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Abstract

Teaching students computer technologies sometimes requires untraditional teaching methods in schools, as it is not uncommon that students possess more advanced computer skills than teachers in today’s classrooms. In this paper, we present our study of an course website design project in a public high school to investigate new teaching strategies in technology education. We observed how students and teachers shifted roles during the project, i.e., students became technology consultants and trainers while teachers, although still acting as facilitators of the process, also became learners. This role-shifting resulted in augmented learning outcomes for the student. For the teacher, the challenge of adopting the unconventional role of teacher-as-student required a new teaching paradigm, bringing to light the inherent tensions brought about by such role changes and skill differentials. Lessons we learned from this study are discussed as well as suggestions for teachers and schools that are interested in adopting this approach.
1. Introduction

It goes almost without saying that education of all types, at all levels, is significantly impacted by information technology. First-graders use computer games to acquire reading skills, undergraduates use web-based interfaces to browse college libraries, high school students are often required to use word processing, and may add significant elements of programming or internet research to class presentations. 

In addition to discovering new uses and forms of technology, we are also constantly realizing the impacts that information technology has on the ways we teach and learn.  The classic archetype of educational pedagogy is the K-12 classroom with a single teacher who is in sole command as authority figure and content expert of all course materials.  Picture an alternative – one in which teachers are sitting in a computer lab, listening attentively as the students explain, using a PowerPoint© presentation, how to use a course management system. The students offer a tutorial and then quiz the teachers on their retention of the material at the end of the lesson.

This example is not an imaginary image, and it raises questions about teaching and learning as we know it. Who should be in charge? Who is the “expert” in a classroom? What is the “content” and how should the curriculum be constructed? Can teaching itself be an effective learning tool for students?  Are educational goals in this model still the same or have they shifted?  

Information technology is, in many classrooms, ever-present. It is well known that students are often more technologically savvy than their teachers. It is also well known that technological acumen and skill are essential in today’s world. Given the presence of technology and the reversal of technology related expertise levels between students and teachers, how can students gain the knowledge and skill they need? In some subjects or areas of the curriculum, teachers may not be able to function in their traditionally accepted role as content experts. 

This shift in educational context presents new challenges for pedagogy – it seems that some evolution in teaching practice is required.  Our research group, Civic Nexus, has worked in collaboration with a local high school program that ran head-on into this issue. We believe that the experience of the students and teachers in the program, who together developed and implemented an online health course website, suggests that different learning and teaching strategies can be used to integrate computer technologies into the school curriculum.

We begin with a review of relevant literature, followed by an in-depth description of the online health course project. Finally, we discuss the course as it relates to teaching and learning and explore possibilities for future research. 

2. Teaching and learning in the digital era 

   Much of the educational literature about the use of the Internet in the classroom talks about how the introduction of technology is changing the teaching and learning process [10]. In the old model, “school is a place where information is received, memorized and repeated. The underlying assumption in didactic or traditional schooling is that students’ mastery of content will transfer to their ability to process diverse information and solve problems of the everyday world” [10]. In the new model, “we turn the old model inside out. At its core, we have real-world problems to be solved. We teach our students a set of skills and strategies, providing a range of tools to solve these problems” [10].

   Computer technology has the potential to allow students to explore and to be more in control of their learning in the educational process [3]. Because just about anyone with an Internet connection can publish information on the Internet, students have the potential to be information producers rather than just information receivers [4]. The study by Henry Jay Becker has shown increases in learning when students used the computer for sophisticated writing and complex reasoning activities [8]. Wenglinsky examined the impact of technology on learning in mathematics for fourth and eighth graders and found out that technology’s impact on students learning depends on how the technology is used [11]. 

