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What do Starbucks  QUOTE "(Brewin, 2001)" 
(Brewin, 2001)
, the Viking warrior king "Bluetooth"  QUOTE "(Bluetooth, 2001)" 
(Bluetooth, 2001)
, and international students at our local University of Oregon's  American English Institute all have in common? They have caught the wireless wave, a "wired" (online) but "untethered" (cable-free) version of surfing the Web and interfacing with the Internet. Starbucks will put wireless networking in its coffee shops starting this spring, Bluetooth has lent his name to a fast-growing, start-up wireless endeavor, and our department is just trying to stay abreast of all the change. "Is it magic?
"  and "In a  short time, I expect we might feel the same way when we think back to the days when we actually used wires to connect our computers. For I have discovered the luxury of a wireless LAN (WLAN)  QUOTE "(Wright, 2000)" 
(Wright, 2000)
" are typical responses to the cordless computing experience. All hype aside, this paper gives a brief history of radio frequency (RF) wireless communication/computing, looks at some practical issues around setting up wireless laptop computers and incorporating them in an educational setting, and offers some food for thought on areas for future research. The content of this paper is  based on a combination of a literature review and my own hands-on  experience with setting up a pilot wireless mobile lab for the University of Oregon's American English Institute. Although there is occasional reference to specific equipment, this paper in no way endorses any particular product or company over another. 

A brief History of Radio Frequency (RF) Wireless Communication/Computing

[image: image1..pict]To get the notion of wireless computers straight in my own mind, I started by asking how humans have gone from semaphores and hilltops to iBooks and laptops. The chronological chart that follows, a collection of dates drawn from others' work  QUOTE "(Codispoti, 1999; Jones, 2000; Champness, 2001; Johns Hopkins School of Public Health, 2001; Cable and Wireless, 2001; Shea, 2001)" 
(Codispoti, 1999; Jones, 2000; Champness, 2001; Johns Hopkins School of Public Health, 2001; Cable and Wireless, 2001; Shea, 2001)
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 and by no means comprehensive, points to some key events in the ongoing development of the "loosely coupled" technologies surrounding wireless radio frequency-based communication. While relevant, histories of developments in other related areas that have fed into the development of wireless communication and networking such as electricity, conductors and metals, glass and fiber optics, non-cellular telephony, cabling, and computers are not detailed in the chart or in this particular paper. The issues and properties of other wireless models such as infrared (IR) wireless optical technology  QUOTE "(Pennsylvania State University, 2001)" 
(Pennsylvania State University, 2001)
 are also not part of this discussion since they were not viable options for our educational setting.

1790's
French engineer Claude Chappe invents "optical telegraph:" a series of semaphores mounted on towers, where human operators relayed messages from one tower to the next.

1864
Trans-Atlantic telegraph with copper cable is established.

1867
Maxwell predicts existence of electromagnetic (EM) waves.

1887
Hertz proves existence of EM waves; first spark transmitter generates a spark in a receiver several meters away.

1894-1897
Gugliemo Marconi, "father of radio," experiments with radio waves (Hertzian Waves), obtains patent, and establishes the fist radio factory in the world in England: the Wireless Telegraph and Signal Company, Ltd.

1898
Wireless telegraphic connection between England and France is established.

1901
Radio signals are transmitted across the Atlantic from Cornwell, England to Newfoundland, Canada.

1905
First wireless distress signal is sent using Morse Code.

1914
First voice over radio transmission is sent.

1920's
Radio-based mobile receivers are installed in police cars in Detroit. (Transmitters follow a decade later.)

1927
Wireless radio-based communication services have been established between countries such as England, Canada, United States, Australia, South Africa and India.

1929
Marconi's wireless service combines with copper cable-based telegraph services to form the Imperial and International Communications company.

World War II
Wireless encryption is  developed by the military.

1949
U.S. FCC recognizes mobile radio as new class of service.

1971
ALOHANET at University of Hawaii constructs first wireless Local Area Network (LAN).

1978
Two thousand Illinois Bell Telephone customers in Chicago test the first mobile phones operating on a radio frequency cellular system.

1979
NTT/Japan deploys a radio-based cellular communication system.

1991
US Digital Cellular phone system is introduced.

1997
IEEE ratifies 802.11 wireless radio frequency standard for local and personal area computer networks.

April 1999
Morse Code retired from use.

Sept. 1999
IEEE ratifies revised 802.11b (high rate) wireless radio frequency standard for local and personal area computer networks.

