eMacs. Citrix megaframe.  iPaqs.  ThinkPad notebooks.  Palm m505s. Dell Dimension 2200s.  Gateway 500s. Wireless Mobile Computer Labs.

When it comes to hardware, how do you get the best bang for the buck? It’s not so much having the computer as what you will do with that computer and how you will provide dependable access to every child that is dictating wiser choices. School budgets are tighter. Accountability is more stringent. This makes the decisions even more challenging about exactly what hardware school districts should acquire – desktops, laptops, handheld devices, mobile carts with laptops, etc.; how much to spend; how to provide access; and how to deploy them best. Let’s focus on these various devices, provide a snapshot of what they do well, evaluate pros and cons, and tell you what you can expect to pay. As we do, we’ll pick the brains of some of the best district people in educational technology across the country on what they are doing and what rules of thumb they employ to decide on hardware and providing their students efficient, cost-effective access to computers. Then we’ll look at three district cases to show innovative approaches that schools are using to maximize access, lower costs, and boost the ratios of computers to students. 

(Jump-down links to sections below)
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Desktops

Desktops remain the workhorse of school districts right now, both PCs and Apple computers such as the eMacs. What are some benchmarks in terms of specs right now? The standard PC for school use should have a Pentium 4-level processor, in the range of 1.7-gigahertz processing speed, and at least 256 megahertz of memory, if not 512 or 700 megahertz.  It has a 20-gigabyte or above hard drive, although this is less of an issue considering data is stored on district-level servers.  

The pros and cons: There are reasons why PCs remain the workhorses in schools, both for instructional and administrative use. The number one factor cited by school CIOs we interviewed is cost. PCs currently range from about $800 to $1,000 per unit, while laptops generally range from $1,500 to $1,700 per unit.  The savings per actual hardware unit can amount to $500 or more, just based strictly on the hardware cost.  Bob Moore, co-executive director of Information Technology Services of Blue Valley School District in Overland Park, Kansas, says that he figures a laptop costs 2.5 to 3 times the amount of the desktop, when considering total cost over the lifetime of each machine. His district plans for a five-year lifetime for a desktop, compared with three years for a portable computer. Those who favor desktops in terms of primary use in schools cite three other qualities: security, durability, and reliability. Regarding security, it is much more difficult for someone to walk out of a school with a desktop. 

Desktops are fixed, weighty, and not portable, but still the best choice for particular uses. Steve Finch, chief technology officer of the Oklahoma City Public School District, says for a fixed lab in a middle school or high school geared toward particular subjects, such as a business or technology lab, the desktop offers ease of use and relatively lower cost. This is in subject-area labs that are being used six or more hours a day to teach skills such as keyboarding, accounting skills, etc.

Somewhat surprisingly, some CIOs maintain that the cost of desktops comes out to be more than laptops for general use, when you calculate the costs involved in providing kids access to desktops and to keep them running, and then weigh in the hours of usage of the hardware per day. “Laptops actually have a lower cost for general classroom use,” Finch says.

Finch explains that he weighs the “Total Cost of Operation” of desktops versus laptops. The total cost of operation is a cost-benefit kind of comparison that looks at the productivity of a machine: “How much value-added are we giving the students for that device? “ Finch computes the cost of the desktop including such elements as installation of fixed wiring, specialized furniture for the desktop, ongoing maintenance, and every thing that it takes to make that computer work in a classroom or school office. Exactly how much each machine is used per day must be computed and figured in. His district uses commercially available software that tracks what is happening with each computer on a daily basis. “It is used by very few school districts,” he explains. Such analysis can show that a laptop has a lesser total cost of operation ultimately than a desktop.

What to consider: 

· Drives: CD, CD-RW, and/or DVD. A combination drive is worth checking into because it can be cost-efficient over the long run.

· Monitor: Do not do less than a 17-inch screen. Flat-panel liquid-display screens are more expensive. However, some CIOs prefer them for display monitors, and they say they are worth the higher cost. It is also worth it for districts to compute whether they will save money on energy costs over the long run using such monitors.

· USB connectivity: How many ports does the machine have and how easily accessible are they?

Dell, Compaq, and Gateway are among the leaders in PC sales to schools. After experiencing a significant dip in school sales the last couple of years, Apple Computer is seeking to regain the company’s footing in the educational market with a new line geared specifically toward schools.  The eMacs offer a PowerPC G4 processor and a 17-inch flat CRT display. They sell for about  $1,000 each as a basic price.