   The use of the computer technologies is changing the way that teachers prepare lessons and the relationship between the teacher and students. New technologies can foster interaction between students and teachers because of the flexibility it allows in presentation [3]. In the hypertext environment, teachers would benefit from the use of multimedia resources in their lessons. This requires effort and know-how to design activities that take advantage of digital resources. Furthermore, other teaching issues include authoring issues (teachers don’t have the time to author), managing learning in electronic environments (class time on system problems vs. content), and managing a student-centered environment (student insights can be wrong and time consuming, time must be spent to evaluate student input, creating assignments and activities, evaluating these activities) [3]. 

   A few studies have looked directly at how the learning and teaching process has changed as a result of using Internet technology. Marchionini and Crane [4] reported on the use of the Perseus system, a hypertext database containing Greek texts and images. They found that one of the features of Perseus that students enjoyed most was the images database because the pictures added clarity to the lessons. At the same time, students experienced difficulties in using the system such as knowing how to handle the multiple forms of media available to them. Students also expressed confusion over how to take notes because they had access to multiple sources of information, including a screen of text, images, and the instructor’s verbal instructions. The question of what to concentrate on required “new combinations of perceptual, cognitive, and physical skills for learning” [5]. 

   Similarly, teachers faced new challenges in using of the Perseus system. A great deal of infrastuctural issues arose because teachers had to spend time not only learning the technology but also setting it up. In addition, teachers did not always have access to the tools used to create lessons, making it inconvenient when they tried to introduce the new media into their own recitations. This technology also caused problems in terms of instructional design and classroom management.

   Jacobsen [2] provided another example of how students and teachers change as a result of using digital material. She examined the information literacy portion of a required secondary level introductory computer science course. The purpose of the course was to teach students be effective seekers and users of information in electronic environments. Their preliminary research showed that teachers must be flexible in their expectations from students, not only because of individual differences among students but because operating in an electronic environment changes the methodology of information seeking in a classroom environment [2, pp.2]. Jacobsen found that, in general, students were positive about using the on-line sources but found it difficult to deal with the quantity and quality of information available. Jacobsen argues that skilled mediation and intervention will always be necessary to help students deal with the complexities of the Internet.

   Likewise, learning and teaching strategies must change for technology to be an effective and beneficial tool in education, and it is important to examine how they change in the implementation process. One example of such a program that tries to account for these shifts in learning and teaching is Generation Y in which students use their technical expertise to help teachers integrate technology into their curriculum. In this program, students take part in a formal technology training course in which they are paired with a teacher to help carry out a technology project in their school. [1]. This program hints at some of the shifts that can occur in the classroom as teachers and students deal with learning in an inaugural digital age. 
   Similarly, we present a case study of students working with teachers on a technology project in their school and identify some role reconstructions that occur in the process. In this study, both the students and teachers are acquiring knowledge of online technology, but their responsibilities are recast. The teacher plays an important role as facilitator in this learning process, however the students are more knowledgeable about the technology than the teachers and become the experts, taking on the roles of instructors and consultants. 

3. Learning Enrichment Center 

   The Learning Enrichment Center/Gifted Support Program (LEC) is a program that is part of the State College Area School District (SCASD). One of the major goals of the program is to provide learning opportunities to students who are interested in exploring areas beyond the standard curriculum. This program supports the development of a range of interests such as art, writing, and mathematics through activities such as field trips, guest speakers, and training sessions. It also encourages students to develop their problem solving and research skills through participation in real world projects.

3.1. Project background

Since August 2003, we have been working with an LEC teacher and a group of LEC students who are interested in learning web technology as an extra-curricular project. The students in this project worked on creating an online version of a mandatory health course offered by the high school.

Currently, the students either take the course in a traditional classroom setting or as what the school refers to as a “correspondence course”. In the correspondence option, the students do self-study on the subject based on the course materials handed out by the teacher, then take a final exam at the end of the semester. The health course was selected for the online project because administrators at the school noticed that more students were electing to take the health course via correspondence course rather than taking the traditional classroom course offered at the school. According to the LEC teacher, students increasingly choose the correspondence option (over a hundred every year) because it is more flexible and the course content itself can be easily self-taught. SCASD’s assumption was that the online course could replace the correspondence course because of its convenience for both students and teachers. 