1999-present
Bluetooth QUOTE "(Bluetooth, 2001)" 
(Bluetooth, 2001)
, HomeRF, 3Com, Cisco, Lucent and others compete to develop products to support seamless wireless radio-based networking of computers, peripherals, cellular phones, PDA's, etc.

A series of patterns are evident in the above inventions and events, and reveal an ongoing:

· Convergence and overlay of technologies; for example, combining telegraph cables with RF wireless communication, and combining fiber optic cables with RF wireless communication.

· Desire to move from bound to untethered equipment for communication with other humans and machines: for example, from a semaphore tower that people have to stay in in order transmit/receive communications, to the use of smaller and smaller devices (telegraphs, phones, PDA's, lightweight computer laptops) that people can carry around with them in order to transmit/receive communications.

· Increase in speed and quality of the transmission (communication).

· Proliferation in and refinement of the equipment that supports the transmission (communication): for example, the accuracy of Moore's Law  QUOTE "(Intel, 2001; Moore, 2001)" 
(Intel, 2001; Moore, 2001)

 QUOTE ""  ADDIN PROCITE 110591190200000000010000F1010000414145492D572030343A4C65736C69653A50726F636974653A50726F43697465203420466F6C6465723A44617461626173653A506844206F70702D6265636B6D616E104D6F6F72652032303031202335313530010100100000040000003F6C242A000446FFD199CC0007C1A817440AB0000000150000000004ECCF00 
 which has successfully predicted that each new computer chip will contain roughly twice as much capacity as its predecessor, and each chip will be released within 18-24 months of the previous chip. Recent innovations in transistors could keep Moore's Law in force until 2025, or beyond. By that time, scientists hope to have developed entirely new technologies to replace integrated circuits made from silicon  QUOTE "(Venere, 2001)" 
(Venere, 2001)
.

Wireless communication and computing clearly seems here to stay  QUOTE "(Schwartz, 2000)" 
(Schwartz, 2000)
, whether embedded in your laptop  QUOTE "(3Com Corporation, 2000)" 
(3Com Corporation, 2000)
, fixed from a building top  QUOTE "(Martinez, 1999)" 
(Martinez, 1999)
, or routed through a chip in your cellular phone  QUOTE "(Romero, 2000; Page, 2000; Bluetooth, 2001; ARC Group, 2000)" 
(Romero, 2000; Page, 2000; Bluetooth, 2001; ARC Group, 2000)
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. Controversies surrounding RF-based wireless networking abound. One hotly debated issue surrounds the potential for interference between short-range Wireless Personal Area Network (WPAN) devices such as cell phones with wireless chips, and longer range Wireless Local Area Network (WLAN) devices such as a network of computers with wireless chips, all using the 802.11b standard. Initial research seems to show that the WPAN's and WLAN's can co-exist peacefully in the same environment for now  QUOTE "(Hibbard, 2000; Zyren, 1999)" 
(Hibbard, 2000; Zyren, 1999)

 QUOTE ""  ADDIN PROCITE 1105911902000000000100002F010000414145492D572030343A4C65736C69653A50726F636974653A50726F43697465203420466F6C6465723A44617461626173653A506844206F70702D6265636B6D616E105A7972656E203139393920233331343001010010000004000000405C242A000446FFD199CC0007C1A81644FAB0000000150000000006898E40 
. A second controversy concerns the potential health dangers of being bombarded with radio waves. So far, however, nothing definitive points to any health dangers  QUOTE "(Clarke, 1998; World Health Organization (WHO), 2000; Bernatchez, 2001)" 
(Clarke, 1998; World Health Organization (WHO), 2000; Bernatchez, 2001)
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.

The wireless laptop computers described in the project in the next section all use chips and antennae embedded in the laptop computers coupled with access points on T1 connections that conform to the 802.11b standard. Some access points are wall-mounted and some are portable (more on this in the following section). For more information on how this type of wireless network operates, see:


