

Scalable Computational Science Education Portals

Information Technology will be a central feature of peoples’ interaction with and understanding of the world.  We are seeing the emergence of computational infrastructure which realizes this promise for increasing numbers of scientists and engineers.  It is critical that students and the workforce share this framework for living, working, and understanding.   In order to achieve this,  educators and disciplinary specialists must be able to rapidly and effectively link teachers and learners to the ‘grid’.

Goal

The goal of this project is establish the foundations for effective education portals that interoperate with the computing portals that will be the interface to the spectrum of computing, information services, and instruments available on the grid.  This work will impact education and the IT workforce directly and indirectly.  It involves basic computer science research in the areas of event based collaborative frameworks, information modeling, and human computer interfaces.  We have assembled a dynamite team that includes computer scientists, computational scientists, learning scientists and has access to a wealth of resources for testbeds through EOT-PACI.

Team (members still tentative)

This project brings together an inter-disciplinary team of computer scientists, computational scientists, educators and educational researchers to investigate and prototype web-based IT environments that are scalable and sustainable for learning mathematics, science and engineering in formal education and workforce training settings

PI’s: Giles, Fox, Moore, Gomez

Senior personnel: EOT-PACI partners and other learning scientists including 

Spelman, Moorehouse, Clark Atlanta – Charles Hardnett

Houston Downtown – Richard Alo

AIHEC – Tom Davis, Mark Trebian

NCSA – Lisa Bievenue, Scott Lathrop

SDSC – Ann/Cheryl?

Shodor – Bob Panoff, Steve Stevenson

Trace - Vanderheiden

SDSU – Kris Stewart

Michigan – Barbara O’Keefe

SRI – Mark Schlager (evaluation)

Computer Science Research Challenges

In order to make formal and informal learning in math, science and engineering more accessible to researchers, educators, trainers, and learners of all ages and abilities, one must construct an environment that enables individuals and groups to learn from existing knowledge bases, to be able to assimilate the data and information to solve problems, and to be able to demonstrate new critical thinking skills acquired in the process.

The research focus of this project is on portals, web-based knowledge gateways that integrate commercial and academic tools with resources available on the Internet and the Grid, to provide an environment that adapts to the needs of the individual learner.  The portal architecture will need to support seamless access to distributed national resources.  These resources include distributed databases, prototypical and large scale scientific simulations, immersive visualization environments, as well as colleagues, mentors, and experts in the field.  The resources will be accessed in asynchronous and synchronous modes including real-time interactive capabilities. A base architecture for such portals is defined by emerging web-based, distributed object, component technologies and information repositories standards.  

Edited Dialogues
The project "Scalable Computational Science Education Portals" will address critical research issues in understanding how information technology (IT) can be used to support event based learning. The opportunity for fundamental computer science research is the recognition that event based models of information are needed to support: 

… Event based learning models 

… Event based collaboration 

… Mapping of information into partially ordered sets 

Event based modeling
:

By applying a consistent model for information across existing information collections, teaching models for transfer the information, and collaboration models for delivery of information, it will be possible to dramatically improve the ability of the nation to support education. Results will include the ability to use current scientific data collections within educational settings, the ability to map between the information organization provided within a collection and the information organization required by the teaching model, and the ability to support the teaching model within a collaborative distributed environment.
As part of research an event will be characterized as a transfer of information. By organizing information and learning on event based principles, there exists a commonality within education and collaboration that can be characterized as follows:

The learning process consists of a sequence of events whose aggregate information transfer covers the set of information provided by an educational course. The sequence of events is partially ordered, as not every student receives the same information.
In distributed environments, collaborative sharing of information can also be cast as a sequence of events. The collaboration environment imposes a second partial ordering upon the information delivery. 
Finally, the information that is accessed from a collection, is also an arbitrary 
subset of the total information content of the collection.
Event based models for these three components (information resource, teaching methodology, and collaborative distribution of information) can all be characterized as partially ordered sets of information. The challenge is to facilitate mappings between these posits.

Four efforts are needed and will be used to realize the goal of Scalable Computational Science Education Portals: 

1) Development of event-based information models for teaching.

