care.