IEEE 802.11b Wireless LANs, Wireless Freedom at Ethernet Speeds  QUOTE "(3Com Corporation, 2000)" 
(3Com Corporation, 2000)

http://www.3com.com/technology/tech_net/white_papers/503072.html
IEEE 802.11 Tutorial  QUOTE "(Petrick & Zyren, 2001)" 
(Petrick & Zyren, 2001)

http://www.wi-fi.net/downloads/IEEE_80211_Primer.pdf

Wireless LAN Association (WLANA)  QUOTE "(Wireless LAN Association (WLANA), 2001)" 
(Wireless LAN Association (WLANA), 2001)

http://www.wlana.org/

Wireless Ethernet Compatibility Alliance  QUOTE "(Wireless Ethernet Compatability Alliance, 2001)" 
(Wireless Ethernet Compatability Alliance, 2001)

http://www.wirelessethernet.org/
Setting up a Pilot Wireless Mobile Lab
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Students at the American English Institute (AEI) study English as their second (or third or fourth) language in order to prepare for academic studies in U.S. colleges and universities. Like all other students at the University of Oregon (UO), AEI students pay a "educational technology" fee each term that supports the campus' networking infrastructure and general use labs. There is a small pool of money from this fee that is available for use by departments with innovative ideas. Fall 1999, about the time the 802.11b standard really solidified, UO was testing wireless networking in public spaces on campus. At that time, AEI also submitted a proposal to the Educational Technology committee for a Mobile Wireless Lab that could be used in an classroom setting. In short, we said we would provide the cart, software, training and technological support for the laptops if the Educational Technology committee would fund the purchase of a start-up set of laptops for use with students in our classes. We spread the purchase of the requested laptops out over a three-year period to allow for periodic evaluation of the project as an experimental "pilot" and to phase in the acquisition of the laptops in such a way that we could afford to  replace one third of them each year in the future, instead of all of them at the same time:

Phase
Academic Year

Results



I
1999-2000
Granted five laptops; 

purchased five additional laptops for faculty use.
Also purchased 20-unit cart, 3 wall-mounted access points
, and 1 mobile wireless hub
.



II
2000-2001
Granted an additional five laptops;

purchased two additional laptops for faculty use.

Will install 3 more wall-mounted access points in classrooms in a different building.



III
2001-2002
Request submitted; decision pending.

As the chart above indicates, we exceeded our original purchasing plans. The laptops have been very popular with faculty and our existing laptops for faculty check out were out of date, so  we replaced them with the same model of wireless laptops. They are housed as part of the mobile lab and go out into the classrooms alongside those purchased with student educational technology fees. The department can "double dip" on the use of part the laptops, using the laptops purchased with general funds both for students and for faculty. The remainder of this section of the paper will cover issues related to the why's and wherefore's of our wireless mobile lab, the implementation of our plan including, training, maintenance, and security, an overall cost analysis and some observations.

To begin with, why develop a mobile wireless mobile lab at all? Though the issue of whether or not computers absolutely make a difference in the classroom may not be 100% settled for all educational settings, in the context of our students' learning environment, it's pretty clear that computers and computer literacy are necessary. When students leave our program, at a minimum they need to be able to word process their writing (keyboarding is handy for this, too), communicate appropriately through email, use electronic databases and a Web environment to conduct research, and manage their digital files and resources (save, back up, organize, etc.). We also offer computer-based forms of independent study while in our program with grammar, reading and TOEFL test practice software, a growing Virtual Language Lab with streaming audio files
, and elective mini-courses that cover topics such as the basics of web authoring, working with images, and creating a resume. The use of video, audio and computer-based multi-media materials has long been incorporated throughout our curriculum. In the case of computers, however, their presence has been less than "ubiquitous" when students have had to leave their classes, go to a centralized lab at a pre-arranged time, sit at a cubicle and make the most of their slotted computer lab time at the lab's (rather than the student's or faculty's) convenience. 

The need for more access to computers in our classes has steadily increased but the availability of labs in general and even rooms and buildings in which to house labs has not. Our classes were competing with other classes for the use of lab time, but we did not have the dedicated space or funds to develop and support a full-blown traditional "lab" of our own. We needed more flexibility in access to and use of our computing resources. At the same time, we didn't have any "extra" money to hire another Information Technology (IT) specialist to support additional computers. 

The solution seemed to be to develop a mobile lab that could be moved around to classrooms, as needed. With the advent and institutional support of 802.11b RF wireless capability, there seemed no reason to tie ourselves down to a room any more. We envisioned faculty carrying "pods" of about four computers at a time for small group or "stations" style classroom work, or wheeling a larger batch of laptops into class for individual or pair work. In the case  of special short-term programs with 20-25 participants, always an awkward number for the typical 20-station lab with one or two computers inevitably "frozen," we planned on pulling a handful of wireless laptops in to the traditional lab to supplement as needed. In this way we could avoid splitting the class into two groups (and paying for an additional instructor). To cut down on support time and costs, we implemented pro-active policies that we hoped would avoid lengthy trouble-shooting and maintenance problems. 