2) Development of information models that support extraction of posits from scientific collections into the event-based teaching models.

3) Development of event-based collaboration models for delivery of information 

4) Integration of event-based collaboration and event-based teaching models within a PACI testbed.

Event based "partial ordering"

Partial ordering is further defined as sets of events whose relative time ordering is functionally significant (for example, the events initiating and comprising the multimedia streams described below in event based Audio Video) and there are others which are unrelated. Thus, even though time stamps allow for a total ordering of all events (assuming that there is no problem establishing global time at the required resolution), only a partial ordering of related events is significant. So for multiple clients, this says there are a number of tags for time, recipient, and event-type. One can choose to sort in many ways and as in distributed recipient-specific queues, even use this sorting to implement storage of distributed data-base 
The term "partial ordering" can be replaced. It is currently being used to describe the learning situation in which each student sees or comprehends a different sequence of events. The actual learning sequence becomes quite complex if information is repeated during the course of instruction, and the students do not comprehend any particular set of information. The ordered set of understood information transfers can then be different for each student. The sequence of information understood by each student will be a differently ordered set. It may be possible to describe this as a partial ordering of the original instruction stream.
One consequence for collaborative learning is to be able to determine whether the information has been understood. One way to do this is to require a response, and change the order of information delivery passed upon the correctness of the response. An event corresponding to information transfer in an educational setting may require a successful acknowledgment that the information is understood.



· 
· 



Events Defined:

Events are units of information (essentially messages) which have various tags which perhaps always include a time-stamp and also others such as "sender" "subject" (as in email events), some indicator of domain (to distinguish mouse, email, voice, user customization events) etc. Sometimes as in email or MPI messages, events are sent out and stored in distributed queues associated with particular recipients. Other times they are "all" stored somewhere (usually in a source dependent queue) and then "listened to" by recipients who register interest. Given the large number of events implied by integration of all communication into queued rather than synchronous delivery, the "architecture of event system" appears a major issue. I usually note that "collaborative systems" essentially federate otherwise disjoint event services. (e,g. they transfer mouse events from one machine to another) 

Events for audio video conferencing:
Audio Video conferencing is one of the tools utilized for scientific and educational collaboration and instruction.  Current approaches involve 3 distinct buffer (aka event) sizes 

1) Real-time audio/video conferencing (CUseeMe, Tango, Access Grid) fraction of a second 

2) Real Audio (several seconds) 

3) Download file locally and play (indefinitely large) 

Thinking of AV as events (with very fast real time processing if necessary) of a small size which can be concatenated for modes 2) and 3) (and transmitted redundantly for mode 1) appears to me to allow more flexible robust A/V conferencing where you can dynamically move between 1) 2) or 3) dependent on line-quality and lateness of arrival of listener to a session. This is perhaps a special case of integration of synchronous and asynchronous collaboration enabled by an event based approach. It also emphasize that a difficult issue (computer science research) is retaining real-time (high) performance for synchronous modes even with intermediate buffers and filters (for user customization such as that needed for universal access) A simple but important issue is "event format" (e.g. XML DTD for events) which allows very fast retrieval of critical tags and allows a more relaxed analysis to fully process (in a message lingo, we need certain tags in message header)The event model is the most natural ("best") for all portals. 

Event Based Collaboration and Learning Models.
Identification and support of "learning specific functions" is important. 

Assessment is a good example of a critical learning area which is not so critical in other portals (although in commerce portals, merchants would data-mine your navigation through the portal to both evaluate portal and decide how best to market to you) 
We are currently emphasizing collaboration more than say the current discussion of "computer portals" does. Is this a difference?




One of the recognized aids to learning is the ability for students to interact with their peers as they gain understanding. Collaboration environments have been focused on delivering the same information to each person. An extension would be the ability to promote interchange of information between students while they are receiving the flow of information from the teacher. An example would be the validation by a peer that a student has understood a concept, rather than by the teacher. This implies the collaboration environment supports multiple simultaneous sessions, between teacher & students, and between peers within the class. In an educational setting, the collaboration between the peers can be structured to focus on the information that is being learned. In the computer science context, instead of the acknowledgment going from the original receiver of information back to the source, the acknowledgment now is validated by a distributed third party.

