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Web Based Interactive Medical Imaging Application for Teaching Nuclear
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Web-Based Interactive Computer Simulation and
Animation for Engineering Education

Outline

My background

2. NSF TUES program

3. Web-based interactive computer simulation and
animation (CSA) - a critical review

4. Demos of web-based interactive CSA learning

modules

Concluding remarks

e
L

1. My Background

* Mechanical engineering (PhD in 1994, MS in 1988, BS
in 1984)

Research interest: technology-enhanced learning
(clickers, tablet PCs, computer simulation and
animation, intelligent tutoring systems, ......

Associate professor in the Department of Engineering
Education at Utah State University




Department of Engineering Education
at Utah State University

« Within the College of Engineering http://eed.usu.edu/

e Teach: 2" year foundational engineering courses (Statics,
Dynamics, Strength of Materials, Electrical Circuits,
Computer-Aided Design, etc.)

« Research: Pedagogical research in engineering education

v' PhD in Engineering Education program: one of the only
three programs in the nation

v' 12 PhD students (these students have MS/BS in

engineering and are interested in educational research)

NSF/DUE STEM Programs That | Was Involved

¢ Transforming Undergraduate Education in Science,
Technology, Engineering and Mathematics (TUES) Program
(formerly CCLI program) that aims to improve undergraduate
education in STEM disciplines.

« Science, Technology, Engineering, and Mathematics Talent
Expansion Program (STEP) that aims to improve the
recruitment and retention of STEM undergraduates.

* NSF Scholarships in Science, Technology, Engineering, and 3;
Mathematics (S-STEM) Program that provides scholarships to ol

STEM undergraduates. 4

| « Advanced Technological Education (ATE) Program that aims ’ 1
|

to improve technology education in community colleges. &
'
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2. NSF TUES Program

The vision of the TUES program is excellent STEM education for
all undergraduate students, especially providing “transformative”
learning experiences for students.

TUES Program Solicitation NSF 10-544 5_2




Most Up-to-Date

CAUSE (Catalyzing Advances in Undergraduate STEM Education) is an
NSF-wide investment that incorporates funding from established
programs in the EHR directorate and other NSF directorates funded
though the Research and Related Activities (R&RA) account. It is created
by consolidating three Division of Undergraduate Education (DUE)
programs: STEM Talent Expansion Program (STEP), Widening
Implementation and Demonstration of Evidence- based Reforms
(WIDER), and Transforming Undergraduate Education in STEM (TUES);
several R&RA programs: BIO’s Transforming Undergraduate Biology
Education (TUBE); ENG’s Research in Engineering Education and
Nanotechnology Undergraduate Education (NUE); GEO’s Geosciences
Education and Opportunities for Enhancing Diversity in the Geosciences
(OEDG); and the cross-NSF program, Climate Change Education (CCE).

FY 2014 NSF Budget Request to Congress

TUES Program

< Creating Learning Materials and Strategies
v’ Ex: web-based, interactive learning modules
v' Ex: learning materials for mobile learning (iphone, ipad,...)

« Implementing New Instructional Strategies
v’ Ex: Peer-led guided inquiry
v' Ex: Collaborative problem-based learning

« Developing Faculty Expertise
v' Ex: faculty development workshops
v' Ex: virtual community of practices

TUES Program (Continued)

» Assessing and Evaluating Student Achievement
v' Ex: assessment of students’ self-regulated learning skills
v' Ex: assessment of students’ problem-solving skills

» Conducting Research on Undergraduate STEM Education
v" Ex: How do students learn foundational engineering
concepts?
v’ Ex: What factors critically affect student retention?
v" Ex: How to best design wed-based learning materials to
optimize student learning outcomes, given diverse student
populations (gender, learning styles, cultural background, ... )




Three Types

201 J

* Type I: $200 K, 2-3 years, typically a single institution

« Type Il: up to $600K, 2-4 years, multiple institutions

i « Type Ill: up to $5M, over 5 years, multiple institutions |

Key Points

In addition to excellent project ideas, implementation and
evaluation plans, the project should:

Provide “transformative™ learning experiences for
students.

Broadly disseminate project results to facilitate the
adoption /adaption at peer institutions.
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Advantages of Computer Simulation
and Animation (CSA)

« Properly designed CSA helps improve students’ spatial
abstract thinking skills by enabling students to visualize
various science and engineering phenomena.

« Particularly attractive to many contemporary tech-savvy
students as it promotes active and collaborative learning,
and can be easily and widely adopted at both formal and
informal education sites with no requirement for
expensive physical facilities and instrumentations.

of Forest Growth

¢

Engineering Design

| Learning

An Inquiry-Based Simulation Learning Environment for the Ecology

Education Research Grant: Encouraging Students to Pursue
Undergraduate Degrees in STEM Fields by Exposing them to
Fundamental STEM Paradigms via Interactive Visual Arts Modules

| Introduction of Simulation Learning and Optimization to Support

DIYModeling -- Do It Yourself Modeling and Simulation for STEM

- Modernizing the Undergraduate Power Engineering Curriculum with
| Real-Time Digital Simulation

| Interactive Simulation for Teaching Engineering Economics
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Examples of NSF-Funded CSA Projects

Development of Virtual CNC Machine Tools and Web-Based
Machining Process Simulation and Learning

Missouri University of
Science and
Technology

Hampshire College

Morehouse College

University of Illinois at
Urbana-Champaign
Texas Southern |
University |
Missouri University of
Science and
Technology

Rowan University

Purpose of Literature Review

4

Purpose: understand the current status of design and
implementation of computer simulation and
animation (CSA) programs/modules

Scope: limited in foundational engineering

mechanics courses: Statics, Dynamics, Engineering
Mechanics, Strength of Materials; and several high
school physics/mechanics




An Example Study

An animated motorcycle module (Stanley, 2008): Why does the
acceleration vector change direction and magnitude as it moves
along the trajectory?

Study Characteristics

« Student learning outcomes
« Sample size of study
« Area of study

« Authoring software
* Proprietary

« Mathematical equations

User controls
Other media
Experimental design

Data collection

Results

TR (19961 | " [wwccrimnming  [S00104]| Dywmcy |Mscomedafum | 8 | 1 | ~Anemstoncorom | Wan | Gae-3o e My | - Guntiorar
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Results (Continued)

Sample
Study Learning outcomes e
Hubing et al. (2002) | * Enhance learning 51 Statics. Adobe Flash N
* Enhance visualization
* Gain Motivation
Mazzei (2003) * Enhance learning 100 | Dynamics MSC Adarms. ¥
* Enhance visualization
* Gain Enjoyment
William et al. (2007) | * Enhance learning 26 | Highschool Freeos pastially free N
Physics (HTML, C#+, DirectX,
and OpendlL) ‘
Stanley (2008, 2009) | * Enhance kearning T Dynamics Adobe Flash N
* Enhance visualization
* Gain Enjoyrment
Defiktas (2011) * Enhance kearning 383 | Engineering Macromesdia Flash N i
. i i Mechani
* Gain Enjoyment

Math Other Data collection
Study BT, User Controls media | EXPeriment Design Meth
Hubing et al. (2002) ¥ * Animati 4 None L 1] *
* Content Control Comparison Design analysis
® User inputs * Performance Test
* Questionnaire
Mazzel (2003) ¥ * Content Control None | One-ShotCase Study | * Questionnaire
* Liser inputs.
William et al. (2007) N * Animation contred | Haptic | One-ShotCase Study | * Comment content
* Content Control anabysis
* User inputs * Questionnaire
Stanley (2008, 2009] N * Animation controd | None | One-ShotCase Study | * Questionnalre |
* Content Control I
* User inputs |
Deliktas (2011) ¥ * Animation control Video | One-Shot Case Study * Questionnaire ;
* Content Control
* User inputs |




Student learning Data collection
outcomes User control methods
100%
v g% 1008 1% 1% oo
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Area of study Sample sizes
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Suggestions

Design of CSA programs/modules:
« More animation controls
« Diverse representations of information

» Free web browser plug-ins

* Mathematic equations
* “Copy & Paste”
Assessment of student learning outcomes: |
« Random assignments %
< Control group, pre and post tests :
« Diverse methods of data collection and more B
performance tests ?

