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Abstract/Introduction

Extending the reach of high-speed communications networks to rural sdistratts is a
challenging endeavor, especially in regard to transportation aedsacosts. Chief among the
services often denied to students on the wrong side of the digital éviickernet2. Internet2, a
high-speed network formed by an international consortium of collegersities, and research
partners, has the potential of extending high quality/high-bandwidth caamdrgervices to the
most under-served teachers and students.

The Center of Excellence for Remote and Medically Under-Sekveds (CERMUSA), an ac-
tive member of the Internet2 community since initially conneating003, has recently become
an “aggregation point” for three Pennsylvania Intermediate Uniterepassing approximately
70 school districts throughout the most rural regions of the stédis. research project, dubbed
“the Rural GigaPoP,” represents the logical progression of QERMs involvement in distri-
buting and producing content for Internet 2. Over the past threg. ggBRMUSA has used In-
ternet 2 for the provision of a myriad of interactive distanaenieg programs, including foreign
language, medical simulation, and musical education.

This paper will outline the processes and lessons learned frommeptieg the network, and
the outreach to the various schools regarding the use of the technology.

Background
There were several components involved in creating the rural aggregation point.
The Center of Excellence for Remote and Medically Under-Served Ared€ERMUSA):

Saint Francis University’s Center of Excellence for Renaoteé Medically Under-Served Areas
(CERMUSA), a Department of Defense-funded telehealth and destaaming applied research
initiative, has been researching ways to deploy high-speed commamita@tidistance education
and telemedicine in rural areas since 1994. Extending InternetZdodsslated communities
fits closely to CERMUSA'’s mission to bridge the digital divioketween rural and urban Ameri-
ca.
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CERMUSA joined Internet2 in 2003 and has performed research in ayvalrigteas, most not-
ably with patient simulation at Naval Health Research Cerfan-Diego. CERMUSA's Inter-
net2 research efforts have also been publicly discussed and disselrahaicademic confe-
rences and publications including Internet2 Annual Member confererides.Rural GigaPoP
project was conceived and supported by CERMUSA, and has its roo®vioys and ongoing
CERMUSA research projects such as the Wireless Campus, Roaadl Mobile Classroom
(PortMoC), and Mobile Communication Platform (MCP). The proliferatf affordable rural

broadband and potential Internet2 access within the educational communitgeerd years has
enabled CERMUSA to experiment with more robust types of disti@acring, particularly in-

teractive video.

Internet2:

The availability of cost-effective bandwidth is a major stuntplblock to providing distance
education or telemedicine. This problem is compounded in rurehuste areas where econom-
ic issues preempt any solutions that may be costly. Telecoroatioms, broadband Internet,
and other communications providers often choose not to upgrade ruraluchasts, due to the
lower potential for return on investment from declining population basssa result, individu-
als in these areas often pay higher rates for lower levels of servicaé¢mamrban counterparts.

A wide range of research has been compiled regarding the issaesnactivity and telemedi-
cine/distance education. The Scott Report in the mid-1990s describadklud Hata connectiv-
ity and the needs of rural physicians. A report from 1995 regardmageconomic development
in Pennsylvania stated:

Telecommunications can help overcome challenges to rural econenatogdment by
providing a cost-effective substitute for capital in the productiongsgamproving the
guality and the reach of modern medicine into rural areas, and intngddistance learn-
ing applications that can improve educational achievement in rues. d&gen relatively
small geographic areas can be affected by investment coteteunications infrastruc-
ture (Cronin, et al, 1995).

A further study in Australia found that:

Heavy reliance on paper-based learning material can becoindtiag factor in the
learning process. It is our judgment that information systemsitgafrom an enterprise
management view is enhanced by integrating the communicatioaileeapability pro-
vided by the Internet with paper-based material (Cooke and Veach, 1997).

The string tying these pieces of research together i®a floe Internet connectivity to enhance
education in rural areas. Rural areas, as cited by CroninabbaE, demonstrate this need for
expanded access to information. However, not all information, edgemathe Internet, is use-
ful for education or training. Some of it can be detrimental tdgaming process. Individuals
are familiar with the negative aspects of the Internet, fronatim®ying, such as spam and pop-
up ads, to the malevolent, like viruses and Trojan horses. Theseffsitis’eof the Internet can
interfere with the transmission of education and information. Thlseigurrent state of what is
known as the “commodity Internet.”
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Internet2 is not hindered by the trappings of the commodity Intersta subscription-based
consortium, Internet2 is devoid of for-profit commercial trafficiauns on a private, high speed
fiber data infrastructure known as the Abilene Network. This n&twasses the country and
interfaces with other international high-speed education netwonkiernét2 has membership
requirements that block unwanted and bandwidth-abusing activities ssparaming, peer-to-

peer file sharing outside of research, and commercial activities.