This is an area of great interest in problem based learning (PBL). The approach is to bring a group of learners together with a facilitator. The students are posed with a problem - they then develop hypotheses, collect information available, and identify learning objectives they need to spend time learning to address the problem. They work as a team to derive a response/solution to the problem. The interest in PBL groups is how to use information and collaboration technology to support this kind of group learning in a distributed fashion in which the students can not be physically co-located. In this model, the primary information flow is among the students, with guidance coming from the teacher (facilitator). The process brings in information from a variety of other sources including electronic information as well as information from experts in the field.

















Roscoe was 
interested in the idea of 
"instrumenting" educational web sites to enhance the ability to do learning 
 assessments. 
Geoffrey has two students who are writing theses in this general area
. The thesis that is almost finished is meant to discuss 
the role of client (mouse-clicks etc.) and server (web page logs) events in 
assesment 


It would be interesting to address the length of time and depth of 
discovery within on-line sources (web pages, databases, simulation and 
visaulization models, etc). It will help assess whether someone is really 
engaging with the electronic source, and to help determine whether the 
source is useful to, or of interest to, the learner.

Portal Automated adaptation (Is this appropriate/feasible for this proposal?)
> * Another related activity is the portal's adjustment to capabilities of the 

> user (for example, people with disabilities). The generalization is the way 

> in which the portal models its user. The education portal must (?) be able 

> to model properties of the user that the user is perhaps unaware of and 

> therefore unable to simply set as a preference. How ambitious is this 

> element? 

Trace center is key here. Geoffrey thinks Trace believes this is a huge exciting 
project and putting it in this proposal is inappropriate. 

Geoffrey's favorite portal architecture today (namely Berkeley's Ninja system) is a good 

framework here. It is built around events with active proxies to be "agents" learning 

and mapping data 

An ability for the portal to adjust to the learner's abilities including 
their level of knowledge or expertise in the field would be useful. It is 
related for example to the language and terminology used by the learner - 
the same words can be used in different disciplines and different cultures 
with different meanings. A system that "knows" the learner, may be better 
able to introduce/guide them into new concepts. This may help guide the 
level or amount of tutorial versus reference information that might be 
provided to guide someone as they learn. The level of assistance needed 
would be useful to incorporate in the assessment instruments.
"Knowing a user" also means having a long-term history of the individual. 
The system can remember, perhaps better than the individual, what they have 
previously learned and since forgotten. This may mean recording and 
tracking interactions and discussions for later recall. A system that 
knows the user can remind the individual of what they had forgotten, or 
review the materials they had been through (whether it was a week ago or 10 
years ago). On the other hand, the individual can alter the "knowing" to 
indicate the knowledge base has changed and past information may no longer 
be valid - the system needs to adapt to the new knowledge base. A related 
technology issue (beyond the scope of what has been proposed) is how to 
capture and maintain this digital information across time as the technology 
base evolves and as old media wear out. Otherwise, the electronic memory 
may be much worse than the individual memory.
It would be good to be able to capture the knowledge mapping of others we 
know and what those others know. A portal could maintain a record of 
everyone a person knows, and what those other people know, so an individual 
can contact them when their expertise is needed.

There is an issue of privacy in all of this as well. To what extent are 
events tracked, recorded, or assessed, and to what extent is an individual 
able to conduct electronic learning with no recorded history. And to what 
extent can the system guarantee this privacy?


> * Finally, what about non-human portal users (agents?). Is it not part of 

> our portal philosophy that portals should be functionally usable by agents? 

> Does this include the education portal? 

Yes -- describe a good example where this is useful?

On the web, Everyone is a Cyborg

The portal interface must be carefully designed to support both human and machine (agent) access.  The apparent dichotomy between this two choices is badthink (and will be punished!) (   Increasingly, people will carry elements of their personalized interface along with them in cyberspace rather than approaching things like the portal with only simple browsers. They will need the ability to put portal information in their “notebooks” and “sketchpads” etc.