A big question for schools is whether to buy clones, which cost less than name brand but sometimes are not reliable, or to stick with name brands.  A good case can be made for clones if they come with warranties and dependable service. (We will deal with clones in a separate issue.)  However, the key issue for the school system is having a common standard for PCs, so that there is not a proliferation of multiple brands that are hard to maintain and repair. 

Laptops

In Maine, the state is embarking on an ambitious plan to equip all teachers and seventh and eighth grade students with portable computers, under Gov. Angus King's "Computers for Kids" program. Henrico County, Virginia Schools has provided every high student with a laptop computer and Internet connection, a model that is inspiring a Michigan educator to seek a statewide program to issue a portable computer to every student in that state. Envisioning one-to-one computing for students, many schools still are considering laptops as the solution, as well as for increased teacher and administrative use.  They are portable and mostly lightweight, though it’s important to realize that there is a wide range of weight among the machines on the market. They offer the promise of greater access and flexibility for classrooms, motivational payoffs and improved student achievement for students, and time saving and benefits in classroom instruction for teachers. What should you consider in terms of laptops for your schools?

The pros and cons: Laptops offer many advantages to both teachers and administrators, CIOs say. Laptops now offer the speed, processing power, and memory that compare favorably with desktops, especially when considering their portability. “We think the laptop in the hands of the teacher is the right way to go,” says Brenda Barker, who is chief technology officer of the Wake County Public School System in North Carolina, where the district has set a goal of having a laptop for every teacher in its 130 schools. They perform well for both teachers’ classroom instructional use as well as their home use, for matters like grading, updating paperwork, creating presentations, Internet research, and similar tasks. Barker’s district has primarily purchased IBM ThinkPads, which have an excellent keyboard and have proven very reliable, she says. Other prevalent brands of laptops that schools use are Dell, Compaq, and Gateway. Apple’s notebooks include the iBook and PowerBook G4.

The portability of laptops makes them a powerful learning tool. As school officials note, it can turn every classroom into a computer lab, allowing teachers to imbed technology into their learning.  One downside: It also means that those in schools can walk away with them easier. While no one cited high theft rates, the CIOs interviewed said they have had to take measures to guard against theft.  In Batavia, Illinois, laptops have been assigned to administrators and teachers, but students use them only on a strict checkout basis, according to Alan McCloud, assistant superintendent for technology and information services of Batavia Schools.

“You must look at the durability of the product,” says Charlie Garten, executive director of educational, technology, and information services in Poway Unified School District, Poway, California.  Some districts, for instance, report big problems with monitors breaking due to the notebooks being dropped, so it is important to obtain very good financial protection against such breakage. Extended warranties are critical because of such issues.

What to consider: Do you really need the laptop? There are a lot of advantages to teachers having them, and compelling reasons to make them available to students also, but it’s very important to look at how the machine is going to be used. “Make sure of what you really want,” says Bob Moore of Blue Valley Schools. “If you want a notebook because you go to two conferences a year, every district should have them to check out in that case.” In other instances, the choice of laptop computers for daily use makes sense.  “Ask yourself in each case, ‘Do you need to be a mobile worker?’ “ Moore adds. In Blue Valley Schools, the district had a number of cases in which teachers and administrators originally had laptops, but when it came time to replace them, some people asked to go back to desktops because they preferred to use them and did not find the laptops offered advantages.

Once you’ve decided that laptops are the way to go, Moore has another piece of advice: Make sure to take the handheld model for a test drive, so to speak. See if the screen size is suitable. Check out the pointing device.  Determine if the weight of the laptop truly lends itself to being hoisted around. “Look at what the road warriors are buying, because (those laptops) are durable,” says Moore. There is an adjustment favor going from desktops to laptops, which makes it important to check out how the keyboard, monitor, and other features feel and operate.

Handheld Devices

“There is a real future for the handheld (devices) in schools,” says Brenda Barker. In Wake County Public Schools, principals are using handheld computers to track student schedules, while teachers are using them for reading and writing assessments and keeping records on them, for example. At a pilot site in Poway, Calif., elementary school students are using Compaq iPaqs, according to Charlie Garten. Students can do spelling tests using the handheld computers with connections to keyboards. Using a laptop in the classroom, the teacher can check the results. It is very powerful, ongoing interaction, since teachers see the work as it progresses, assess it instantaneously, and communicate with students. “The teacher loves it,” Garten says.

Those interviewed cited the Compaq iPaqs and Palms as two primary examples of the handheld devices their schools are using.

The pros and cons: Handhelds offer schools some great advantages. As one official of a company that developed special applications for a handheld device said recently, handhelds are not only portable, they are “wearable.” They take mobility a notch higher than a laptop. For teachers and administrators who are on their feet most of the day, this offers a definitive plus. 

