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MatDL Transport Archive
• Online space for collaborative development of transport 

educational resources
• Transport phenomena: fluid dynamics, heat and mass 

transfer
• Content: readings, lecture notes, handouts, exercises, 

courseware, pedagogical mat'ls
• Metadata: currently ad-hoc, later IEEE LOM
• Initial focus on materials processing cases
• Four contributors, sixteen users (USA, Canada, Mexico, 

Japan, Sweden)
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Transport Archive Content
• Resource content:

– Author, copyright
– Brief description
– Source (.tex, .doc)
– Printable (.pdf, .ps)
– Checksum(s)
– Problems and solutions
– Student level
– Solution time
– Key words
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Resource Listing
• Gives title, author, 

links to source etc.
• Problems include 

qualitative (sketch), 
quantitative (calc), 
design components

• Designed for easy 
modification, reuse
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Transport Archive Impact
• Free high-quality resource for educators
• Forum to rapidly transfer research results in this 

area to educational use
• Quickly build a course, including ABET 

objectives/outcomes
• Timely launch: many materials departments 

cutting classes in processing/transport
• Online case studies help to compensate for this 

trend
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Transport Archive Future Plans
• Metadata format: ad hoc to standard compliant
• Advisory board, review process
• Migrate version control, workflow software to Fedora, 

Metis
• Content: mechanical, chemical engineering
• Content: structure formation
• Content: nanofabrication, manufacturing
• Resource links to transport ontology
• New courseware: property graphs and selection, flow past 

sphere, etc.
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Metadata

• Dublin Core (DC)
– Used by MatDL repository (DSpace)

• Fields stored in database 

• Learning Object Metadata (LOM)
– Used by Course Composer

• XML files
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LOM Metadata: Educational 
• <interactivityType>

– <value>active</value>
• <learningResourceType>

– <value>exercise</value>
• <context>

– <value>higher education</value>
• <typicalLearningTime>

– <duration>PT1H30M</duration>
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Transport Resource Viewed in MatDL

LOM Metadata

Problem/Exercise
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Transport Phenomena Ontology
• MSE perspective
• Developed from:

– Course syllabus
– Textbook
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Course ComposerCourse Composer

• A framework under which teaching materials can be
creatively shared by a community.

• Currently there are substantial amount of “digital elements”
made available in electronic format and some in course
web-site in ad-hoc manner by self-motivated volunteers.

• But the goal of  “reusability” seems to be still illusive!

• The course composer is a metaphor targeted to create a
framework which attempts to push the depth to which
course materials can be contributed, searched, repurposed
for creative, customized and automated composition.
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Course Composer

Main FeaturesMain Features

• Human composer (user) can specify a thematic
outline of the course and expect the system  (Course
Composer) to complete the conceptual design.

• A user can expect the Composer to find deeply
targeted and intelligently related course materials.

•  A user can expect the Composer to help in
automatically creating high level composed objects
such as lecture plan, lecture notes, handout, even
exams!
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Course Composer

Sample Capability-1Sample Capability-1

• Question: I would want to know more about
“Thermal Diffusion”. Would you find some reading
material?

• Course Composer: Yes. But to know about
‘Thermal Diffusion” also one needs to know about
“Flick’s law” and “Phase Transformation”. How
much time would you like to spend on them??



OCT 2003/ S-6
KHAN/KSU

M
A

T
E

R
IA

L
 D

IG
IT

A
L

 L
IB

R
A

R
Y

 M
E

D
IA

N
E

T
M

A
T

E
R

IA
L

 D
IG

IT
A

L
 L

IB
R

A
R

Y
 M

E
D

IA
N

E
T

M
A

T
E

R
IA

L
 D

IG
IT

A
L

 L
IB

R
A

R
Y

 M
E

D
IA

N
E

T
 N

et
w

o
rk

in
g

 a
n

d
 M

ed
ia

 C
o

m
m

u
n

ic
at

io
n

s 
R

es
ea

rc
h

 L
ab

o
ra

to
ry

 N
et

w
o

rk
in

g
 a

n
d

 M
ed

ia
 C

o
m

m
u

n
ic

at
io

n
s 

R
es

ea
rc

h
 L

ab
o

ra
to

ry
 N

et
w

o
rk

in
g

 a
n

d
 M

ed
ia

 C
o

m
m

u
n

ic
at

io
n

s 
R

es
ea

rc
h

 L
ab

o
ra

to
ry

Course Composer

Course Composer

Sample Capability-2Sample Capability-2

• Question: Help me creating a “Quiz” on thermal
conductivity. Can you find some questions?