Research and education activities thrive within Internet2, includirigal cadaver dissection,
foreign language education, and distributed supercomputing, among othtametR is being
utilized in colleges/universities and some school districtsrfyan/suburban areas. Despite the
obvious advantages of high-bandwidth and lack of competition with conahart@rnet traffic,
Internet2 has not been fully utilized in rural areas, mainlytdube cost of communication net-
work deployment. CERMUSA realized this need among the rural xlandl set up an Inter-
net2 aggregation point to address the issues of cost and access.

CERMUSA connects to Internet2 via the Metropolitan Area GigadPuRdelphia (MAGPI) at

the University of Pennsylvania, Philadelphia, PA. MAGPI is aoreg GigaPoP (high-speed
network distributionPoint of Presence) for Internet2, connecting sites in Pennsylvania, Dela-
ware, and New Jersey. In addition to the Internet2 connectivity, RIAfBovides content ser-
vices and promotion of Internet2 events among their members.

Rural Aggregation Point:
History:

A number of steps led to the creation of the Rural GigaPoP. CERMIuS identified the
Glendale School District in Flinton, PA as an institution capablanpfoving curriculum via
access to Internet2 resources. As a recognized innovator in wghragplications, Glendale
has shown willingness in the past to explore new approaches in ieduc&8bme examples of
this integration between technology and education include:
- Provision of laptop computers to the Junior and Senior High school students
Creation of an integrated website and student performance recabdingrmparents to follow
their children’s progress in school
Provision of computer training for the communities Glendale serves
Creation and support of wireless and wired networks in the schddbeal community for
provision of broadband internet access to large portions of the school district population base

CERMUSA planned to assist Glendale in gaining access to suppmargic instruction from
the Cleveland Institute of Music (CIM), a nationally-recogdiggovider of musical distance
education. Due to Glendale’s rural location, students did not hadg ezcess to specialized
music instructors for master classes or other training. @tMlarly offers such types of instruc-
tion at a distance; as such, services from CIM were retéomedis connection. Due to the level
of audio and video clarity anticipated to be necessary for suateseiote music instruction,
Internet2 appeared to be the best possible solution to achieve this link.

For these music activities to happen, the Glendale School Districto be connected back to
CERMUSA via a high-speed connection. The incumbent local exchangasdnad proven to
be both exorbitantly expensive and unreliable; as such, Glendale readlyeeplaced their
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wireline-based internet service provider (ISP) in favor of a néwless approach from Sting
Communications of Lebanon, PA. CERMUSA contracted with Sting to previdgional wire-
less link between the John P. Murtha Telehealth Research Ladyoira Loretto, PA, with the
Glendale School District.

Sting planned to install radio transmitters using unlicensed fresemn the 5.8 Gigahertz
(GHz) range. These radio transmitters had the capabilitpriiecting two sites wirelessly by
transmitting up to a 72 Megabit per second (Mbps) connection. Taeéms would also inter-

face with CERMUSA’s computer network, thereby being the bridgeveen Internet2 and
Glendale at a throttled speed of at least 10 Mbps. Additionally, Sting presé&RMUISA with

a plan to migrate its existing backbone WAN connections to adytireless and fiber optic

network. This proposed network would enable CERMUSA to cease elentelecommunica-

tions carriers and to increase overall connection speeds ahg@¥W¢AN sites without a substan-
tial change in cost.

This project was of research interest to CERMUSA for seveesons. The primary reason was
an assessment of the technical issues that surrounded longaistanibcensed data transmis-
sions. Other research ideas that arose pertained to educatiomodrealaquestions of interest
to be researched were:

How do the “online” students fare against their regularly-instructed stiddents

Could this approach be used for other education, such as language education?

CERMUSA hypothesized that access to Internet2 would positivebgtadfducation in primary
and secondary schools. The idea was not to replace teachers las#ieams with televisions
or computers, but to enhance the students’ education with Internet2. plegaofi these en-
hancements include live, two-way video teleconferences with auth@@entists, or live elec-
tron microscopy, to name a few

During this time, CERMUSA also contracted Sting Communicationsiétwork transport ser-
vices and migrated all core Internet and Internet2 connectivityhtgbad wireless/fiber optic
system in Summer 2005. Due to a series of technical difésulhis transition was nearly three
months behind schedule.

In addition to the events going on at CERMUSA, the Pennsylvania Degarof Education es-
tablished Act 183 as a means for school districts to receive m@amy to build high-speed net-
works in their districts. Telecommunications companies wereethvid bid on the Internet2
transport provision to the 29 Intermediate Units (IUs) in PennsylvaBtang Communications
was the sole bidder to IUs 8, 9 and 10. CERMUSA was named bddimet2 service provid-
er.