LEp ORI L T '- A .' SR s

4. Demos of Web-Based Interactive CSA
Learning Modules

* TUES Type 2 project “Improving Students’ Problem-Solving in
Engineering Dynamics Through Interactive Web-based
Simulation and Animation Modules” (2011-2015)

0 it
- 1
Phase I (1.5 years): Develop a unique set of CSA modules for
both particle and rigid-body dynamics S
P
-

« Phase Il (2.5 years): Assess the effectiveness of the developed
CSA modules using the quasi-experimental research design
method: control group and treatment group.

e e
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Engineering Dynamics

« High-enrollment and high-impact, core engineering course
that nearly all mechanical, civil, and aerospace engineering
students are required to take.

« Covering a broad spectrum of foundational concepts and
principles, such as motion, force and acceleration, work and
energy, impulse and momentum, and vibration.

A

* One of the most difficult engineering courses to succeed in. 1
In the Fundamentals of Engineering examination in 2009, the

national average score for the Engineering Dynamics exam 2

was only 53%.

72
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Challenges of Student Learning in Dynamics

« Spatial abstract thinking and reasoning skills to
correctly understand what physically happens in a
dynamics phenomenon and to identify correct
dynamics concepts and principles associated with
that particular phenomenon.

¢ Analytical and mathematical modeling skills to
help students translate their physical understanding
into mathematical equations that accurately explain
and describe why that particular dynamics
phenomenon occurs and how it evolves.

Features of the New CSA Learning Modules

\ i

« Integrates visualization with mathematical modeling

< Interactive computer graphical user interface allows
students to vary inputs and see how the numerical
numbers in mathematical equations change,
simultaneously and dynamically, as a physical object
moves in a space

Web-based and stand-alone computer software program.

Examples of the CSA Learning Modules

Leaming Otyective Which Block A Moves Faster?

Gitvews e b Coelfh
L ik A s the g, = 9.3
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A)
Demos of web-based intéractive
CSA learning mod

Research Question

rll J

To what extent the developed CSA modules improve
students’ conceptual as well as procedural knowledge (skills)
N of engineering dynamics?

Research Design

Quasi-experimental research design, surveys, and interviews

e
Student groups Pratests | Treatment Pos-tests
Conirol group (1.2, comparison o o
group)

Cuasi-experimental {Le.,
treatment group) o 2 8

Post-test score (%) - Pre-test score (%)
100 (%) - Pre-test score (%)

Learning gain =

11




Student Participants

h i

Control semester: 86 students from three departments:
mechanical and aerospace engineering, civil and
17 environmental engineering, biological engineering

Treatment semester: 94 students from the above three
engineering departments ™

Preliminary Results

100% 100% —_—
80% AN 80%
60% N 60%
40% 40% __pretest -
209 |~Pretest 20947 Posttest
——Posttest
0% . 0% !
0 2 4 6 0 2 4 6
CSA Module 2
« Control semester: Class-average learning gain 16%
« Treatment semester: Class-average learning gain 62% i

Continued

90% 100%
80% N 90% e
70% - - 80%
60% - 70%
50% » 60% /
o o
0% al x 0%
20% —a—Pre o Post 20%
10% 10%

0% 0%

o 1 2 3 a 5 6 0 1 2 3 4 5 6

CSA Module 4

« Control semester: Class-average learning gain 21%
Treatment semester: Class-average learning gain 69%

12




Student Comments

“When visual and math come together, see and understand
much better.”

“I was able to see the math laid out in front of me. Then |
can see the physics as it moves in real life. This links the
tWo.”

“They helped me see that happens and see why.”
“I could see how different factors changed the simulation
and in what way.”

“They helped me visualize the relationships of how the
mathematics changes when the calculations are altered.”

Student Comments

“Seeing physical demonstrations definitely helps to
understand what the math is describing.”

“They help me connect what is happening conceptually to
mathematically.”

“It helped me visualize what was happening & see how the
physics and mathematics were related.”

“The computer simulation made it possible to visualize
some concepts that were not as easy to see just on paper.”
“It was nice to “instantly” see if my intuition was correct or
not.”

“For some of the problems my institution was incorrect and
the computer simulations helped illustrate the mathematical
proof of the problem.”

PTG CIAETTNC AN T TR T

]

5. Concluding Remarks

If designed properly, web-based interactive computer
simulation and animation (CSA) programs/modules
can improve student learning.

When designing CSA programs/modules, it is
suggested to consider:

v More animation controls

v' Diverse representations of information

v" Free web browser plug-ins

v Mathematic equations

13
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Weizhao Zhao, Ph.D.
Department of Biomedical Engineering
University of Miami, Coral Gables, Florida

Background:

BME education has developed as an interdisciplinary
engineering training area in the last 30 years.

Medical Imaging is a required training area in BME
and almost any health care related major, e.g., medical
physics, health science.

Medical Imaging techniques are applied in clinical
and research laboratories on a daily basis.

Medical Imaging instrument is usually unavailable
(even available, it is usually not accessible).

Background:

BME Undergraduate Enroliment
in USA Colleges (2012)

25000

20000 18317

15802 16671

15000

10946
10000 9324
6340 7165
sooo 1 [

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

http://www.asee.org/papers-and-publications/publications/11-47.pdf
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Background:

BME Programs, Medical Imaging Courses
in USA Colleges (2010)

15

BME Program  w/Grad Img wiUnder Img wiOnline wiOnline
Course Course D Simu.

http://mis.eng.miami.edu/survey

Background:

Organization Chart

Background:

EHR Directorate
Graduate Education (DGE)

Research on Learning in Formal and Informal Settings (DRL)

Undergraduate Education (DUE)
Human Resource Development (HRD)

ENG Directorate

Chemical, Bioengineering

Environmental, and Transport Systems (CBET)

Civil, Mechanical and Manufacturing Innovation (CMMI
Electrical, Communications and Cyber Systems (ECCS)
Engineering Education and Centers (EEC

Emerging Frontiers in Research and Innovation (EFRI

Industrial Innovation and Partnerships (11P)

16




History:

NSF CCLI DUEQ0127290 (2001-2004)
“Proof of Concept”

NSF CCLI DUE0632752 (2006-2009)
“Build a Prototype”

NSF TUES DUE1022750 (2010-2014, Current)
“Expansion Development”

Florida Atlantic University
Florida International University
University of Miami

Collaborative Development and Application of
Distributable, Internet Accessible, Interactive
Medical Imaging Teaching Software (MITS) and
Dynamic Assessment Tracking System (DATS)

Motivation

You hear, you forget.

You see, you remember.

You do, you understand.

What do you see and what do you do?
A picture is worth a thousand words: you see!
A moving picture is even better: you see more!

An interactive moving picture is better than a simple
moving pictures: you do too!

17




Hypothesis

Web-based interactive teaching model increases
student learning gain in the field of medical
imaging education, particularly for biomedical

engineering students.

Objective

« Develop an online learning environment to help
successfully deliver medical imaging curriculum

MITS: Medical Imaging Teaching Software

» Develop an online tracking platform to evaluate
teaching effectiveness and assess student learning gain

DATS: Dynamic Assessment Tracking System

Curriculum in UM’s BME

BMES520
Med Img System

BME330 BME629
Foundation of Med Img Adv Med Img

BME521
Med Img Appl




MITS.: The Design

Modality
Module

Component

MITS: Online Interactive Learning

MEDICAL IMAGING TEACHING SOFTWARE

Supporting Components

Background ][ TextFigure

MITS: teaching tool and learning environment

MITS. Dynamically Generated Webpage

/" HEATED TUNGSTEN FILAMENT

19




Animation and Simulation

General Radiation Characteristic Radiation

Animation and Simulation

Animation Example

Either you can explain the following equation and ask
student to write codes to simulate CT projection...

p(x',8) = 2 f(x-cos@+ y-sin@,—x-sin@+y- cos<9)

verticle axis

=> f(x-cosf+y-sing,y) Vo
=

And explain the following equation and ask students to
write codes to simulate CT reconstruction...

g(x,y)=> p(x',0)=>_ p(x-cosf+y-sing,0) Vo

Animation and Simulation

20
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DATS.: Online Assessment Database

Pre-Modality Test (4~5 concept questions)
Pre-Module Test (1~2 concept questions) Web-based Module |

Post-Module Test (1~2 concept questions)

Pre-Module Test (1~2 concept questions)

Post-Module Test (1~2 concept questions)

Modality Teaching
Learning

MODALITY 1 Assessment

Post-Modality Test (10~20 questions) c reaching )
ourse leaching

Learning Evaluation ‘
Final Review Test (40~50 questions)