Other educator- enthusiasts have noted wireless "a la cart" benefits such as freedom of organization in and out of the classroom, transparent connection to nets, and better realization of "anywhere, anytime," in fact a shift from "anywhere, anytime" to "everywhere, everytime"  QUOTE "(Berger, 2001)" 
(Berger, 2001)
. What then has worked so far for us, what has come as a surprise, and what has fallen by the wayside? 

We can partially gage success by looking at anecdotal feedback and factors such as:


· Patterns of use in classrooms.
Faculty still use dedicated labs, especially for writing courses. The wireless laptops get checked out most often in groups of 2-6 computers for in-class use in a broad range of courses and settings. They were invaluable during the summer with our short term groups of 25 and expanded the general use labs in just the way we had planned. Students ask faculty to bring them to class for use during structured class activities and free moments.


· Patterns of use by faculty outside of class.
In and out of the class, the 25-30% faculty who are already very comfortable with computers are thrilled with the wireless laptops. I have to pry them back out of their hands. Likewise, the 10-15% of faculty who are still not at all comfortable with computers avoid or minimally use the wireless laptops just as they do other computers. It is the 50-60% of the rest of the faculty that falls somewhere in the middle that is the most interesting. Based on usage patterns and anecdotal feedback, they are generally much happier with the streamlined wireless laptops than with other laptops we've had or with "new" computers in general use labs. For example, faculty report that the wireless laptops are "cute" (like pets?), there are fewer "holes" to worry about sticking the wrong cable or cord into, they easily fold open and shut and take up little space in the classroom, they are easy to check out and carry, their systems and folders are locked down so that users can't accidentally "hurt" or "break" them). Feeling comfortable and confident with the computers and feeling that they blend seamlessly into the class environment are obviously important factors.


· Amount of time and money spent on repairs and maintenance.
Even with the purchase of a high-quality cart
, we have saved a considerable amount of money compared to establishing a stationary, room-based lab. Laptop users are not permitted to load software of any kind on the computers. Users have access to temporary storage and a set number of applications only
. Laptop users are also not permitted to permanently store backed up files on the laptops; all users have easy access to one or more back up servers and a USB floppy or disk drive. Norton Anti-Virus self-updates and regularly scans files for viruses. In the event an application or OS becomes corrupt, no attempt is made to repair it. The hard drive is wiped clean and a new set of files is loaded on via the network (a full back up of all applications and system files is stored on an independent drive). As planned, this set of policies and procedures has reduced the amount of time needed for maintenance and repairs. "Training" of students has been non-existent, and a 15-20 minute orientation for faculty, individually or  in very small groups at check-out time, has worked well.

Surprises can come in many guises. In addition to the above successes that we hoped for, we have been pleasantly surprised in many ways. Students have been very receptive to the laptops and have come up with ideas for using the laptops that had not occurred to faculty: for example, taking their process writing-style in-class "exams" on laptops instead of with paper and pencil in order to make editing and corrections easier. Also on a pleasant note, none of the laptops (knock on wood) have been stolen, always a big worry with expensive, portable equipment
. In addition, we have been approached on a regular basis by other departments on campus and by other institutions about borrowing or discussing the wireless computers. This has been a beneficial way of "networking" with other colleagues and programs. 

We were unpleasantly surprised to get a $400 bill for repairs to a laptop that got a not-so-hard bump in an unfortunate spot (right on the modem and ethernet ports on the side corner of the case). As would be the case with the majority of laptops, the whole case had to be replaced. This kind of "abuse" is unfortunately not covered  by the warranty. This, combined with the fact that some faculty still find them too heavy to carry (especially four or more at a time), prompted us to also invest in smaller, well-padded carts on wheels that hold about four laptops at a time.