IUs 8, 9, and 10, collectively known as the Regional WAN Consortiumeth@ERMUSA to
submit pricing for the provision of Internet2 Connectivity to 60+ schodlsirwthe three 1Us.
CERMUSA would act as a connection point for the 1Us, with digntaisport being provided by
Sting Communications’ wireless/wired network. CERMUSA suladitiscount pricing to the
consultant handling contract negotiations for IUs 8, 9, and 10 and wadeah@antracts on a
one-year per IU basis during the Fall of 2006.
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Due to several technical problems, including radio frequency inteiderand severe network
outages, CERMUSA discontinued contractual relations with Sting Comatiams in the spring
of 2006. As Sting Communications still had the contract to fulfilhwine local school districts,
CERMUSA agreed to allow the company to continue equipment co-locatikey facilities in
anticipation of becoming the 1U 8, 9, and 10 aggregation point.

Current State of the Network:

In 2006, the 72 school districts in IUs 8, 9 and 10 had the opportunity to tupthe Internet2
network. Districts that chose to opt-in had to set up networking eqotppead by Act 183 dol-
lars. The IUs budgeted for the Internet2 service from CERMU&sed on negotiations during
the Spring of 2006.CERMUSA negotiated individual contracts with each of the IUsdase
their anticipated bandwidth requirements. Despite the labor invoivbis project, CERMUSA
sold this bandwidth at a partial loss as a means of recoverirggfoostie core Internet2 connec-
tion in order to maintain this link as a university resource.

The IUs themselves determine the levels of connectivity avaitatldach individual school dis-
trict. Because all bandwidth ultimately is routed from a shéink at CERMUSA, connection
speeds can be raised or constricted upon request, so long as thedspeeidexceed the back-
haul to MAGPI. Because of this network management, should a scktraltdieed more speed
on their connection for demonstration, CERMUSA and the respectiwarlprovide it for a li-
mited time.

Figure 1 shows the Regional WAN network configuration and connection to CERMUSA:
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rarics; fesumeel wics | 1U8-9-10 Internet 2 Aggregation Network Diagram |

through-out the world
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Philadelphia, PA

CERMUSA Border Router
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Router/Sting Go-location

U 8-9-10 Schools

Figure 1

As of this writing, the CERMUSA Internet2 network extends into 4®sktdistricts in Interme-
diate Units 8, 9, and 10, as shown in figure 2:
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Pennsylvania Intermediate Unit Map

Figure 2

With CERMUSA and Sting working together to provide the Internetfise, an agreement on
demarcation and responsibilities had to made between the two. diinesponsibility were set
as follows: CERMUSA was responsible for logical managemetit agind participating school

access to Internet2 via an established fiber link between LoRAt@nd the MAGPI network

operations center (NOC) in Philadelphia. Sting was responsibléhéowide area network
(WAN) connecting all participating schools and IUs to a commonecaand ultimately back to

CERMUSA. To use a crude analogy, Sting was deemed responsks#epgahe “pipes” con-

nected and CERMUSA to keep the “water” flowing.

Due to the somewhat abstract and complex nature of the relationshgeheSting and CER-

MUSA, CERMUSA developed a troubleshooting guide for network administtatdrich was
posted on our project support website. This guide is reproduced below as figure 3:
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Ping 198.32.8.77, a router
off the Abilene (12)
backbone, pingable only via
12

Your 12
cannection is
waorking! No
need to
continue

1l

There is a problem somewhere, test
connections from your router out.

paled 4

‘ou may need revie
‘your router configuration
or contact Sting
Communications if they
did tha inilial routing
canfiguration.

Ping 216.27.102.x or
216.27.103.x, where x is
your router's 12 IP address

There is a routing
problem on your
network,

1l

Your network is working
properly, please continue.

Inyssa0ang §|

Ping 216.27.102.1486, the
CERMUSA 12 aggregation
router

here is potential
problem with the
Sting link. Please
contact Sting

ommunications,

There is a

potential
transport problem
to CERMUSA

i

The Sting link is up,
please continue.

|nysseong §|

There is a
potential
CERMUSA
network problem

Ping 216.27.102.1, the
CERMUSA 12 border router

li

The CERMUSA network is
working, please continue

|nyssaoang 4|

There is a
potential problem
with the
CERMUSA-
MAGP! link

Ping 216.27.100.25, the
MAGP1 side of the
CERMUSA-MAGPI 12 link. If Failed

The CERMUSA-MAGPI
link is up, please continue

Ping 216.27.100.22, the
MAGPI router to the
Abilene (12) backbone

There is a
potential problem
with MAGPI
network

i

The MAGPI
network is working,
please continue

Ping 198.32.8.77, a router
off the 12 backbone If Failed

|nyss89ang ¥

hat router or the
Abilene network
may be down, try

Internet2 connection
troubleshooting
flowchart

helpdesk at 800-901-

]

to ping
192.88.115.128

| If Successful

It should work at this point.