Learning Science Challenges (Louis/Doug)

Structure of learning portal and information system based on latest educational research

Adaptation to the individual

Research on methods and techniques to continuously adapt to the user – interests, learning level, style, culture, language 

Research on meta-data and databases to track a user over time

Experiences (meetings, courses, collaborations) recorded, indexed and searchable over time

Assistance tailored to the level of understanding of the user

Integrate educational research on collaborative learning styles of individuals and groups with the CS research

Applied to portals and access grid environments

Assessment of IT in courses and to support groups and individuals

Research into effective instrumentation techniques for capturing data on usage that can be assessed

On-line tools for testing and evaluation of groups and individuals

Testbeds

National testbeds formed through partnerships with EOT-PACI partners

Testing and evaluation of the research efforts integrated into classroom settings

Asynchronous and synchronous learning environments

Distributed learning environments

Computer Science, Computational science, information sciences courses

Undergraduate courses and/or modules

Support provided for curriculum development

At MSIs (HBCU, Hispanic serving, and Tribal Colleges) and at other institutions

K-12 courses leveraged through EOT partner efforts

Testing and evaluation of usability, especially with regards to individuals with disabilities

Provide feedback into iterative CS and education research designs

Seek partnerships with industry for testing and evaluation of CS research designs in workforce training situations 

Student Involvement

Graduate and undergraduate students involved in all aspects of project

Commitment to involve under-represented populations through efforts with MSIs and EOT-PACI Women/minorities Team

Impact

K-12 impact.  Mention secondary level.

Giant EOT-PACI leverage.

Demand for this from EOT-PACI.

Students everywhere.

IT is like electronics.

Sustainable beyond the grant in various curricula…

ITWF: Developing the technology for a portal that will make computational science accessible to K-16 and everyone else.  Byproducts include an IT curriculum from research to develop architecture.

Reference info.:
This CS research is an example of manipulation of event based data.

The title of Mr. Bhonsleís dissertation will be ìSemiorder Model for 

Temporal Composition of Activities from Events in Multi-Sensory 

Information Management Systems.
This dissertation addresses issues in event and activity based information 
retrieval in visual information management (VIM) systems. The primary 
focus is on the 
temporal composition of activities from events, which are a type of 
atomic semantic units 
in visual and other sensory information. It is shown that associating 
a bounded interval 
of uncertainty,D, with event occurrences forces the concurrency 
between events to be 
intransitive. Such intransitive concurrency between events are not 
modeled by sequential 
or weak order temporal compositions. Semiorders, which form a proper 
subclass of partial 
orders, model such compositions under the assumption of a fixed 
common bound for D over a 
set of given events. Semiorder based model provides a natural 
evolution of sequential and 
weak order composition rules for activity composition from events.
The issues of justification of underlying assumptions, expressive power, 
and computational complexity 
for morphism class of operations on semiorders are addressed in this 
thesis. The 
canonical tree-like structure of semiorders is described and 
efficient algorithms and 
heuristics for morphism operations are presented. Many issues related 
to the usage of the 
model in the context of activity retrieval in a multi-sensory 
monitoring environment, 
which produces a large amount of sensor data, are described. The 
architecture that 
implements the semiorder model includes a transducer subsystem for 
detection of atomic 
events and a semiorder database that stores events and their temporal 
semiorder order. 
This database provides facilities for flexible definition and 
retrieval of composed 
activities. The semiorder data model, an algebraic query language, 
and a semiorder 
pattern definition language are main components of the semiorder 
database. The semiorder 
data model extends the relational model with semiorder ordering of 
tuples. The query 
language provides for many classes of operations including classes of 
ordered aggregation 
and morphism operations. Morphism operations work with semiorder 
patterns as well. 
Details of the query and the pattern definition languages are 
provided and related issues 
are discussed in this thesis. Finally, the implementation of 
architectural components is 
briefly discussed, and results of a few illustrative queries from the domain of 
multi-sensory monitoring environments are provided.