21




DATS: Module Information

MIS Management

DATS: Manager of MITS

Modality bebormation

Modsty O St Puat Madality Quis

Application: Hybrid Approach

Web-Modality Pre-test

Web-Module Pre-quiz
Web-Reading/Practicing
Web-Module Post-quiz

Classroom Lecture (Module)
Class Homework/Project

Web-Modality Post-test

22




Animation and Simulation:

X-ray Modality:

Animation and Simulation:

CT Modality:

Simulation

Animation and Simulation:

MRI Modality:

Simulation
Simulation

23




Animation and Simulation:

Nuclear Medicine Modalities:

»To be uploaded by FIU
»To be uploaded simulations by FIU

Animation and Simulation:

Ultrasound Imaging Modality:

»To be uploaded by FAU
»To be uploaded simulations by FAU

Collaboration:
+ Contacted:

y Un
» Rose-Hulman Institute of Technology (MP), NJ
» Wentworth Institute of Technology (BME), MA
» Catholic University of America (ECE/BME), DC
» Prairie View A&M University (PHY/BME), TX
> University of North Carolina (BME), NC
» Broward College (HS), FL

» Participating

24




Application:

BME330: Foundation of Medical Imaging

BMES520: Medical Imaging System

Results Subjective perception information

21 student responses
Rating 5:strongly agree — 1:strongly disagree

. The simulation protocol is well organized (%)

. The interface of the protocol is user-friendly (*)

. The protocol provides you ample opportunities lo gain
knowledge, skill and technique that traditional lecture or
textbook cannot provide (*, #) |

. The visual feature stimulates your interest of learning a
subject (*) |

. The physics and malhematics concepts link closely the
angineering implementation (°, #) |

. Simulation exercises enhance your understanding to a
particutar modality (*, #) |

. Overall usefulness of the simulation protocol to current
course (*, #)

Results Factual information

214 students (154 undergraduates) took medical imaging courses
For modality X-ray and CT (pre/post test)

[€]272N All Prob. Concept Prob. Projects
Pre (n=23)  3.42+0.34 82+9% 76+5% 82+5%
Post (n=21) '3.46+0.44  °89+8% ’91+6% *90+6%

1:p<0.7 2:p<0.1 3:p<0.05




Results Learning Gain

Result: Concept understanding quiz (BME520)

Basic Concepts of Medical Imaging 2011 (Before) Basic Concepts of Medical Imaging 2011 (After)
25

(Y

123 456 7 8 91011121314 15 16 17 123456 7 8 9101112121415 1617
Concepts Concepts

Learning Gain (2011):
LG = (post-pre)/(100-pre) = 0.36 £ 0.28

Results  Subjective perception
Result: Survey from classes (BME330/520)

W Junior (Required Course)
B Senior (Tech Eelective)

Subjective Perception

D
o
=
=
I
[rs)
@
]
H
5
3
a
o
£
T
14

Apparent subjective perception “disparity” between classes

Results Engagement
Result: Time used on MITS (BME330/520)

Engagement on Courseware

8 Junior (Required Course)
@ Senior (Tech Eelective)

Time (minute)

First Time Each Time Time on Simulations

Apparent subjective perception “disparity” between classes

26




Results  Grade Impact
Result: Midterm/Final exam (BME330)

112: 73.5+/-16 and 68.9+/-14 (N=12), lowest grade B (n=4)
121: 69.2+/-22 and 63.0+/-27 (N=24), lowest grade F (n=1), D (n=1), C (n=3)

Results Comments
Result: Open end survey (BME330/520)

Summary:
» Animations of the underlying physics behind modalities...
»Organ well and provided visu
»Good summary for i

»Remote accessible, self-p -
> Practi st/quiz help review...

Conclusion

e MITS provides an Internet accessible, interactive, module
based teaching tool and learning environment

DATS manages MITS through a database platform, provides
quick feedback for teaching efficiency and assesses student
learning gain dynamically

27




Future Work

Seeking for collaboration to apply the system under different
settings, such as BME, ECE, HS, PHY, or other curricula.

Seeking for NSF proposal collaborators: Medical Imaging
through CyberLearning

Seeking for collaborative research on Integration of Medical
Imaging into Special Applications, e.g., Medical Physics
program, Health Science program

Acknowledgement

NSF CCLI DUE0127290 (2002-2004), “Proof of a Concept”
NSF CCLI DUE0632752 (2006-2009), “Build a Prototype”
NSF CCLI DUE1022750 (2010-2014), “Expansion Development”

External Advisory Committee
Dr. Thomas Harris, Director NSF EEC
Dept. of Biomedical Engineering, Vanderbilt University
Dr. Autar Kaw, ASEE Distinguished Scholar 2011, US Professors of the Year, 2012
Dept. of Mechanical Engineering, University of South Florida

Graduate Students
, Aditya Dixie, Chun Nu, Alon N
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NSF CCLI/TUES Program Directors
Dr. Russell L. Pimmel, Dr. Don L. Millard
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Interactive Medical Imaging Simulation
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Search
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Questions?

http://mis.eng.miami.edu

29




NSF National Workshop on
Medical Imaging Teaching
Software

University of Miami — 16 August 2013

Florida Atlantic University Modules

Ultrasound Imaging
Image Processing

Ricardo Castellanos
Diego Pava

Prof. Nurgun Erdol
Prof. William Rhodes

Medical Imaging Course Testbeds

Fal0 Florida Atlantic University - 10 students
Sp12 Florida Atlantic University - 12 students
Sp12 Universidad Javeriana - 30 students
Sp13 Universidad Javeriana - 26 students

Total of 78 students (all from engineering)

30




Course Text:

Medical Imaging Signals and Systems
by Prince & Links

An excellent text for students with
background in engineering and
physics, but short on figures in
certain areas: a good candidate
for augmentation with animations.

Representative Examples

Ultrasound Imaging

MODE - A
EXAMPLE ~

way

= Presentation by Ricardo Castellanos (Ph.D. candidate in
electrical engineering)

31




Image Processing for Medical
Imaging

Image Processing Innotool
For Medical Imaging

A Matlab-based teaching
software package and tutorial

Diego F. Pava
Florida Atlantic University

= Presentation by Diego Pava (Ph.D. candidate in
electrical engineering)

32




Web Based Interactive Medica

Imaging Applications for Teaching
Nuclear Medicine

Senait A. Debebe, Ruchir Bhatt, Anthony J. McGoron

Department of Biomedical Engineering , Florida International
University, Miami, FL, U.S.A.

Our Goal

"Develop interactive medical imaging
applications focused in Nuclear medicine

®Establish internet accessible applications
=Sharable, distributable and upgradable applications

"Increase students learning gain by conveying dynamic
explanations.

®Flexible learning schedule to fit into the available class
hours.

2

|.  PET Simulation

" MATLAB® was used to simulate PET image
reconstruction mechanism.

= Scattering and random coincidence effects
were simulated by adding Gaussian 2
and/or Poison noise. .@

®Radon transform was performed to generate sinogram of an image.

"Filtered Back Projection algorithm was used to reconstruct the
original image

3
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II. Tracer Kinetics Model

® The relationship among Input function
(Plasma activity), Tissue response, model
structure and rate constants was
Illustrated using 3-compartmental models.

= MATLAB® GUIDE has been used to
develop a user interface.

= Background MATLAB program has been used
to implement:

A =([ Input Function) @ Tissue Response

Where A, is the measured data by PET

© 1994-2000 Crump Institute for Molecular Imaging
UCLA School of Medicine

Ill. Reporter Gene Imaging
® Animation of PET reporter gene imaging was performed.

Noa T,
Thyass

e

= Adobe® Flash® Professional CS5 was used together with ActionScript 3.0
to apply codes .

o

IV. Coincidence detection

"Circuitry of PET coincidence detection, generation of single
and multiple incidences are animated.

() Positor-eniting

\L,i:mn uclide

%
[]
\ Ca Il
\ ’
N
~

®"Adobe® Flash® Professional CS5 was used.

6
Courtesy of : “The promise of Immuno-PET in Radioimmunotheraphy’, J Nucl Med January 1, 2005 vol. 46 no. 1

34




V. Autoradiography

" Procedures and materials required to do Autoradiography is animated
which is used determine the distribution of radioactivity.

Bose Intestinal  Ljver  Lung fieam
Tols g lining ;
n A;éfux.km.. gland
Py JAKQ
Salivary gland

" Adobe® Flash® Professional CS5 was used.