If anything has so far fallen by the wayside, it is the thought that the wireless laptops were ever anything "temporary" or "pilot." I can not conceive of ever investing in a cubicle-style lab with lashed down computers again. I can not imagine that, once they become steadfastly accustomed to working in an untethered and ubiquitous computing environment, our students will settle for anything less. They are often what drive reluctant faculty to make pro-digital changes. For more on Teaching English to Speakers of Other Languages (TESOL) and Computer-Assisted Language Learning (CALL in particular), see:


CALL Environments: Research, Practice and Critical Issues  QUOTE "(Egbert & Hanson-Smith, 1999)" 
(Egbert & Hanson-Smith, 1999)


"Computers and language learning: An overview"  QUOTE "(Healey & Warschauer, 1998)" 
(Healey & Warschauer, 1998)

http://www.gse.uci.edu/markw/overview.html
Multimedia CALL: Lessons to be learned from research on instructed SLA  QUOTE "(Chapelle, 1998)" 
(Chapelle, 1998)

http://llt.msu.edu/vol2num1/article1/
CALL in the year 2000: Still in search of research paradigms?  QUOTE "(Chapelle, 1997)" 
(Chapelle, 1997)

http://polyglot.cal.msu.edu/llt/vol1num1/chapelle/default.html

The Power of CALL  QUOTE "(Pennington, 1996)" 
(Pennington, 1996)

Food for Thought and Areas for Future Research

Terms, just recently held to be futuristic, seem suddenly in our midst and part of our every day vocabulary. Futurologists and trend-predictors have been forecasting the "rise of network society"  QUOTE "(Castells, 1996)" 
(Castells, 1996)
, a post-industrial era of "Third Wave" technology and lifestyle  QUOTE "(Toffler, 1980)" 
(Toffler, 1980)
, and the development of complex and ever-expanding digital communities and interactive environments in a new  "Information Age"  QUOTE "(Negroponte, 1995)" 
(Negroponte, 1995)
. Other voices warn against " overreliance on information"  QUOTE "(Brown & Duguid, Nov/Dec2000)" 
(Brown & Duguid, Nov/Dec2000)
 or paint pictures of darker, less humane and less-connected versions of cyberworlds, as in Snow Crash  QUOTE "(Stephenson, 2000)" 
(Stephenson, 2000)
. The growing numbers of educational endeavors around the world using virtual and distance education  QUOTE "(Farrell, 1999)" 
(Farrell, 1999)
, the explosion of distributed computing a.k.a. peer-to-peer (or P2P) computing in business and educational domains  QUOTE "(Malik, 2000)" 
(Malik, 2000)
, and the acknowledged benefits and increasing pervasiveness of wireless technology  QUOTE "(Kurzweil et al., 2000)" 
(Kurzweil et al., 2000)
 bring the future into the present in education. The importance of both technology and multi-lingualism in education and in the world at large as a concept (if not a practice) also seems to be gaining increasing acceptance  QUOTE "(Rogers, 2000)" 
(Rogers, 2000)
. For those of us working in the combined areas of Information Technology, TESOL and Adult Learning (sometimes a "Holy Trinity" and other times a "Bermuda Triangle"), we might wonder about areas to focus on in our forays into the world of wireless.

Of  interest to all of us, whatever the field, are contributions that tell us more about how people learn. In a language learning context, I ask myself what will make a difference and if computers can be a useful part of that equation. When real achievements and gains are evidenced, how we measure them matters. In the case of the mobile wireless lab, affective factors (motivation, level of comfort, convenience, lowering of barriers that impede access and usability) can not be lightly dismissed. Higher levels of preparedness domains for post-AEI educational experiences in linguistic, cultural and computer literacy domains are always desirable. If a wireless learning environment contributes to that, then it is "paying" for itself in more ways than one. 
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�  A question I have heard several times from students accessing the Web with a high speed connection on a wireless laptop.


�  The academic year in the United States starts in the fall (the end of September for UO) and finishes in the spring (mid-June for UO). UO is on the quarter term system.


�  The original access were WaveLAN's from Lucent. UO's Network Services division is now testing the newer generation of access points and may user another model and distributor. As always, they work equally well with both PC's and Mac's and will be backwardly compatible with existing wireless laptops.


�  The airport from Apple.


� See the UO Yamada Language Lab web site � HYPERLINK http://babel.uoregon.edu/ ��http://babel.uoregon.edu/� for more information on the Virtual Language Lab.


�  Over $1,000 even with the educational discount. After much shopping around, purchased from Anthro � HYPERLINK http://anthro.com/ ��http://anthro.com/� and made especially for the iBook laptops from Apple that we have. 


�  We are using Mac OS 9x multi-user function to control access.


� The Apple sales representative, Mark Johnson, told us to take a big, ugly permanent marker and deface the outside covers of the laptops with our departmental name and contact information in order to make them unattractive to would-be thieves. We're not sure how much of a deterrent it's actually been, but it certainly has made them ugly and gotten us some strange looks when we whip them out at airport business centers.
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