When the project started in October 2003, the group had 10 students. One senior student with advanced computer skills joined the group in January 2004 and became the administrator of the server on which the course website was running. In this project group, the level of each student’s computer skills varied. Some students had very basic technical skills such as the ability to scan materials and search for information from the Internet. Others had more advanced skills such as programming in C++ and writing shell scripts for servers. The LEC teacher who was responsible for coordinating the students’ activities on this project was comfortable with basic computer technologies like email or web surfing but did not have experience on course website development. Some of the students had already taken the health course through correspondence and some had taken an online version of the courses offered through a different institution.
Our role in working with this group changed throughout the design process. In the early stages, we were more active in providing advice about the format of the web sites, suggesting course management software, and hosting a lab session at our university. Over time, our role faded to the point where we are in the role of “observer”, occasional “hint giver”, or “active listener” encouraging reflection on the design process. 

3.2. Data Collection    

Our fieldwork with LEC involved interviews, observations, collection of design artifacts, and an open-ended questionnaire. We interviewed the SCASD director once and the LEC teacher three times. The interviews covered a broad range of topics related to the project such as the background of the LEC, the goals of this project, and issues related to the design process. At the end of the project, we interviewed the teacher about her learning experience on technology during the project and her feedback on working with this students group. We observed the design process by sitting in on weekly meetings in which students discussed and worked on the design of the on-line course and we joined the group’s mailing list to capture the communication among group members through emails. We took field notes in these meetings and kept a record of all the emails from the mailing list for data analysis. We also videotaped the presentation given by the LEC students to schoolteachers and the subsequent discussion about their designed online course as part of our data. We kept track of design artifacts recording changes that the students made to the website along the way and capturing the final version of the website that they created. Finally, we produced a questionnaire that was administered to students to capture their learning experience during the project. We sent the LEC teacher a research paper based on our interpretation of the project process for feedback and member checking. 

4. An online health course project

   Since October 2003, the students interested in web technologies have been working on design of online courses for school curriculum. The students created a health course website as a potential alternative to the high school’s correspondence version of the health course in which students learn the material by self-study. The students in this project were responsible for the design of the health class web site based on the existing health course materials. They used the open source courseware Moodle to design the website for the course, to manage course content, and to set up a grading infrastructure for the course. The students were also in charge of maintaining the server for the course, managing the course database, putting existing course material on-line, and developing new content in the form of quizzes to test student learning.

   The teachers involved in the project include the LEC teacher who worked closely with the students group and facilitated the project process, the other staff members in LEC that offered help to the project like providing hardware for the project, the health course teacher who provided course materials, and other teachers who were interested in the project like English teachers who attended the formal presentation and discussion of the designed health course website offered by the students group.

   We resolved the project process into three phases with respect to characteristics of the students and teachers: In the design phase, the students were simultaneously learners of the web technology, courseware and of the website design process, as well as the actual designers of the online course. The teachers facilitated the project by providing a meeting space for students group and scheduling computer lab sessions for the group; they also acted as informants by providing course-related materials for the online course. In the presentation phase, the website was developed and the students took on the role of consultant, describing the implementation details and pragmatic benefits of the website they built and the design process they followed; the teachers adopted the role of students learning about the designed website and the process of building it. In the evaluation phase, the students were learners of the project evaluation process and its techniques; teachers again acted as facilitators for the evaluation process, as well as experts on course evaluation design by guiding the students with design evaluation questions. Table 1 shows the three phases of the project.