• Course Composer: How hard you want them to be?

• Question: I think about one or two should be of simple
complexity but one must be quite hard.

• Course Composer: OK! I have found three questions-
one multiple choice- testing the area of “gases at low
density”, one narrative type question testing the area
“liquid”, and another mathematical type testing the area
of “solid” area. The last one is quite hard as it would
require knowledge about all four prerequisite areas. I
think roughly it will take 25 minutes to answer them.
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Course Composer

Course Composer

Sample Sample Capability-3Capability-3
• Question: I would like to know what topics I should

cover for a new transport phenomena course I am
developing specially for Biology majors. What
preparatory topics to be added to current topics?

• Course Composer: I would suggest that you add
a review discussion on “partial differential
Equation” and “numerical solution approaches”.
Also I suggest that you include discussion on
“vascular wall” and “blood biochemistry”.
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Fluid Dynamics

Viscosity

Reynolds
Number

Navier-Stokes
Equation

Friction factor

Newtonian
Flow

Turbulent

Molecular
Flow

Gases
@ low
density

Liquids Suspension
& emulsions

Boundary

conditio
n

Circular
tube

A
n

n
u

lu
s

Adjacent
Immiscible

Sphere

Momentum
flux

Ducts Jets

Packed
columns

Tubes Around
Sphere

Laminar

Non
Newtonian
Flow

PDE(N2)

Basic Physics (N1)

1

1
1

1
1

0.5
1 0.5

1
1

1

1 1

0.
5

1

1
1

1 11
1

0.50.5
0.5

0.5

0.5
0.5

1

1
1

1
1

0.5

1
0.5

1
1

11

1 1

0.
5

1

1
1

1
11

1

0.50.5

0.5

0.5

0.5
0.5

1
1

1
1

1



12

Heat conduction
and radiation

Thermal
Conductivity

Fourier's law

Gases at lowdensity

Liquids Solids Bulk mat.

Rad. combined
convection

Rad. heat
transfer

Heat
eqn.

in Transparent
solids

Heat
conduction

Radiation
from gases

Heat Transfer

G
as

es Energy
equation

Rectangular
coord.

Curvilinear
coord.

w/ Forced
convection

Transfer
coeff.

Tubes

w/ Natural
convection

Coeff. for
natural

convection
Quenching

Others

Radiation

in Solids

1-d steady state
system

Cylindrical

Spherical

Thermodynamics (N3)

PDE (N2)

Basic Physics (N1)

1
.5

1

.5 .5
.5 .5

1
1

1
1.5

.5 .5 .5 1 1
1

.5

1
1

11

.5 .5
.2

.2 .2

.1

1
1

.2

Semantic Topic Graph (part-3)



13

Semantic Topic Graph (part-2)
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Course Composer

Course Composer

ChallengesChallenges
• Flow

– Pedagogical uniformity
• Ontological uniformity
• Seamless use of examples

• System
– Access to document fragments
– Third party value added annotation

• We envision the translation/ conversion onsite. It is
scalable in global sense only if the services can be
integrated instead.

• Evolution
– Capturing user’s act of design for reuse

• Evaluation
– How good is a composition?
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Course Composer

Future WorkFuture Work

• By April..
– Topic Composition
– Linearization
– Complete Lecture Plan
– Homework Composition

• What’s Possible
– Creation of all lecture materials!

• Customized text book
• Lecture notes
• Hand notes
• All tests, exams and assignments
• Course portal
• Customized course material for special students (gifted,

handicapped, blind)
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Question? Feedback? Ideas?Question? Feedback? Ideas?
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