What will handheld computers do well? Teachers and administrators are finding positive results so far in doing assessments on these devices, such as specialized reading assessments that provide real-time data. Moore says he is excited about the possibilities of such “data mining” using handheld computers as tools that allow districts and individual schools to get at student performance data, even at the classroom level, instantaneously. These devices can also be powerful in the hands of students, for fieldwork, home-to-school connections, and classroom interaction.

The cost is another major plus, CIOs say, though not without cautions. The cost range is approximately $200 to $500, depending on what a school wants – whether it be a more personal digital assistant type of device versus the pocket PCs that operate more like a mini-computer with complete software applications. “The real advantage is that everyone can have one, and it doesn’t cost a lot to replace it,” says Garten. Despite the lower initial price tag when you look at a handheld device, however, it’s important to weigh the total cost, including such peripherals that would be needed such as keyboards. As Barker cautions, districts need to evaluate exactly how and when the devices will be useful: While the pocket computers could be great for fieldwork, if a district needs to buy a keyboard and other components to go with the handheld device for use in certain situations, “by the time you have done that, you have paid for a laptop or desktop. So if you don’t need to be mobile, why are you buying that?”

One major plus cited so far: Students, raised with computers as part of their world from the earliest ages and in love with computer games as well as pagers, cell phones, and other electronic gadgets, take to the handheld devices. Teachers who have used handheld computers in classrooms report that their students are more engaged and excited, anecdotal evidence suggests, though longer-term results are not in yet.

For the price, you do not get the speed and processing power of other computers. The iPaq PC H3850 has a 206-megahertz Intel StrongARM 32-bit RISC processor and 64 megabytes of RAM, for example. It is crucial to determine what the device will be used for and to determine whether its accessibility outweighs the limitations of speed and processing power.

What to consider: Be sure to look hard at what your district is going to use handheld devices for, whether by kids in the classroom, by teachers, or by administrators, and for which exact functions and activities. Will the handheld device by used simply for Microsoft Word documents, an address book, scheduler, and checking e-mail? This is very different from the handheld devices being used to download e-books, perform real-time assessments, track budgets as part of a money-management class, graph algebra equations, or do a journal-writing exercise with an entire class of students.

Such considerations also prompt other questions: How important is battery life? What type of peripherals do you need? What types of applications are needed? Is handwriting recognition an important feature to have? Similar to laptops but even more pronounced, users must gauge how easy will it be to use the devices for various types of functions.  “People say, `I want to be able to do e-mail. Conceptually, it’s great, even if you have the little keyboard, to do this on a PDA. But if you need reading glasses, then doing e-mail on a PDA might not be a match for you,” Moore says.

Mobile Computer Systems/Carts

Mobile computer labs are becoming one of the fastest-growing, important alternatives to the centralized desktop computer lab or the scheme of a small number of desktops in a general classroom. Mobile labs allow schools literally to bring computer and Internet access to all students without having to purchase a computer per child.

Mobile wireless computer carts can contain complete integrated systems with a number of laptop computers that have a range of hundreds of feet; a display monitor; and even a printer. Such systems can bring the Internet and total computer access into the classroom and because they are wireless, there is no need to have additional wiring. The mobile lab of EarthWalk Communications, one of the key companies producing wireless mobile cart systems, requires only one Ethernet connection and one standard wall unit. Some of the other players involved in selling mobile computer cart systems to schools include Dell, Compaq, IBM, Gateway, Apple, and Mobile Universe.

Wake County Public School System in North Carolina has turned to wireless mobile carts as an outgrowth of its building of mobile classrooms to keep up with rapidly growing enrollment. The laptop-outfitted carts were first designed for use primarily in high school science labs. They each contain a wireless access point, permitting the carts to be moved anywhere around the school campus. Wake County Schools’ CTO Barker says that the results have been very positive thus far, and the district expects to expand the mobile cart project.

The case study of EarthWalk’s wireless mobile computer system in Appomattox County High School, examined below, provides an excellent example of one system and shows the costs and benefits in more detail.

There is a wide range in cost for wireless mobile computer labs. Gateway, for example, markets a mobile wireless lab with entry-level Solo 1450 notebooks, a 16-bay mobile cart, and an AP-500 wireless access point (WAP) for $21,025. Its wireless lab complete with higher-level Gateway 450 notebooks, a 16-bay cart, and AP-500 wireless access point starts at $29,025. A Gateway mobile computer lab with 30-bay cart filled with the same Gateway 450s, a more powerful AP-1000 wireless access point – a hub WAP to connect wireless users with a wired network -- and two wireless cards, starts at $53,481.