Table 1. The three phases of the health course project process

	I. Design phase
	The actual design of the online web course

The LEC students simultaneously learned about the design process themselves and the specific courseware used to implement the design, and maintained the server and database of the website

The teacher set up weekly meetings in which the students worked on the design project



	II. Presentation phase
	A presentation given by the students to schoolteachers on course website design

The students instructed the teachers on how to design online courses with the software, led them in navigating the designed health course website, and discussed technology issues related to the project like Linux OS

The teachers learned course website design from the students, and discussed with the students concerns adopting the online course option in school curriculum



	III. Evaluation phase
	The design of the online health course evaluation 

The students and the LEC teacher together designed a questionnaire for students who will take the online health course and for the teacher who will teach the course



4.1.  Shifting Learner/Teacher Roles: constructing expertise in the classroom
   We have observed that roles of students and teacher shifted throughout the process, compared to their roles in a traditional classroom setting. Traditionally, teachers are knowledge authorities and hold higher status in terms of advising and directing students in a course. Teachers help students learn by teaching students what they know, guiding students to develop learning habits and learning techniques. In the health course project, the LEC teacher does not hold such a higher status in the area of web technology over the students. In fact, she learned about technology from the students in some cases. We describe the first phase of the project process in detail in this section as an example of how students took the role of learners and designers and how the LEC teacher worked as a facilitator instead of technology expert in the process. 

In the design phase, the students met once a week to discuss course design and worked in the computer lab to implement the course website. Early meetings before the actual implementation of the website involved discussions about course design issues such as: (a) what materials need to be on the course website, (b) how to present these materials and (c) what are the administrative issues of the website. The students were active contributors throughout these meetings and designed web features to address these issues such as online quizzes in each course section for self-study, a message board for announcement from the teacher, a forum where the teacher and students would discuss course related issues, and a history list of course sections that a student has reviewed, etc. 

In the middle of the process, the students selected Moodle, an open source courseware system, to organize the online version of the health course. The students learned to use Moodle to design the website, manage course content, develop the format of quizzes, and set up the grading infrastructure. A screen shot of the health course website they developed is presented in Figure 1. The students made decisions about the overall look of the website such as where information should be presented on the website as well as the types of activities contained in the site (assignments, forums, quizzes, resources, and schedules). 
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Figure 1. Online health course website

  The students put online the materials that have been used in the correspondence version and classroom version of the course, and developed some extra content for the course based on these materials, such as designing quizzes, creating sample assignments, writing overviews for each course session, and providing samples of the way that grading and feedback can be provided to the site. Figure 2 shows an overview written by the students that provides information about the course unit on communicable diseases. 
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Figure 2. Unit/session overview written by the students
Besides working as course website designers, the students were also in charge of managing the technical infrastructure needed to put the course material online. This involved installing a Linux server and installing Moodle, maintaining the server, and managing the course database. 

The LEC teacher experienced a similar shift in roles, becoming a facilitator in the learning process rather than the traditional teacher role of content expert. She facilitated the design process in many different ways: she provided a great deal of the infrastructural support needed to complete the project such as organizing meeting a space and scheduling computer lab sessions for the group; she played an organizational role reminding students of the progress that they needed to make and keeping track of the decisions that they made; finally, she played an important role in helping students connect the design of the website to the classroom teaching/learning process.

It is important to note that teachers can act as facilitators even if they do not possess the same level of technical expertise as their students. For example, in one case the LEC teacher served as a messenger between two students working on a technical problem. In this incident, one student made changes on the server connected to the course website setup, and before he left, he asked the teacher to tell another student about the changes he made. When the second student came in, the teacher tried to tell him about those changes. Because she did not really understand the mechanism underneath the changes, she was not able to re-articulate the exact meaning of those changes to the second student. However, because the second student was familiar with server technologies, the information that the teacher provided was detailed enough to help him understand the changes that had been made. There was another case that shows how the teacher “solved” a technical problem without possessing the technical knowledge. In this case, one student had problems with MySQL database in a computer lab session. Knowing nothing about MySQL database, the teacher looked for technical help using her social network. She first looked for a senior student who she knew could probably solve the problem, and when that student could not be reached, she called her son who is a website developer in the Pennsylvania State University to help the student. These examples show that although teachers may not be technology experts, they can still facilitate the design process.  