CERMUSA
10/6/2006

Figure 3
Schools and Internet2:

Since becoming the rural aggregation point of Internet2, CERMUSAdw®s involved in every
aspect of Internet2 integration in the IUs and districts. CERMUas visited many of the asso-
ciated IUs and school districts, and has hosted a number of ins¢ractd educators at the Uni-
versity for demonstrations and questions and answers. AdditionallyMOBSR also created a
web presence/blogvivw.cermusa.francis.edu/interng@nd an email listerv to assist schools in
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troubleshooting and to disseminate information about upcoming Internet2 datht&or teach-
ers/students and network certification.

Findings/Lessons Learned:

The knowledge from the network setup and testing proved invalualties tand other CERMU-
SA prototypes.

Although no conclusive data is yet available concerning the effioa the licensed-spectrum
links, the setup portion of this prototype revealed the inherent weakriessn-licensed-
spectrum communications and networking equipment. Despite manufadires that non-
licensed-spectrum gear can be co-located with other similartheaissues caused by spectrum
interference (as well as the vendor’s inability to recogriie froblem) caused severe setbacks
to this project. Additional vendor problems included lack of adequatkeupasower, non-
functional error-checking, questionable wireless engineerintg skatk of follow-up from tech-
nical support, and assorted periodic unscheduled downtime due to lack of redundancy.

These delays, in addition to hindering the progress of the netwetkpedvented any research
from getting started with the Glendale School District. Howe@endale was able to partici-
pate in several CERMUSA and MAGPI events over Internet2, sudidlieay Traditions Con-
ference, an annual program run by CERMUSA to showcase holigdiyidns from around the
world, and “America Reads the Constitution,” a program from MAGRHI llag Constitutional
experts interacting with classes around the country.

Organizations or companies wishing to deploy wireless infrastei@s part of a production
WAN should carefully analyze the pros and cons of both licensed andceasdd-spectrum

networking gear, as well as the pedigree of the wireless comatioms services providers they
are considering. In addition, companies opting to use a contraateseprovider rather than
building their own infrastructure should carefully assess that ¢edsi ability to deal with spec-

trum issues.

Schools and IUs became the critical piece to this projeatsess. Some lessons learned in the
process of integrating the teachers and schools to the Internet2 network:
Marketing: Teachers and schools did not necessarily understaridinidraet2 was.
The most effective method for explaining the value and benefitatefnet2 was live
demonstration. When shown a live demonstration of a specific applicttie teachers
began to grasp the value of Internet2 within their classrooms and hagosgtive things
to say about it to their colleagues and to the IUs. Some ofvihelémonstrations in-
cluded:
o0 The Internet2 Electron Microscope at Lehigh University (PA)
o A simulation exercise with NASA’s Goddard Space Flight Center
o The Ann Arbor (MI) Hands-On Museum
0 Spanish language instruction from Saint Francis University

Contact: It was found early on to have separate distinct pointsntdat at schools and
IUs for both technical and pedagogical issues. This differemtiatas important in that
if CERMUSA had to perform any network upgrades or services, tiweorieadministra-

tor in the district would be the one to call. However, the same network administeator
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not have the contacts in the district to advertis& grade-level history project being pre-
sented on Internet2 to the teachers, for example. Therefmr@nportant to separate the
network contacts and the content contacts.

Communication: Items like the listserv and the Internet2 blag Wwelpful in addressing
both teachers’ and system administrators’ questions and concerns.

Future Plans:

CERMUSA hopes to grow its own Internet2 connection from its cub&a8B (45 Mb/s) connec-
tion to a higher speed connection, based on the growth in overalhdenta addition to the
bandwidth growth, increased redundancy for a higher quality of sesviatso in the future
plans.

CERMUSA also intends to make this aggregation project a seHtsung entity, thus moving to
a service provider rather than research model. Although CERMUSAndbesant to run the
aggregation point as a for-profit entity, a higher number of sudescsichools will be necessary
in order to break even on this project.

To this end, CERMUSA also wants to bring on more schools in théolUWgernet2. In the past
year, CERMUSA has seen growth in participation in the connected sahdabls 8-10, not only
from our presentations, but presentations hosted on Internet2. CERMIS&Aarticipates in
outreach to show schools that are not connected what they aiagrassl to bring them on
board.

Conclusion:

This project showed the challenges of bringing high-speed datananications and Internet2
into rural school districts. However, the greater challengeahesd in utilizing the network to
enhance education. The lessons learned in constructing and implementiegatbek, and get-
ting educator buy-in for use in classes will make this progtissistaining and provide a benefit
to rural areas and the educational community at large.
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