The pros and cons: Mobile wireless computer labs make it easy to move computers throughout a school building, from classrooms to labs to other classrooms, so they allow schools to maximize computer use for every period of the day. They are convenient, bringing technology to students and teachers rather than the other way around. They also save time because students do not have to travel to labs in order to have access to computer technology. Such labs can be set up without the bother of fixed wiring, hardware patching, and other requirements. 

In addition, mobile computer labs provide far more student access since classrooms are not dependent solely on a few scattered computers in a room for computer technology or on sharing one general media lab with other classes. Instead, mobile carts with say, 16 or 24 laptop computers, can be rolled to a class where each student can use a laptop. They also permit teachers more flexibility in delivering lessons, whether in groups or individually. 

Mobile wireless computing labs are not a panacea, however. Some have promoted the labs as incredible cost savers for districts, but this has not been true. It’s important to figure the Total Cost of Ownership much as you would with a wired system, totaling all related costs to this technology.

Thin-Client Computing

Many school districts have hardware purchase or lease programs that provide for replacement of hardware over predetermined cycles.  What about schools that do not have such programs? Some school districts have chosen to leverage their hardware through the use of thin-client computing. A thin-client computer is a slimmed-down desktop device with no hard drive, floppy drive, or similar moving components. Basically, it is a computing shell, hence the description as “thin.” Storage, applications, and data are centralized on a server. Schools can maximize the use of older, refurbished machines – for example, 286s and 386s – making this a viable and possible alternative for school districts, especially those that do not have the funds to replace hardware on an ongoing, cyclical basis. The estimated cost of a thin-client device is $500 for the device itself, with the total cost of ownership ranges from $2,500 to $5,000 per year, according to National Semiconductor. The company is one of the thin-client technology leaders in the country, along with Citrix Systems, Inc., which has developed thin-client application server software and services targeted to schools and businesses.

Through a Citrix Megaframe solution, for example, users can connect to their network via any connected device, over any connection, from anywhere. Software applications reside on a central server. It is possible to link through a secure Internet connection and run any application through a Web browser. This eliminates the need to upgrade software at individual machines since software applications are installed and managed on a central server.

Those who tout the thin-client computing solution say the advantages are many. Among them: The machines do not have the usual moving parts that can break down, such as hard drives and CD-ROM trays. A range of applications can be offered to multiple users without relying on support for individual software upgrades and as much maintenance on machines. Desktops can be locked down so that students cannot install software or change configurations without permission. Students gain access to approved information, no matter which machine they log in on.

Others, such as several school technology officers interviewed for this article, advise caution and express some skepticism about turning to thin-client computing. Thin-client computing definitely offers potential savings to districts for hardware replacement, they say, but the total cost of ownership must be analyzed carefully to determine whether a thin-client solution will save money over the long run. When analyzing the possibility of using thin clients, some technology officers have not been able to identify such savings in their own districts. Possible savings would be eaten up by the need to create a mirror site, purchase additional software, and have technical staff to support thin-client systems.  Still, none discounted thin-client solutions completely, noting that they may especially be good for districts that do not have the funds to regularly purchase or lease new hardware. Also, if schools ultimately move toward application service provider – ASP – models in which applications and content are subscribed to and out of the mindset of owning everything as many do now, innovations such as thin-client computing could become even more compelling.

Three Cases of Innovative Approaches

Let’s look at three district cases to show innovative computing approaches that schools are using to maximize the use of and access to their hardware.

EarthWalk Wireless Mobile Computer Lab: Appomattox County High School, Appomattox, Virginia

Appomattox County High School has invested in a wireless mobile computer lab – fully equipped with laptop computers – that, in effect, brings the lab to students rather than the other way around. The mobile cart contains 25 laptops in a complete portable and wireless integrated system created by Manassas, Va.-based EarthWalk Communications, Inc. 

The mobile cart, kept in the library for storage, is signed out to teachers for their classroom use. The high school’s teachers have equal access to the lab. The mobile lab, which the high school set up during the past school year, gives Appomattox County High a third computer lab along with the two stationary labs that the school already has, says Michael Wills, principal of the grade 9-12 school, which has 700 students and 45 physical classroom spaces. “This helps us to meet the demand when those labs are scheduled,” Wills says.