The activities in design phase of the project demonstrate some of the shifts in roles that can occur as teachers and students share responsibility for the design of an online course. In this process, the students learned more than just technical skills. In putting the course online, they had to make decisions that they might not have considered in their role as “student” taking on tasks and ways of thinking that belong to a “teacher” in a traditional classroom. The teachers switched roles from authorities to facilitators in this process finding ways to help students direct their own learning, problem solving strategies, and their design process. This new role was necessary because while the teacher is an expert in curriculum development she did not have the technical skills to put the course online herself. 

The role shifting of students and teachers occurred in the presentation phase and the evaluation phase as well. At the end of the presentation, for example, the students asked the teachers to take a quiz to test how much they had learned about the Moodle course and online course design. This pointedly demonstrated the role shift of students and teachers.   

4.2. Co-designing course evaluation: enhanced learning outcomes of student-led technology projects

   In the previous section, we discussed the role shifting of students and teachers in the project process. This role shifting resulted in enhanced learning outcome for the participants. As we have pointed out above, by playing the role of “teacher” in the project, the students learned to make executive decisions in course design as “teachers” instead of as merely students. As an example, we present the evaluation phase of the process in this section to illustrate how the students took an active role in designing course evaluation. Course evaluation is a common teaching practice, but designing an evaluation reflects a higher level of pedagogical skills that the students were exposed in the process, an enhanced learning outcome of the project.

The evaluation phase involved the evaluation design of the online health course carried out by the students and the LEC teacher.  The students were learners of the course evaluation process and evaluation techniques. The LEC teacher again acted as facilitator of the evaluation process, as well as content expert on course evaluation guiding the students through the evaluation design.

All students acknowledged that the evaluation of the online course is important as part of the process and that a future redesign process might be necessary based on the results of the evaluation. The students’ group and the LEC teacher designed a questionnaire for course website evaluation. The questionnaire was intended for students who would take the online health course. In the questionnaire, the students targeted different issues related to the project such as a). some specific course design issues like helpfulness of chat, online forums and online chapter quizzes provided by the website on subject learning, b). user interface design issues like ease of website navigation, problems with course website (e.g., technology difficulties), and c) issues for adopting online courses in school curriculum such as comparison between the online course and correspondence courses they have taken, and the benefits and disadvantages of taking online courses. Below are the questions from the questionnaire:

1. Now that you've taken this course, would you choose the State College Cyber Course over the other correspondence and cyber courses?

2. What were some of the benefits of taking the course online?

3. What were some disadvantages?

4. Do you think the chat sessions and online forums were helpful? If so, why?

5. Was the interface easy to navigate? If not, why?

6. Did the chapter quizzes adequately prepare you for the mid-term and the final? 

7. Was the feedback from the chapter quizzes helpful?

8. Did you have any technology difficulties? If so, describe.

9. What recommendations do you have for changes to this course?

Students also put the evaluation questions on the course website so other students (or the course teacher) who take the online course can do the evaluation in the future. Figure 3 is a screenshot of the first page of the evaluation questionnaire showing the instructions written by the students. The instructions clearly show that the students understood the role of evaluation in design process–“The purpose of this questionnaire is to help us to continue to improve our online course”, and their expectation on the questionnaire–“There are no ‘right’ or ‘wrong’ answers; we are only interested in your opinion”. The instructions also show that the students had considered privacy issue that may be raised when they put the questionnaire online and ensured evaluators of the course in the instructions that–“…your response will be treated with a high degree of high confidentiality, and will not affect your assessment”. They also took into account the issues with the user interface and explained to evaluators in the instruction that “While the answer format presents a small box for answers, type as much as you would like. Despite the small box, we would still receive your full answer.”    
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Figure 3. Online questionnaire designed by students

Our interviews with the LEC teacher suggested some types of the learning that occurred in this context. The teacher commented on the students’ progress such that “at the beginning of this project, we had no idea where we were going or how we might get there, only that we wanted to do this.” “The students truly amaze me.  They are very committed, knowledgeable and very willing to help each other to troubleshoot problems or teach a new concept.” As to progression on technology, the teacher said “The students have learned very much in this area [technology]” “[they learned how to] back up the database, format new material online”. She also said that she herself had learned a lot about technology in the process as well: “I have learned so much about technology from this project. I have learned about setting up the computers, Moodle and how it works, power, backup needs, checking into what is legal and how we can do what we need to do.” Motivated to learn more on technology by this project, the LEC teacher said, “I am teaching myself PhP and hope to spend more time doing it this summer when I don't have so many other projects.” She also acknowledged that the students learned a lot in terms of communication and collaboration skills, and have learned that “[they] need to communicate to staff and public [to make the project succeed]”. 