7
Copyright © 2010, InvivoPharm Inc

Results

Activities
il
PETSMULATION  __ o

Choose to add Gaussian
and/or Poison noise

Set STD value;
= Enter angle spacin
Original Image  Noise Added Image Recomstructed image 9 P 9

of Radon transform

Adjust image

; filter type & cutoff
frequency
Help files provided

between projection angle

reconstruction parameters

Results Cont,

2. Activities
! ®Choose between
Tracer ¥meth Moos!y
—_— models
Ll Ll Lol
MM — TSRE .., TSRE i . .
ke ] i = Click on input

functions (PTACs)

. "Enter estimated rate
e —— e — [ constant values (Ki)

i WObserve the resulting
= = TTACs
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Results Cont,

PET REPOIRTER GENE IMAGING

Activities

= Step by step
procedures are
animated.

" Reporter gene
injection and its
route inside a liver
cell is elaborated.

" Reporter probe
interaction with
expressed
proteins/enzymes/r
eceptors is shown.

= Start, forward and
backward buttons
are provided.

v

Results Cont,

Activities

= Start button to
start the
animation

= Coincidence
detection
circuitry is
animated

=Step by step
explanation of
signal generation

®"Next button to go
to the next step

Results Cont,

The rat is than

ol

Activities

" Start button to
start the animation

" |njection and
distribution of
radioisotope, and
technique of
autoradiograph is
animated

" Step by step
explanation
materials and
methods applied

= Next button to go
to the next step
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in order to find i

SCHOOL uf EDUCATION
&t EVELOPMENT

i1

-

10,000 Students in 6,600 of 10,000 3,860 of 10,000 710 of 10,000
the Bottom Students Earn a Stud Go to Stud Earn a
Income Quartile High School College Bachelor’s Degree
Start the 9th Grade Diploma 76 are Declared 30 BA/BS in
(8,200 total) STEM Majors vs 800 STEM Fields vs 400
total
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es in the following figure by
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USRS G MIAM
BCHOOL & CATION
& HUMAN ELOPMENT
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s in the following figure by

Ll

d rules that stress student
ines while keeping students o
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ity. Pose problems rather than an
h for solutions. Use discrepant e
them into the problem.
on, experiential learning. D
e stage. Learning through refl
students have their im
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iastic about what students are

USRS G MIAM
SCHOOL of EDUCATION
& HUMAN DE PMENT
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arification

v BTy oy
L. ATION
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cation where they
back/fall through the cracks
chmarks) which are the "wha
achievement of an outcome. Eacl|

ould we recognize these outcomes i

easures. These are the metrics that

program, course, or career patl
entify the appropriate metrics f
"How much did we do?,
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plementation” or just
o which the program activi
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* or “process” evaluation pro
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and worth. !

USRS G MIAM
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& HUMAN DEVELOPMENT

L]
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Reflective Synthesis Feedback Loops.
MITS jMedical lmaging Teacking Sclware)
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INPUTS

USRS G MIAM
SCHOOL of EDUCATION
& HUMAN DEVELOPMENT

L]
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i1
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MITS/DATS
TUTORIAL

Website: http://mis.eng.miami.edu/ Startwebpage]

{7 Mbadical knagien Trasaiag - Windows btvi st Erphorer

Interactive Ns¥)

Medical Imaging imulatibn

ay takn vp ds to calculate . Fiease be pabent

Click here to get

[ e " Adobe Shockwave onto the main page
or Flush should be
installed before use

This web site was created by the support of NSF grants
DUED127290, DUEOGI2752 and DUEL022750

It is still under construction. All figures and demos are not the final version.
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MIS Website: http://mis.eng.miami.edu/module/mis.php

2 MIS DATS Homepage - Windews Insernet Lxpleser

o

Intesactive Medical Imsging Simulatisn
B gy e Wi e

1. Home

2. User Ldgi

.Img Modﬁ >

4

4. Img Modalities ’

oy AL ow
Wadmsets
L=

W wom - |

J 2. User Login 7
||

_<[3. Administrator login ]

1. Home Page: http://mis.eng.miami.edu/module/home.php

£ MDA TS o page - Wissdowrs ntesnet Lxplares

Go- -

P BN e Fete ik b

g Peartes 0T Homeage

Interaciive Hedical lmaging Simulatien
e g e v

-

1.1. Self-Lin

1.2. Other B

.

R

1.3. Img Manuf

nceme
ntact

’}

1.4. Design

.

FLORIDA Miami Dade B85
INTERNATIONAL | Moo eSS
UNIVERSITY College

led

-
ahlCE
Sk
LN
@ et 1
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1.2. Link to other BME: http://mis.eng.miami.edu/Files/SD2-1.pdf

Link to Othe : E
i.

4 4l oen [k M| O O

1.3 Link to Img Manufac: http://mis.eng.miami.edu/Files/SD3-1.pdf

Be B s b e Tk @ 7
e Il
—

g I

s Vil e

Link to Medi ﬁg
Manufa S 1 fefems

m

] a4 3

lullWd H ®=
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1.4. Design Outline: http://mis.eng.miami.edu/Files/SD5-1.pdf

£l e S0 1l Wi it Explares ofx
0o- s T B
e e 8 oo et s 1 B @0 e e Sy Tk @ T
Bsveece o 55 @ Pseesn Iosmee o | 8 [ws - @ ad S
= e L L e -
H it
!
ii Simulation Design Flowchart
E L3
MITS Design| Outlin = St
E {
| L= ety e -
y Dwacr e Koy V2
e
= i ORI )
Dare. @ nkromn Zone i

iami.edu/module/modality.php?modality=login

2. Login : http://mis.eng.m

£ MIS-DIATS Homepage - Windows Internet Lxplaror
G- [y

fis ER Vew Frote Tok  Hep
Y S T = [ - ome - Pagee Sy~ Tochr - T

2.1. First time
login

2.2. Normal/login ]

)

@ oot
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1sttime Login : http:/mis.eng.miami.edu/module/modality.php?modality=flogin

MBS BTN D - Wi dntesiat Lupietni

[——

G-

PR S e —

T [
=
L

Search

Sy AL bt

Winamatbets

| e S
-

% 2.1. set up user

password for fu

ID and
ture login

e 2.1. Other info
for focuse

g s

Oveen
Ok

Oteim e
Oieyenss [

© o e

Ctive Wy | __

mation
d groups

3. Admin Login: http://mis.eng.miami.edu/admin/m.php

[[ Y \:_m , [A—
3.4CVHW - |
B —
[3. Administrator login ]
jcone @ Intomes é # 100%
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3.1. Add Users

Add Users

Y2 £30 882 mEre Aar) 1 SAe B, aeery Hingie ne
S5acH! Afer Chck A5 T resU WAl ba DN Blow

e W Ban 2 leter

X

Usr ID: (better specified)

Any character sequence
without space in between

Line break for difference user ID

Condition information for

future data retrieval

G irbemet g R -

3.2.1. User Management

oMl basagamant - Windes lntermet Explars

User Management

FIrst /o neted Ba30ch Tia s 4rs rom tha Satabase. & supoon * Sor esmsle.

3100 5ame b2

tan Conanione 7] Tewn 2012

-
WIS ot auampia” BRAIT 3 BT

Search ter (nformation

Fal o e 5N et cane [

\

\

2

Check “Use Condition” can extract
users meeting the conditions.
Uncheck “Use Condition” will extract
all previously registered users.

Check “Match Case” can e
specified users ignoring co

tract
nditions
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3.2.2. User Management

* Ml Masagemant - Windews Insermt Lighong

G:\-— w ey FRax B\ Bir

e Pavrten | s Mot L B0 D m e e sy T @ 7

MI% Management

| User Management "
g o Report
|t b r— Reset
Delete
L] Unsmams | Growp |
263 3tenngue Usmtar [DVere) Baeport) Beael] [Dsigts)
E) )0 arrtar Ml [eoor] Meset] (Detetel
4 13 harman s Din] (Seporl] et (Deteta]
205 13irossan Mamiar Dwrw] [Beoot] [Besel] [Dasete]
L4 130 Memter Din] Beoom Besell [Debete]
a4 13nka Marmitet Dowrwd (Beoor) esel] [Dubete]
F= 1¥uhaying Marriter Diww] [Eeport] Medel] [Detets]
260 AFimiguel Mamiar Dwrw] [Beoot] [Besel] [Dasete]
1 13nzashin Ugmizar Dewd [Beoornd Besel] [Dabete]
kL 1Ihhign Marmitet Dowrwd (Beoor) esel] [Dubete]
283 T3jsunghun Marmitar Dire] [Eeoo] Hesel] [Dobete]
264 REL Mamiar Dwrw) Beoot) [Besel] [Dasete]
o 1) theman Mprmite Dowrwd (Beoor) esel] [Dubete]

@ trtmret fac Hlow -

3.2.3. User Management — View

/P
View specified/user’s
“engagement”|with

the system.
125
“Ray =
-Ray 1410248
Rewview H
Background 104
o7

R AR

DR R e
HHEE

@ Intemet fic R0 -
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3.2.4. User Management —» Report

(213 el miamiachs
Fe Edt Vew Faortes  Took e

e

Grade)
w0

Output specified

user’s “performance”|;

In each module.

