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Unpacked, fully operational, and wide-area networked, the new high-end desktop computer unit stood as a very visible information age icon against the east wall of Dan Dissell’s biology classroom at International Falls high school in International Falls, Minnesota.  Dan was no novice computer user and entertained big hopes for the integration of computer applications in his curriculum.  However, the 31 sophomore biology students in Dan’s class had only 44 minutes a day to share one computer.  The single computer and the short time to use it made Dan seriously wonder how to equitably manage the resource while trying to build his own technology use capacity.  No quick answers came to mind.  But as soon as he began communicating via e-mail with several other teachers across the state on a science curriculum they were experimenting with, Dan immediately knew at least part of his problem was solved:  His online colleagues would help him address technology and other classroom related concerns that were sure to arise through the year.

Introduction

Like Dan, parents, educators, community members, and business partners have seen their interest in educational technologies dramatically increase.  Schools, communities, corporations, and the federal government are making substantial capital investments for computers and wiring.  In proper perspective, the needs of students should guide technology development.  Central to the productive use of technology, however, also lie the needs and considerations of teachers.  Unfortunately, teachers’ needs in technology use and integration are often overlooked.

A recent study conducted by the National Center for Education Statistics (1998) indicates that during the school year of 1997-98—78 percent of the nation’s public schools provided e-mail and news group access, resource location services (e.g., Gopher, ERIC), and World Wide Web access for teachers.  The percentage of teachers having school-based access to distributed network resources is up some 12 percent from the previous school year and is expected to grow at the same margin through this 1998-99 school year.  Harvey and Purnell (1995) report that teachers are also one of the fastest growing segments of the general population gaining access to online technologies at home.


An increasing number of national reports show that educational information technologies are quickly becoming an omnipresent resource for the American teacher.  For this reason, the potential(or lack of potential(these technologies have for improving learning and instruction through teacher development is an increasingly popular topic of discussion (Branstad, 1996; Hunter, 1992).  As widespread as information technologies appear, however, it is difficult to tell how teachers use them, if at all, to build their personal professional capacity (Mehlinger, 1995).  Furthermore, there is a scarcity of research showing what professional benefits teachers realize in the use of educational technologies.  This is especially true in the case of teachers in rural areas.


To build on what is known about the impact of educational technologies on teachers and teaching, this article examines the application of three telecollaborative educational technology projects.  The scope and nature of these projects are described followed by the methods used to evaluate the project outcomes.  Results of the telecollaborative programs on teachers are followed by implications for rural teachers and for teaching with educational technologies.

Context and Projects


The online telecollaborative technology projects studied were developed and supported by the North Central Regional Technology in Education Consortium (NCRTEC).  The projects were targeted for students from grades 4 to 10.  The vast majority of participants lived in rural communities ranging from Black Duck, Minnesota, to the north, to Spearfish, South Dakota, to the west, and to Helmsburg, Indiana, to the south.  The three projects share in common an asynchronous communications forum (e-mail listerv), access to regularly scheduled scientists and biologists through the network forum, Web resources as key student research tools, and concurrent pacing through the online curriculum.  A brief profile of each of the three individual projects follows:

Feeding Feathered Friends—Mathematics results for U.S. fourth graders on the Third International Mathematics and Science Study (TIMSS) revealed that students need the most assistance in estimation, measurement, and geometry.  The Feeding Feathered Friends Online Curriculum Project (FFF) addresses these areas of need while responding to the national standards for elementary math and science education.  With a multi-disciplinary curriculum cowritten by a team of teachers throughout the Midwest, third- and fourth-grade students in 27 classrooms through the seven state north central region embarked upon an answer for the following challenge question:  Some birds stay in the Upper Midwest through the winter.  Some birds in the Upper Midwest have a hard time finding food in the winter.  You work for a company that prepares birdseed.  What kind of birdseed would you mix that could be marketed as feeding the most winter birds?  How does your data match what birdseed researchers already think?  The lessons written by the curriculum development team were placed on a project Web site and the students communicated study results to their online peers and to migratory bird experts who served in one-week intervals through the 8-week unit as expert resources to the students and teachers.