Commenting on the process through an open-ended questionnaire, students acknowledged their learning progress in different facets such as technology, organizational skills, etc. For example, one student said that he had learned HTML during the process.  Another student said he had applied what he had learned in this project–how to design interface layout in the project, to many of his poster projects. Most of students said that the hardest thing of the project was to organize course materials and design the website. For example, one student said that “[the hardest part of the problem in the project was] figuring out the best way to put things into the course [website]”. Although we are still in the process of evaluating the course website, it seems reasonable to us that students have learned organizational skills from the fact that they have managed to design the course layout and put the materials online in the end.

4.3.  Challenges to Changing Education Paradigms

   It is expected that technological projects like this where students take major responsibility in implementing technologies for classes will not only help teachers learn technology and integrate technology into their teaching curriculum, but also help students gain hands-on technical experience. Given these benefits, one might assume that such projects are always welcomed in schools and are a means through which technology can be integrated into curriculum smoothly. However, challenges do exist in carrying out this type of technological project. Using the presentation phase as an example, we show some of the challenges in changing education paradigms for integrating technologies in the current curriculum. 

   In the presentation, the students instructed the health teachers on how to design course website using Moodle and presented advantages of offering online courses compared to correspondence. In spite of this, the health teachers did not adopt the idea of offering an online health course, and the Health Department of the high school did not approve the online option of the course in the end. 

   During the presentation, the students showed the website from the perspective of a potential teacher and a potential learner. They discussed the technical infrastructure behind the site as well as issues connected to how the teachers might use this online system to deliver a course. The students took great care in talking about the choices that teachers could make when structuring assignments and evaluating the progress of students. They also talked about security issues on the website and how to backup data. Two students gave a presentation with a live demonstration to introduce Linux to the teachers and explain the reasons for using a Linux server. The students also highlighted the teacher’s ability to monitor and control student participation in the course.

   Throughout the presentation, the students instructed the teachers on how to design online courses with Moodle, led them in navigating the designed health course website, and discussed technology issues related to the project like Linux OS. They helped those teachers who had trouble in navigating the website with one-on-one assistance. The teachers were provided Internet ready PC laptops during the presentation to experiment with the health course website guided by the students. 

   It can be difficult to change established teaching practices in a school. The students received feedback after their presentation from both administrators and from the health teachers. During the discussion session of the tutorial, some of the teachers had concerns about adopting the online format of courses in the curriculum, and the extra effort teachers would have to take to put a course online. Students were very active in the discussion and made every effort to convince the teachers that online courses offer advantages to both students and teachers. When comparing the difference with the correspondence course, one student explained that the chat tool of the course website would help the course teacher and students discuss course issues, which is usually not provided with the correspondence module. He commented, “[in online course option] you get a teacher, instead of a book”.

   The Health Department of the school decided not to offer the online option of health courses. The LEC teacher explained to us that there was an underlying tension about losing students from the existing classroom-based health course to the online format in the Health Department. Many students opt for the correspondence version over the classroom version already. This critical incident indicates that teachers’ learning and integrating technology into their practice is not only a challenge of learning new things but also of changing the attitudes and the methods of teaching and anxieties over losing students to more technologically sophisticated type of learning. 