Module Start Ratlo {Cor/ Total)

Background 10-2-2012 03:55. w2 s

1 10-3-3013 03:57 3 1/1 100

0 [10-2-2012 03157 ot 1/ Joo |

- 2 10-2-2012 03:58 /1 100

= b 10-3-3013 03501 & 11 100
-y 3 10-3-3013 03:59 1/1 100
T E e E o Joo]
2= 4 |10-2-2012 04:08 125 01 Jo
xRy n 10-3-3013 04:10 7 0/1
Ry 5 E 11 %
£ -Ray s 10-2-2012 04:23 lﬂﬂ—“ 0/1 0
-Ray Review J10-18-2012 14:23 la7a l4/24 16.6

Aackground 10-10-2013 14:30 104 /6 a

1 10-10-3013 14:32 14 071 a

1 10-18-2012 14:32 F 0/1 0

2 |10-18-2012 14:33 Jie 01 o

h 10-10-2013 14:33 150 1/1 100

3 10-10-2013 14:36 1 0/1 0

£l 10-18-2012 14:37 E 1/1 m

7 |10-18-2012 14:38 J[e2 01 o

n 10-18-3013 14:38 a0z o/ 3

5 10-18-2013 14:42 10 0/1 3

s E 14:42 27 0/1 0

- [ ITRTETTERYTT) 73 i TR

& ot R

3.2.5. User Management — Reset

¢ Dalet user  Windews Intaimel Leplainy

MI5 Management

When “reset” a user, user ID remains
but the user must go through “first
time” login to create password.
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3.2.6. User Management — Delete

B BS Vew Favrtes ok bl

o Fovortes 8 Delste e GB-B S gt Fages Safetys Tookw e T
Delete user Goe

— =

[=] Delete Uner

[2] Dot Use's Test Infirastion

When “delete” a user, user ID and
user performance information can be
deleted individually.

3.3. Modality Management

£ Min Warnagsrent - Windows. itotnet Explotes

Managementiosls h‘k‘:da"‘ty hhna;ﬁemeni
| A Users | o
——

To allow user to To determine the
access specified number of post-test
“Modalities” questions for users.

& Irtemet. i Roow -
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3.4. Module Management

¢ Mt Mgt - W b, bt it {xplenny

specified “Modules”
within each Modality

To allow user to access

Module Management
| Addusers 1| Flease chease what rou want Io ogen or dose
[T —
| | Hodality and Hodube nformation.
-y et wa - [—
| Modube Management
C = meview ¥ meviow ] Rt [# Ravien [# phvpmics.
Satup tosls
p——— > B E Faeid Elimaging
Changs password
Erediation Brransformation  Epwvsicsatimr | Fnuctear Medicine
PO C3N SER0 T lonls Sbo
1283 B NS =] = s | B
EClMW E 7 &
Bl s Elimaging

3.5. Change Password

Change Password

Change passwoed

i Panywent
Piw Fasumord
Rtz Haw Pasvised

(Erange ]

7

at the first time login.

Administrator/Instructor’s
Password should be changed
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4. MIS Website: http://mis.eng.miami.edu/module/mis.php

2 M OATS Hemepage - Windews insernet Lxplover
1oL R FIEICED | |
M tE e Porte feck b |
. 5.8 |

Intesactive Medical Imaging Simulatisn

M s s

Img Proc Tools

4.1. Hierarchical Design
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4.2. Learning Assessment

Pre-Modality Test (4~5 concept questions)

Pre-Module Test (1~2 concept questions) Module Assessment

Module 1
Post-Module Test (1~2 concept questions)

Pre-Module Test (1~2 concept questions)
Module 2
Post-Module Test (1~2 concept questions)

Modality
Assessment

MODALITY 1
Post-Modality Test (10~20 out of ~40 questipns)

Course Assessment

Final Review Test (40~50 out of ~100 questions)

4.3. Example

dbe/msdute g 3 = % | 68 MI-DATS Homepage <
File Ed Wiew Foveeles  Tooh  Help
S @) CeiCloud W M o] Cenral ServerInformation (=) Sugqested Stes = &) Web Slce Gallery =

# Flay Mty

Instrumentation of X-ray
Module 7

h y nst S Py
Modal Ity e X-Rays Instrumentation
WIS Webpage
+ Logout X rays are produced by energy conversion when a fast-moving stream of electrons is
. XRay suddenty decelerated in the target anode of an X-ray tube.
Module sodule 1
Raview s Text component
. TARGET
sl COPPER i ELECTRONS
“‘TDE HEATED TUNGSTEN FILAMENT
+ ¥ -
Z 5 -

__\\m Fig component ’

Module &
aecume iry
Search Healed Rament Elactrons are accelerated
| — amits slactons by by & high voltage.
jonic amission
— ’—./ \————‘ i |

56



4.3. Example

- B O] S Mas0875 Hemepage

Fée [ot View Fwvortes Tool  Help

Animation
component
-
i\ é — : 3
% il
= -
.
. T
Component Function
Cathode {filament) activate free electrons
Anode (plate) provide high positive voltage
Grid low negative voltage
Simplified X-ray mbe circuits
i €
-~ ar

4.3. Example

it/ ng mismiedu, module m
Fle [dt View Favockes Took Help
e B Cof Cloud ol MSN & Central Server Information [

X | 5 WIS DATS Hamepage

» Reconstruction of MR signal

Downloadable
Simulation
component

——

CRTEE]

Fourier transform of three groups of identical nuclei i different magnetic fields

+ Example of FID Signal in time domain and frequency domain

+ MCRinstater
+ FlbCemat
» FIDOwmo eve
» Two-dimensional Reconstruction of MR image

= Generate a gradient magnetic field H (discrete space)

# Repeatedly apply RF (in Larmor frequency)

# Capture FID signals

~ Fourier transform -
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Go through
an Imaging Modality

Step 1: Administrator Login

—<[Administrator login ]
T A
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Step 2: Create User Account

Administrator login

Log out when done

Add user =

Iif

Step 3: User Login

Intesaciive Medical Imaging Simulntisn
PRSP —

Or click any
Imaging modality

59



Step 3: User Login

jows. Internet xplorer

Fle ER Vem Frute Tok Heb
it Favrted | GEVESOATS Momepage SRt 00 ee e rame Saetys Toshir @

Interactive Medical imaging Simulation
Mt g § s mom B

First time login
must go through
this step!

Step 4: User Information

- Password will
= be remembered
. — by the system!
- s
S
o— =
(===
gass [
T Eame ::. [
Clonw A, O eatian

B ot qar W -
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* Home

+  MIS Webpage
= Logowt

. Xy

.ot

o M

= Huclear Madicing
Imaging (MM}

« Unrasound
«  Final Review
o forem

« Contact

Search
- Go
| emTALL Mow

r———
Playsr 3 Serien.

Step 5: Go through CT Modality: Pre-Modality Assessment

Vit Mesticaf bmasging Mastialis

Interactive Medical Imaging Simulation
Madical Enaging [ sucanon Webans

CT Background check e oy

weizhao, You ate starting 3 new imaging modaiity now. To assess your background of your knowlsdge
acquired through classroom learning. you need take a pre-modality test of few guestions. This test s
to your class Please try your bast,

1. Follewing pecple wha mada significant contribistion ta the CT but only twa won noble prize, plaase cheosa @
Allan M. Cormack and Godfrey N. Hounslield
wilhelm Conrad Rémgen and William Coolidge

Charles Glover Rarkla and Johann Radon

Check student’s
2K T Scanein ot ko Jvmy soince et oeay étactons. science/engineerin
Trie background.

Falsa

Juhann Radon and Irving Langmuir

2. Apoint (1, 1) In Cartesian coordinate can be mapped to the point (1,45°) in polar coordinate.,
Trua
False

4. Hadon Transfs ion comvers

signals f{x.y ) from Cartesian domain to:
Frequency domaln Flu,v)

Carteslan damain glx,y)

Step 6: Go through CT Modality: Pre-Module 1 Assessment

Check student’s
science/engineering
background for the
current topic.

amputed Tomeography

Sanren

[ s —

St —— - — -
_——t - e

System gives the
correct answer.