While there were “a few bugs” to work out at first, the mobile labs are working very well now and have sparked positive responses from teachers, especially the school’s science teachers, according to the principal. Advanced biology classes, for example, have used the laptops in their classroom for online lessons and activities on dissection. Having the flexibility of labs in the classroom has allowed the school to streamline instructional better, since 5-10 minutes per period is not lost going to a stationary lab and setting up. Also, students can use their time better. If they are finished with a particular online activity, they can move on to other tasks at their own desks in a classroom rather than wait for the group to return from a media lab. These are some of the time benefits, Wills notes. The mobile labs were used for online state testing during the spring, in subject areas such as science and math. “It’s instant feedback in terms of the scores,” says Wills. Because the lab is flexible and movable, it will help the school accommodate more students for such tests.

The school acquired the mobile lab and laptops using $50,000 in state technology grant funds. Asked to identify the downsides of the mobile system, Wills said, “We really haven’t had any major glitches. The only downside is that I only have one of them.” He added that the school plans to expand its acquisitions of the mobile carts with laptops sometime in the near future. He also said that the first laptops he had seen at a technology fair last year had tiny knobs that ran back to the wireless access point, but that such knobs are problematic with a student population since they can be easily broken off. New models, however, do not have the knob, Wills says.

As Wills concludes about the mobile computer carts, “The major advantage is that this brings technology into the classroom and means we don’t tie up with another classroom as a lab.”

MindSurf Networks: Kentwood High School, Kent, Washington

The Kent School District is using pioneering instructional software, called Discourse, on handheld computers through a pilot program with MindSurf Networks. The software, which will run on any personal computer, is a teacher-student interaction tool that allows teachers to give prompts such as activities or questions to students and be able to get responses in real time. All students in the class and the teacher have the software on their computers. After instantly viewing student responses, teachers can choose to share them with the class, send an instant private message to one student concerning the student’s response, and save all student responses to evaluate later. 

Kentwood High, which has 1,565 students in grades 10-12, is a pilot school using the Discourse application. In 2000-2001, the first year of the pilot, an English teacher and her students began using the application in the classroom. The following year, the pilot was expanded so that a second English teacher and a science teacher and their students could use the Discourse software in classes.  While teachers use a laptop or desktop, each student in the class has a handheld computer. 

Teachers have been using the Discourse tool for assessment, as an active participation tool, and for other uses, says Vicki Bates, director for instructional technology for the Kent School District. As she explains, the English teachers have used to program for students’ writing, for example. The teacher sends a prompt to students, views their work, sends a message back to students, and shares examples of students’ writing with other students.  The response from teachers so far has been positive. Teachers say it saves them time and motivates students to be more engaged in lessons. One good feature of the application, Bates says, is that it shows on the teacher’s screen if students exit out of the program. “One of the challenges we have contended with in technology is: Are the students really with you?” she notes. 

The cost of each handheld computer was $700, including the sleeve, keyboard, and wireless network card. In terms of network infrastructure, the district used mobile wireless access points at first, and has since added wireless access points to the media centers, cafeteria, and library. The cost of each wireless access point was $1,400. The school is paying $20,000 for a school-wide license for the Discourse software that runs through 2004.

In Bates’ view, the use of handheld devices by students will only expand. The district plans to purchase more handheld computers and to do structured pilot programs in order to evaluate the impact of using the portable devices. 

Thin-Client Technology: Rehoboth Christian School, Gallup, New Mexico
A small rural school in New Mexico has won an award in a nationwide competition for its plan to use thin-client technology to link 400 students in an 11,000-square-mile area of the southwest. The award was announced in June in a contest sponsored by National Semiconductor, Wyse Technology, and Citrix Systems, Inc. More than 100 schools entered the contest.

Rehoboth Christian School plans to use the hardware, software, and services of the award – which is valued at $104,000 – to create a network of 150 thin clients in labs, classrooms, and students’ homes, according to the award announcement issued by the sponsoring companies. The school is an economically disadvantaged school in which 45 percent of the 400 students qualify for federal free and reduced-fee lunch. It serves students in a 60-mile radius of Gallup, N.M.  The award-winning plan calls for 30 new thin-client devices and the conversion of 65 Macintosh and PC machines to thin clients for use at the school. An additional 50 thin-client devices will be implemented as thin clients in student homes.  Families of Rehoboth students will receive free access to Rehoboth’s Citrix network. The network will run on six PC-based servers. 

This award, in conjunction with the school’s other resources, and partnerships, will allow it to create new programs in science, economics, history, and current events. One instructional program that will get a major boost from the new technology, for instance, is a botany project about the local environment. Through the program, students learn about traditional uses of plants and plant names from Native American elders and discuss possible economic uses of the plants with the business community.  In expanding the  project, Rehoboth aims to enable students to catalogue specimens in their native environment, record them digitally, and enter the data in an interactive online database that will be available to other educational institutions and the scientific community.