Bald Eagle Nesting Project—NCRTEC, Technology and Information Educational Services (TIES) in Minneapolis, and Voyageurs National Park (VNP) in northeastern Minnesota are partners in the development of this online curriculum project using ArcView GIS software and repurposed scientific data sets.  ArcView is mapping software that allows users to analyze and manipulate data featured on the maps.  The data set from VNP contains maps of the park and details about the terrain, elevation, waterfront area, and observations made of eagle pairs in the park.  For example, one detail, or layer, on the VNP map is the approximate location, age, and size of eagles’ nests.  If a student were to click on one of the nests, then a spreadsheet would appear that contains data about that nest for roughly 20 years. Using this kind of application, students had access to both visual images of the park and the eagles’ territories, as well as the data connected to those images.  Sixth- to tenth-grade students worked in teams of four to five; and with the help of scientists, teachers, and student peers accessed through the online connections, answered the following challenge question:  In the March aerial survey of eagle breeding areas in VNP, Territory xx appears to be vacant.  A breeding pair does not occupy the main nest and the alternate nests within Territory xx.  However, this territory has been used for many years.  The Resource Management Biologist at VNP has asked your team to determine the following: At what three sites within Territory xx may a new nest have been built?  Why did you choose those sites?  

Discover South Dakota—This Web-based curriculum project was cocreated with Sioux Falls, South Dakota-based Technology in Education (TIE).  Its objective is to help fourth-, fifth-, and sixth-grade students in South Dakota meet State and National Social Studies Standards by investigating the following four areas of the state’s past:  the prehistoric background of South Dakota including plants, animals, and land formations; early groups who settled in South Dakota; student family history; and current structures in their community with historical importance.  Through the Web site, students and teachers have access to experts from state historical societies and museums.  Students also participate in investigative activities such as Mystery City, where students are given various Web-based clues about South Dakota cities and discuss possible answers with their classroom and online peers group.  The Whatchamacallit activity presents a picture of a historical item on the Web site as students attempt to guess the item’s purpose.  A “Teacher’s Lounge” is also included on the Web site.  The Lounge contains professional development resources such as locations of supporting Web sites, pieces of literature that might supplement the activities, and ideas for assessing student work.


Study Methods


Evaluating project outcomes on teaching and teachers involved the use of several data collection tools including teacher survey, classroom observation, teacher interview, and analysis of Web server log files.  Pre- and postsurveys asked teachers about their attitudes toward the use of computers, proficiency in using computers, the instructional tasks the technology helped them perform, and observed student outcomes of technology use.  Interviews and observations were useful in linking teachers’ perceptions of their project experience to the outcomes of survey activities.


To determine the content and frequency of online exchanges between teachers, careful analysis was given to listserv and forum archives.  Looking at the types of telecollaborative activities conducted between teachers, such as—discovering who spoke to whom, on what topics, and with what frequency—helped determine how teachers believe online connections to other teachers help them advance through the curriculum and address important topics in engaging students.  The outcomes of these evaluation processes are presented here in the form of impact on teachers and effects of collaboration.  The article closes with some thoughts on implications for computer-supported collaboration for teachers and students in rural schools.

Impact on Teachers


The 44 teachers participating in the three different telecollaborative projects were asked about their experiences with technology use.  Their responses show just how difficult it is to integrate technology into the classroom (see Figure 1).  Using a four-point scale 
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(1=stongly disagree, 2=disagree, 3=agree, 4=strongly agree) teachers rated 12 statements regarding technology outcomes on their practice before and after the technology curriculum.  Although the margins between the pre-and postsurvey answers are only directionally significant, they do reveal that teachers worked harder than they expected to integrate the technology.  Comparing pre- to postsurvey results also hints at some diminished optimism about what teachers feel they can accomplish with the technology from the start.  Overall, teachers fairly strongly agree that the use of technology will improve the educational experience for the students and make their work more enjoyable—most specifically due to the opportunities provided by the technology to access external resources.  Teachers also agree that they would like to use technology more in their teaching, although that agreement is not as robust as in presurvey responses.  
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On a different set of survey questions presenting various teaching tasks, instructional processes, and learning procedures, teachers’ perceptions of their ability to perform those tasks improved after they had participated in the technology implementation project (see Figure 2).  Using a four-point scale (1=none, 2=somewhat, 3=moderately, 4=significantly) teachers consistently showed that applying the technology assisted them in completing key instructional tasks such as developing curricular units, supporting student-centered learning, improving the quality of instruction, and working collaboratively with colleagues.  In some cases, the difference between perceptions of technology utility prior to and then again after the implementation of the technology intensive project significantly improved a T-test of dependent means (t = 4.14, p > .05).  This was the case for developing curricula, managing learning resources, and teaching with an interdisciplinary focus. Additionally, teachers
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indicated they were able to use the technology to address state curriculum frameworks for learning at a level they had not anticipated prior to their use of the interactive network technology. 