Seaech
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Step 7: Go through CT Modality: Module 1

CT machine ©T machine
in 1574 in 2000

This module
mainly uses slide
presentation.

CTimageof 1975 CTimage of 2000

Step 8: Go through CT Modality: Post-Module 1 Assessment

System gives the
correct answer.

Click Next to proceed
to next module.

ent in transiation m

econstructed from
nals

This post-quiz question
is usually the key concept
for the module.

62



Step 9: Go through CT Modality: Pre-Module 4 Assessment

e P e
=
="

Step 10: Go through CT Modality: Module 4
This module
Proisston 454 Besk Projostion presents some
- animations.
i Pro|ncuon{Rudol; Transform)
e

m ( the third generation of CT) x-ray projection is presented by the folowing

This module
presents some
equations.
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Step 11: Go through CT Modality: Module 4 (Projection)

y [ MIS-DATS Homepage 3

& 2 € [ misengmiamieduir

J:In: [’u/‘"“'\ i
CT projection animations
(pen-beam and fan-beam) _ﬁ-
can be played directly. =

Fan-beam ( the third generation of CT) x-ray projection is presented by the following
animation.

Step 12: Go through CT Modality: Module 4 (Back Projection)

]
P T -
| & C ) mitengmiamiedy =

CT back|projection Back Projection
animatians (coordinate- -
based and angle-based) )
can be played directly. - ==

|

Back projectioiraconstruction can also be realized by checking every degree in teh

Radon coordinate followed by every coordinate in the Cartesian coordinate
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Step 13: Download Executable Simulation created by MatLab

mis.eng miamiedy e = 0004 TS

1" Example of downloadable software simulation created by MatLab codes: MR1 FID Signal in
time domain and frequency domain. You nead 1) download following three files and save
them in the same foler; 2) run MCRInstaller first; and 3) run FIDDemo.exe
* UCRIngtalle
+ EIDD4oig
+ EDDsmpss

* Ucosle Simulation created by MatLab
- codes has been converted to

executable applications. .

Step 14: Executable Simulation (FID)

The Matrix Sampling time resonance signal Simulate FID signal acquire FTof FID
i R S = 11000 ' i )
Base freq t L 0 1]

o - ™ 04 04
=10

0s nsi 06
]
i
I

e LE] 03] 02
52 S3 s =
Freq gradient o " i "
L) 0z B il . SRR, oz 04 0 s a 0z o4 LL] o8
| | J combined resonance signal g
— o 1 data domain
L1 1
0 0E
1 08
04 ol
08 0z 02
06 S o - [ (3] 0z 03 04 0s 06 or o8 o9
[F] 04 [ (1] 1 e
] Fourier Transform .
- 1
- 0E
uz2 o8
o o g
] [FET) [ (1] 1
0a = 04
L1 = 0z
0z o4 o6 (1] 1
nﬂ 02 04 o6 (1] 1

65




The Matrix Sumplmg time
1000 i
1 s 1
Base freq | wil
) s . I oo

Step 15: Executable Simulation (FID)

E W 00 TE————— e

resonance sig!ul
il '| i
|'| I l'

[

IV

1}

_Simulate FID signal acquire

FT of FID.

Fourier Transform

matrix

38 72 108
216 180 144
252 288 324

Step 16: Executable Simulation (MRI)
1 Time Domain signal —K_Spac
plot K_space -
0.8
BaseFreq
0.6
0.4
rChDDSE' yourimage Sampling
Time

0z Load Imags =

0 . . . , .

0 0.2 04 0.6 0.8 1
1 Freq Domain signal
— Reconsiruction
0.8 i
. .| Freg

- | Gradient
0.4
0.2 plot Reconstr.

0 , . . . ,

0 0.2 0.4 0.6 0.8 1
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Step 17: Executable Simulation (MRI)
k00— Time Domaln signal —— —k_Spac
plot K_space
00 9
L BaseFreq
100
0
koo rChDDSE yourlmage———— Sampling
Time
00 Load Image -
0o . , , .
0 02 04 06 0.8 1
1000
10
5 E Freq Domain signal
— Reconstruchion
4 ]
7 N Freq
B | Gradient
10
2
1 1 plot Reconstr.
0
0 200 ﬂU QU 500 WUEU

Step 18: Go through CT Modality: Post-Modality Assessment

ew projections and the original projections

Numerical Animation:

Assess student|s
learning gain after
learning this madality.

T}|\is box will always
stay here when all
modules are learned.

modality, you have to take a

welzhao, you ha

d CT Modality. Before you can siar a ne
e st Please click the follow) 7K to do the quiz

CTRevTaw

= Eesin-Phastom gt x ¥ Sheoall devrieads,
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Step 19: Go through CT Modality: Post-Modality Assessment

Every question
must be answered
to completer the
assessment.

-, ‘ithan, Picase:fnish, o8 7 paris of qui, i ichndes 15 questions, wllondy meest 1 10 7
- utest
Pheae attention, dring the quis, vou can mof e btk inition” of 11, athesise the
page . ot acess s
' em o .
s L
Sewch i e
Interactive Madical Imaging Simalation
o b 1 e

[ s
p——
e

® — * weishusa, Pleass Finish 2 parts of quiz, 1 inchides 15 quostions, vl cely need 310 7
s

el parge will expire anil you can 1ot sacess theas quest

Fieasc attention, durieg the quiz, you can sof e T buton’ of 1E, sthervwise the
s acpain]

Deficits? Answers ar
not provided to user
but to Instructor.

[PFre——

Step 20: Track Student Performance

£2 MES UATS Hemepage - Wintdews Internet Explaser

OG- &« s =

P 0% e Feorte Tk feb

Pt | S 0TS Heveepan

B _<[Then administrator/login ]
T e
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Step 20: Track Student Performance

Fie B Vew Fovorte  Tock  Hep
dr Fevrts | o Maragueere B v B3 - Peme Salwye ook G- "

Ve e fpoy v 8= B B

Management tacls. Help

| Oupesrs Go to User Management

Step 21: Track Student Performance

View provides report of
User’s each “engagement”
by clicking the user name
on the left

Select “View” to see
User’s “engagement”
with the system.
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Step 22: Track Student Performance

Performance on assessment
guestions for Pre-post Modality and
Pre-post Module are reported here.

Left column is user’s answers.
Right column is correct answers

ot i

/\ 0 iy — M
o the by b ot 8 A LT mrehan
[ b eyt
arartericarm 1 Pl harares toe vanen 18 & L] seriber ey rhasgs hecams 1
v e ey
fhens 1T b bt £ b £ a0 ] o b b

Gt e

Left column is user’'s answers. 7 — -
Right column is correct answers =

[

e e ot Pamenbon. o dterear e (e et
pamr e 0 e St 1o T ot b A The Iy ot
Catrad aai e ol 48 meiy (1 fodl) Lt anbs i 40 sy (4 )
14 [ Py et rmbintiem e by s b

Step 23: Track Student Performance

Select “Report” to see
User’s numerical data
with the system.

i amia owan

]
-u—ﬁ
R 13
e L

Bk
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Administrator is a “User”

Modalities are “Parallel”

Modules are “ Sequential”

User Manual is attached

System will be updated continuously
Correction and revision are welcome

New development are very much welcome
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Instruction to MITS/DATS online courseware

MITS: Medical Imaging Teaching Software
DATS: Dynamic Assessment Tracking System

MITS/DATS is designed for medical imaging education as an online courseware that is
particularly used under a hybrid teaching/learning environment. The courseware consists of five
commonly used medical imaging modalities (X-ray, CT, MRI, PET, and Ultrasound) and
commonly used image processing tools (under construction). Each imaging modality consists of
six basic components to deliver knowledge to students, 1) text description, 2)
figure/picture/image illustration, 3) interactive animation, 4) interactive simulation, 5) pre-post
assessment and 6) library of medical imaging application (under construction).

Each imaging modality in MITS contains several teaching modules (teaching/learning topics).
DATS is a database under MySQL environment. DATS is the “manager” of MITS. DATS
controls turning on/off modalities, modules, assessment questions and user enroliment.