Teachers also indicated that technology use improved student learning in a number of ways.  Given 12 learning outcomes areas, teachers indicated, both before and after the implementation of the technology projects, the extent to which they perceived the outcomes could be attributed to online technology interaction (see Figure 3).


Teachers’ responses prior to their participation in the technology-supported programs clearly acknowledge the technology’s ability to give students greater access to more current information on a broader basis and to help students work more collaboratively with peers.  When teachers were surveyed again after their experience with the computer-supported
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collaborative work projects, many were willing to attribute a greater range of outcomes to technology use than they had at the preproject stages.  The largest gains from pre- to postadministration of the survey instrument were realized in the following outcomes:  interest in world events/foreign cultures, responsibility for learning, deeper understanding of events, better communicators with adults, and better evaluators of information.

Effects of Telecollaboration
By electronically connecting teachers, support personnel, and experts, each of the three telecollaborative endeavors supported important online discussion centering on the development, delivery, and assessment of learning activities.  The dialogue produced from the online forums showed that teachers addressed primary concerns about integrating technology—concerns, they admit, they would not have had the opportunity to attend to at any other time given limited phone access and the geographical distance between them.  The online forums also addressed the common problem of rural educator isolation by creating a sense of community among the groups.

In total, 155 messages were generated among the three projects.  The teacher-composed messages were divided into eight categories:  sharing of progress; ideas for project implementation; test messages; informal conversation (not necessarily project related); posting of student data or messages intended for the student listserv; sharing resources; questions posed regarding project implementation; and lessons learned.  Table 1 illustrates the percentage of messages received in each of these categories.

Table 1.  Teacher-Generated Messages

	Type of Message*
	N
	Percentage

	Sharing of progress
	51
	33%

	Project implementation ideas
	43
	28%

	Test message
	20
	13%

	Informal sharing
	19
	12%

	Student listserv messages
	19
	12%

	Sharing resources (e.g., Web sites)
	15
	10%

	Project implementation questions
	15
	10%

	Lessons learned
	5
	3%


*Some messages contained more than one type of theme

The largest group of messages (33%) shared progress about how classes were proceeding through the curriculum.  A number of teachers also used the listserv as an opportunity to relay ideas, suggest slight modifications, or propose enhancements to the project to increase its effectiveness.  Teachers on the Bald Eagle project offered tips to their colleagues for using the GIS software.  Teachers also brainstormed ideas for making certain learning concepts more rigorous and breaking down other concepts so students could grasp them better.  Some of the other less-frequent ways the teachers used the listserv as a mechanism for professional development included sharing of resources, posing clarifying questions, and sharing lessons they had learned.

Not all activity on the teacher network discussion forums was directly related to the established purpose of curriculum implementation.  This was the first attempt with such electronic forums for many of the teachers, and they tested their electronic discussion ability by sending trial messages.  The messages were often generic and of a “How’s it going?” nature.  However, these kinds of messages created a sort of “tele-community” that bonded rural teachers separated widely by time and distance.  The online community operated like a cooperative where teachers talked regularly and with continuity to each other and to other experts and practitioners. One eighth-grade teacher in central Minnesota offered this testimonial:  

You’ve got access to a wealth of information, not only the Internet, but you have a fantastic program that can help you answer and seek answers to a lot of directly project-related data.  But also, collaborating with other [students and experts] extended the classroom so much.  If you could just kind of picture it blowing the wall out in a classroom, a typical classroom, that’s kind of what it did.

Also commenting on the effects of implementing an information-technology supported curriculum that gives students access to perspectives and resources outside of the classroom, another teacher adds:

I like the fact that I can instigate self-propelled learning.  I can get them going on something and they can take off in whatever direction they want.  They don’t absolutely depend on me to be all-knowing.  I like the fact that they can discover things on their own, just like in the real world.

In addition to the teachers, scientists, wildlife demographers, and other experts collaborating on the project also cited benefits for themselves as well as students and teachers. One expert stated, “Some excellent questions allowed me to take a very fresh look at my research/writing area.”  Another added, “It enhanced my knowledge that education online can really be a great tool for children in school and everyone.”  In those classes where the experts were used, the teachers were very impressed with the thoughtfulness and perseverance their students showed when responding to questions by others online.  Of the impact the telecollaboration had on her students, one teacher states, “They learned more from experts and other students than they did from me.  They had a purpose.  They wanted to find out.  They didn’t have to listen.  It was because they wanted to read and find out or ask a question.”

Although the quality of the communication occurring on the teacher discussion networks was fairly high, some key factors inhibited more robust use of the information technology.  Lack of Internet access and the lack of time posed significant problems to teacher telecollaboration.  Some teachers felt intimidated by the technology and even navigating through a message that had been rerouted or added to by another poster was difficult.  Some teachers failed to gain access to the “conversational floor” by failing to get acknowledgement for their discussion contribution from their online colleagues.  Face-to-face discourse at least gives us eye contact and other nonverbal cues to indicate our audience is listening.  But, communicating via computer network presents new challenges in discourse teachers are working to master.  These difficulties underscore the need for quality entry-level training for teachers with technology.  The data also suggests the need for a discourse facilitator who can encourage computer-supported collaborative work, acknowledge contributions to the discourse, and address technical issues of contributors to the discourse.

Implications for Rural Teachers


The Education Commission of the States (1998) recently surveyed 359 constituents composed of educators, administrators, legislators, and community and state civic leaders, many of whom represented rural communities.  Respondents to the survey identified 59 key educational issues their states faced.  Though standards and assessment ranked as the top current issue, technology ranked as the top emerging issue.  Associated with technology, are questions of how to integrate technology into the curriculum and properly prepare and support teachers to use technology.  The commission’s findings on educational technology—coupled with the fact that teacher professional development was also a highly ranked current and emerging issue for respondents—suggests some need for the convergence of both technology and teacher development at a place where each can serve the other.


An examination of the three telecollaborative projects presented in this study shows that teachers can and do derive substantial benefits from communicating with online peers removed at great distances.  For teachers in relatively isolated rural schools, the professional interaction that network technologies facilitate both enhances and stimulates teachers’ professional practice.  A telecollaborative project can also give teachers access to the perspectives and experiences of experts, which are usually otherwise unavailable.  Additionally, network collaborations foster new leadership opportunities that help teachers’ practice and improve upon their roles as instructional leaders.       


The application of the network technologies presented in this study comes with a price, however.  Teachers in each of the three telecollaborative projects found that appropriately integrating technology into their curriculum significantly adds to their work load.  The time-intensive effort required to apply the technology caused several teachers to rethink their future investment in it.  A key message from these evaluation findings is that teachers must feel comfortable with the technology and practiced at content integration with the technology to be able to produce favorable self- and student learning outcomes.  To reach required levels of comfort and proficiency, teachers must receive increased support at local and state levels for technology professional development.  The development should ensure teachers acquire prerequisite technology use skills.  Teachers also need to be given time to experiment with the technology without the pressure of having to instantly produce improved student performance scores on standardized tests.


In the technology integration projects discussed here, teachers invest themselves because the collaborative process motivates them and because they believe telecollaborative interaction will stimulate students interest in the world around them.  Finding a shortcut for achieving day-to-day instructional tasks is not one of the reasons for taking on a technology-intensive curriculum.  Regardless of the motivation, teachers who are unprepared for the new dynamic that occurs when technology and curriculum are coupled can become frustrated and disillusioned with the technology’s outcomes, even though they believe technologies have great potential to improve learning opportunities for themselves and their students.  With the promise that telecollaborative ventures hold for rural schools, more attention at the school and district level is needed to help teachers gain and maintain that vision of potential, despite the setbacks that will occur with the use of a new instructional tool.
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