Home page: http://mis.eng.miami.edu/module/home.php,

{= MIS-DATS Homepage - Windows Internet Explorer

1S \g, miami.edu v [ B[] x| [ | Pl
Flle Edit Wiew Favorites Tools  Help
o Favorites | 55 [0 - B
(& MIS-DATS Homepage 5 - B v [ M - Page - Safety~ Toos- @@~
)
Five Medical Imaging Modialitis
Interactive Medical Imaging Simulation X
Medical Imaging Education Website
Announcement
* Home
« MIS Webpage NEW - The development of this website is supported by NSF grants DUE0127290 and DUE0G32752. We are
« Other BME building a relatively complete Internet accessible and interactive Medical Imaging Teaching Software (MITS)
Programs that serves medical imaging curriculum for BME and other engineering undergraduate and graduate
+ Medical Imaging =) students. MITS include five commonly used medical imaging modalities. Each modality contains five to six
Manufacturers
teaching/leamning modules. Each module is supporied by background review. text/figure illustration, live inferactive animation =
= Medical Imaging
. . and simulation, and demonstration of applications. Interested instructor can contact Dr. Zhao (w.zhaol@miami.edu) to get an
Simulation Flow
Charts instructor account on MITS for teaching medical imaging courses. This website is still under construction. We expect it will be
* Forum available for teaching in the fall semester of 2010
* Centact Posted by Dr. Zhaom Comments (5)@08:20
Intern Students
Search
Go  Application......
i 1 We offer summer or winter internships to undergraduate or graduate students. The duration of the internship
Visitors: ,V lasts six weeks. Internship students will learn from instructors and work with graduate students in the
_ - -jr Bioimaging Lab. We expect the recruitment sponsored by the NSF grant will begin in the summer of 2011
f -—-‘F Please see fill out and submit following Internship Application Form when it will become available.
Posted by Dr. Zhao@ Apply (2)@10:00 v
€D Internet Sy v Wuon v
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On the home page, we provide

Links to Other BME Program in USA (updated 2009)
Links to Medical Imaging Manufactures (updated 2009)
Links to Imaging Simulation Flow Charts (updated 2008)

Announcement: updating news for MITS/DATS

Intern Students: application for internship

Participating Institution: application as a user-institution

Faculty Workshop: application for attending NSF-funded workshop

From the home page to the MITS page, either click the MIS Webpage or enter the MITS address
http://mis.eng.miami.edu/module/mis.php

see captured screen.

L /= MIS-DATS Homepage - Windows Internet Explorer

I QA £ fé miami.edu T W42l X :"’ Ll
4 File Edit View Favorites Tools Help

7 Favorites | 55 K4 - el

(& MI5-DATS Homepage v B v 0 d= v Page~ Safety - Toos~ @~

Five Medical Imaging Modialitis

Interactive Medical Imaging Simulation

Medical Imaging Education Website

* Home

« MIS Webpage
* Login

* X-ray

* CT

* MRI

* Nuclear Medicine
Imaging (NMI)

* Ultrasound
* Final Review
*« Forum

« Contact

Search
Go

WindowsMedia 4
Player 9 Series

€ Internet f3 v R100% -~

Note that the MIS link is a webpage under the MITS/DATS home page
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Login as Administrator/Instructor

Go to the bottom of the page (home page or MIS page)

Copyright © 2005 - 2010 MIS | MIS team | Contact | Medical Imaging | Login | Admin

Click “Admin”, enter your username and password, it will link you to the administrator login
page. Administrator/instructor can do following:

1) Add Users

2) User Management

3) Modality Management
4) Module management
5) Change Password

The interface is displayed as following:

L (= Mis Management - Windows Internet Explorer |;”E”Xl
5‘5; L] \g, Hietps iz 2na.miamivedu, adminim. php || B[ #2) | x| [ R Live Search ||‘O |

File Edit View Favorites Tools  Help

& Favartes | o [0l suamested Sites + 8] Wb Slce Gallery =

|§M\5Management | ‘ X B ) @ - Page- Safety - Toos - (@

| MIS Management

Home Log out

Help

Add Users If need any help, please contact with administrator

User Management

Modality Management

Module Management

4 s
: |
g
"

Change password

you can selectthe tools above
to do the management

Done & Internet f v Haow -

You can select the tools listed above to manage the system.
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Add Users:

¢ = Mis Management - Windows Internet Explorer

Q A ‘@2 iani. edu v B4 | x| |Ae | P
File  Edit Wiew Favorites Tools  Help
T Favorites | 7 1 - g -
(€ Mis Management h-B8 7 v Page v Safety + Tools - @)+
I Home Log out
Management tools Add Users
You can add more users in one time, every single line should only inlcude one user! User name should not be longer than 32 chars, no less than 2 letter should have no space! After
click "Add”, the result will be given blow.
User Management
Modality Management Input User Name
Module Management
Setup tools
Change password
you can select the tools above Year: 2011
to do the management
Add
€ Internet fa v ®ioo% -

Administrator/instructor can add users through the window provided by the system. You should
first specify “Year”, “Semester” and “Class” first (for easy future retrieval).

Year is a 4-digit number.
Semester is selected from the dropdown list (Fall, Summer, or Spring).
Class is course code, such as BME300, ECE400.

These entries will be associated with the users for assessment. Administrator/instructor can
retrieve user’s performance or engagement through the information.

Username can be entered in the provided window separated by line break (return key) if more
than one username entered. Username can be any more-than-two character string. Email address
can also be username. Administrator/instructor can enroll multiple users, who belong to the same
Year/Semester/Class, in one window/time.
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User Management:

/= Mis Management - Windows Internet Explorer
%f v [&] Hitpfjmis.sng mism.edufsdminjm php?action=3 ) [B][#2] [ ] [£ ive 5earch [[2]-]

File Edit View Favorites Tools  Help

{; Favorites ‘ {.3 ﬂ Suggested Sites » @ | Web Slice Gallery ~

@M Mensgement [ ] % v B 0 @ - Pager Safety~ Tools+ (@~

MIS Management

Home Log out

User Management

Add Users First you need search the users from the database, it support*, for exmple, you can search "a*" for all the users whose name begins with "a”, you also can search many different
users atthe same time, but you mustsepeart them with * ", for example: search "a* b*

Modality Management ‘ Search User Information ‘

Use Condition: 4] | Year: |2011 Class: Match case
Username:

Setup tools | ‘

Module Management

Change password

£
:
)
g
:
g
g

to do the management

D Internet Saoel ®ones -

In order to manage a user, administrator/instructor must select the user(s) first.

Selecting user(s) can use the “condition” searching provided while enrolling users
(year/semester/class) by typing part of the username (or *) in the space, or uncheck the option by
typing part of the username (or *). If “Use Condition” is unchecked, the specified user (username)
or all users satisfying wildcard * will be displayed.
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Once the user(s) is retrieved, administrator/instructor can select a specific user. For example,

= Mis Management - Windows Internet Explorer

R - T | [ 7] =
| @-\_/ - \g, rmiani.edu | [m] 4] [2] R | o
W Fie Edit view Favorites Tooks Help

o Favorites | 5 |1 - 8 -

E5 - @3yt - BIEEEHHE, ... | € Wi Management x| Bi v B 0 @b v Page- Sefety - Took- @-

MIS Management

Home Log out
Management tools User Management
Add Administrator Second, you can check the links with the user:
View : View the users quizinformation
Report. Give the whole report of user's performance.
Resort Reset the user's status to letuser change his password if he forgot his login passwaord.
User Management Deferte : Delete user and his quiz information
Modality Management
D Username Group Operation
Module Management
160 site_admin Admin View] [Report] [Reset] [Delete]
Setup tools
Change password
you can select the tools above
to do the management
Done & Internet fh - Hioow -

160 site_admin Admin [View] [Report] [Reset] [Delete]

Administrator/instructor can do following management to the user:

View: engagement of the user to MITS/DATS, (duration of login, pre-post test, etc.)

Report: output user’s all information
Reset: reset user’s password to be “blank”, when user login, just feel the password
Delete: remove the user from the database
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Modality Management:

This management option is provided to administrator/instructor to control each imaging
modality’s availability to user (student) in accordance with the teaching/learning progress.

= Mis Management - Windows Internet Explorer

R - T | [ 7] =
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MIS Management

Home Log out

Management teols Modality Management

Add Administrator You can close or open the webpage and change the question number of each modality quiz, meamwhile you can edit the close message which will give a remind to the vistor

Add Users

Modality Information
User Management

Modality Open Status Post Modality Quiz
Modality Management
Module Management
Setup tools
et WRI Maopen [0
Change password
NI Maopen 20 e
you can selectthe tools above
to do the management Ultrasound [l open 30
Sorry, now the page has been closed!<Br> We will ~
Close message N N =
reopen it socon. If you are an instructor and v
& Internet ¥ - Bi00% -

Administrator/instructor can do following management to the user:

Enable or disable an imaging modality to users (students).

Enter a message to for the closed modality(ies).

Determine the number of post quiz questions from the quiz question pools. The number of post
quiz questions is the same to each user but not identical because the quiz questions are randomly
selected from the question pools.

Add more quiz questions to the question pools (under construction).

78



Module Management:

This management option is provided to administrator/instructor to control each module
(teaching/learning topic) within an imaging modality’s availability to user (student) in
accordance with the teaching/learning progress. For example, entry level imaging class does not
need “reconstruction” modules in the CT modality.

= Mis Management - Windows Internet Explorer

@.\-_)v [e) miari.edy M |[2]-
Fle Edt ‘View Favortes Tooks Help

< Favorites | 53 [ - g

B2 |- | @3 i - ENeTEERE, .. | € Mis Management x | - B =) dm -~ Page~ Safety~ Tooks -+ @~

MIS Management

Home Log out
Management tools Module Management
Add Administrator Please choose what you want to open or close
dality and Module Infor
User Management
X-Ray CcT MRI NMI Ultrasound
Meodality Management
Review Review Review Review Physics
Module Management
[“ Instrumentation [ principle [¥I magnetic Field [“] Radiations [“I1maging
Setup tools
B —————— ¥ Radiation [ Transformation [l Physics of MRT [“INuclear Medicine
Change password
[“] Attenuation Reconstruction 1 Radio-Frequency Detection
you can select the tools above
to do the management Geometry Reconstruction 2 Reconstruction Radionuclide
[“]Reconstruction 3 Imaging
€ Internet 4 v ®m100% -

Administrator/instructor can check/uncheck selected modules and then click Modify button.

Please note that “module” is under “modality” so that if the modality is closed, users (students)
will not be able to see any module within the modality no matter the module is checked or

unchecked.
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Change Password:
Administrator/instructor can change his/her own password.

Please note that this function is set for administrator/instructor. A user’s password can also be
reset. That function is under the “User Management” option.

7= Mis Management - Windows Internet Explorer

La ] -
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MIS Management

Home Log out

Management tools Change Password

Add Administrator Change password

Add Users

Input Information
User Management

P — E—
Module Management

Setup tools —

==
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Login as User
After Administrator/instructor has added a user to the system, the user can login from two places
1) The “Login” link at the bottom of the page

Copyright © 2005 - 2010 MIS | MIS team | Contact | Medical Imaging | Login | Admin

2) The MIS page: http://mis.eng.miami.edu/module/mis.php, click any imaging modality

User will see a login prompt as following:

@@v |&] < ena miami.edu/module/modalty php7m I v [B][4][ x| [ [|R]>
Fle Edt View Favorites Tools Help

Y Favortes | v [ suagested sites ~ 8] e

|55~ | @3 - DRI EDAAIE, &... | € MISDATS Homepage x| S v B) v 0 v Page- Safety~ Tooks~ @

Five Medical Imaging Modialitis

Interactive Medical Imaging Simulation

Medical Imaging Education Website

Please input your information|

* Home If this is the first time you use the system, please click HERE to login.

« MIS Webpage

* Login

+ X-ray

. eT vStudentIDlogm

* MRI Student ID: | |

+ Nuclear Medicine
Imaging (NMI)

- Ultrasound

+ Final Review

Password: | \

« Forum
~2Contact Email Login

Email: | ]
Search L

Password: |

WindowsMedia 4"
Player 9 Series

Go
Ijilly INSTALL Now

Done € Internet %3 v ®|100% -

If this is the first time the user uses MITS/DATS, he/she must click top “HERE” button to setup

his/her account (including password). Without this account setup, MITS/DATS will not
recognize the user.
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The “HERE” button links the account setup prompt window. A first-time user needs to fill in

required information.

Student ID is the username entered by the administrator/instructor.
A valid email address is required too.
Password is a more than 6-character string.

Other information is self-explained.

/= MIS-DATS Homepage - Windows Internet Explorer @@
OO - By 55 5)x I

File Edit View Favorites Tools Help
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* Home

- MIS Webpage
+ Login

+ X-ray
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+ MRI

* Nuclear Medicine
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« Contact

Search
Go
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T

Interactive Medical Imaging Simulation

Student ID:

Email:

Password:

Retype Password

Major:

Status:

Medical Imaging Education Website

Please input your information

O Biomedical Engineering

O Mechanical Engineering

O Electronics / Computer Engineering

O Nursing or Physician Assistant

O Medicine

O other

O Graduate
O Undergraduate
O Instructor

O other

Additional

Gender:

Information:

Ethnicity

®© Male

OFemale

@ Hispanic/Latino

O Not Hispanic/Latino

N

€ Internet

{

#100% -

Once the user sets up his/her account, he/she can use the username (student ID) with the same
password to login. Student ID login is to use the username to login. The password is the same

for both. If he/she forgets the password, the administrator/instructor can go to “User

Management” to “Reset” his/her password. Password becomes blank now! The user can then
simply enter his/her username or email and fill in a new password to login.

Please note that Administrator/instructor is also a User. Following description is applied any
user. A simple practice is that the administrator/instructor creates a user account for him/her-self
first and uses the user account to browse the courseware.
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Considering that each institution may have a different teaching schedule, imaging modalities in
MITS/DATS system are “independent” each other. Our teaching/learning sequence is as follows:
X-ray, CT, MRI, NMI (PET), and Ultrasound. Administrator/instructor can open the imaging
modalities one by one based on teaching/learning schedule (this is our hybrid teaching practice)
or open all imaging modalities at the same time.

As administrator/instructor, one should browse through all pages to have a general idea of how
the system is composed before assign it to students.

When a user enters any imaging modality, he/she will pass through following learning steps

Modality pre-test (about 5 questions) to exam user’s pre-knowledge
Module 1 pre-quiz (1~2 questions) to exam user’s background for the module
Contents of Module 1
Module 1 post-quiz (1~2 questions) to exam user’s understanding for the module

Module 2 pre-quiz (1~2 questions) to exam user’s background for the module
Contents of Module 2
Module 2 post-quiz (1~2 questions) to exam user’s understanding for the module

Module n pre-quiz (1~2 questions) to exam user’s background for the module
Contents of Module n
Module n post-quiz (1~2 questions) to exam user’s understanding for the module

Modality post-test (the number of questions is set by Administrator/instructor in Module
Management)

Modality pre-test

Modality post-test

Within each imaging modality, a user (student) must go through the steps sequentially (we
consider the modules are logically designed in such sequences. We understand that different
institutions may have different methods to deliver the contents for the teaching modules. We just
follow the commonly used approach.

After the user finishes all modalities, he/she can go to the Final Review section where a
combined review test is given. The number of final review questions is controlled by
administrator/instructor (under Modality Management)

All pre/post quizzes within a module, pre/post tests within a modality and final review test

appear one time only. After a user submits the post-quiz question, the module becomes “open” to
the user (he/she can access the module any time later).
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As introduced in the beginning, the contents of each module include

1) text description

2) figure/picture/image illustration

3) interactive animation

4) interactive simulation

5) pre-post assessment

6) library of medical imaging application (under construction)

1) and 2) can be used as class handouts. Interactive animation is the “cartoon” type presentation,
mainly used to describe physics or chemistry/biology principles. Interactive simulation is the
“real” engineering process behind the screen for image reconstruction or other processing. 5) can
be used to assess students’ performance or used as test practice. 6) can be used as demonstration
examples (this function is under construction).

The MITS/DATS system is updated on a semester basis. Three institutions are developing this
system together. In terms of imaging modalities,

Florida Atlantic University (FAU) works on Ultrasound imaging modality
Florida International University (FIU) works on NMI (PET) imaging modality
University of Miami (UM) works on X-ray, CT and MRI imaging modalities

The updates include text/figure revision, animation revision and addition, simulation revision
and addition. We plan to develop 40 to 50 animation simulations (10 animations have been
embedded, Aug. 2011) and 5 to 10 simulations (2 simulations have been embedded, Aug. 2011)
to the system. The progress and other announcement will be announced at the MITS/DATS
homepage.

We very much appreciate your feedback on any issue related to the system. Our goal is to create

an efficient hybrid teaching/learning environment to deliver medical imaging education to
students.
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