   The role shifting of students and teachers in this technological project implies a challenge to education paradigms as well. Traditionally, it is expected that teachers design courses and guide students in learning activities. With technological projects in which students are more knowledgeable and may guide teachers in some cases (e.g., in the presentation of the health course project), teachers may feel uncomfortable with the process. We noticed that in the presentation of the health course project teachers did not ask for help when they had problems in navigating the course website. Instead, the students who sat close to the teachers noticed they were having issues and offered their help voluntarily. It is possible that teachers are not used to being learners in their interaction with students who are guiding them. How to engage the teacher in the process as a facilitator and learner instead of a teacher is a challenge.

5. Discussion

 In this project, we explored a program in which high school students worked with a teacher to carry out a technology project at their school. The students that we studied were involved in creating an online version of a health course that is currently offered at their school in a traditional face-to-face format as well as through a correspondence format.  In this type of learning environment, we noticed that students and teachers switched roles throughout the process. As they worked on the project, the students were able to learn new technical skills and to apply these to a real world project. The teachers learned more about technology as well and how it could be used in their own teaching practice. We also noticed that in these new types of learning environments, learning outcomes may go beyond just learning course content. In this project, students were responsible for evaluating and reflecting on the success of the course itself. We also observed that there are challenges when trying to encourage a shift in education paradigms. It can be difficult for teachers to be in situations where students know more about technology than they do and it can be difficult to give up some control over the structuring of activities in the classroom. Such a shift requires teachers to take on the role of facilitator rather than content expert and for students to take on some responsibility for course planning, content, and evaluation. In this section, we present some of the tensions involved as teachers and students experiment with new ways of integrating technology into the classroom.

Students are good learning technology but teacher facilitation of the process is important

In our case study, we found that the LEC teacher played an important role in facilitating the learning of the students and the technology project itself.  This finding mirrors the work of McGivney and her colleagues who found that it was often necessary when carrying out a technology project for someone to play the role of facilitator [6, pp.25].  A facilitator works in the project to widen participation and to encourage learning about technology. While the LEC students were able to quickly learn about the technology used in the project to develop the course website, they were not always mature enough to be responsible for the whole process, especially given the informal nature of the learning in this project. For example, quite a few students did not attend one meeting in winter 2003 because the school had arranged a ski trip on that day. We also observed that after the students figured out Moodle’s functionality, they were much less interested in the project as compared to the beginning of the project. The group might have quickly lost momentum once the students figured out how to use Moodle if the teacher had not encouraged and facilitated their design and implementation activities throughout the process.

Teachers can facilitate computer technology projects even if they do not know how to implement the technology

It may seem intimidating to teachers to facilitate a technology project when they have minimal technical knowledge of the specific tools used to carry out the project. This is especially true when the students implementing the project are also novice users of the technology. However, the online health course project has shown that despite a lack of specific technical skills, teachers can still facilitate student learning and make important contributions to this process. In this project, the teacher was comfortable with basic web technologies like email or web surfing but did not have experience using some of the more advanced technologies used to develop the online course. In spite of this absence of specific technical skills, she played an important role as a facilitator, making sure that the students had the resources and scaffolding that they needed to carry out the project. She made sure that they had the physical resources that they needed to carry out the project such as access to computer technology and to a computer lab. She was also able to draw in technical support from both inside and outside the school when the students encountered obstacles that they could not resolve. She helped the students think more about how an online course should be structured and how the technology that they were creating might be used and evaluated by other teachers.

Getting course teachers involved in the project as technology learners can be challenging

A significant tension experienced in the project was how to encourage teachers to be involved from the very beginning of the process and how to engage them in some of the more technical aspects of the project. We found that the teachers tended to act as course content experts and did not learn about the technology behind the course management system. In the health course project, the health teacher only attended one out of five design meetings and none of eleven project meetings about implementing the course website. He learned about the course website and how to navigate the website when the students gave the presentation to the entire group of interested teachers. If the health teacher had been involved in the project more, he could have had more say in the course design and may have learned more about the technologies involved in the project. With little involvement in the project process, it is unlikely that the teachers will buy into the technology, which means that it is unlikely that they will actually use the final product that is produced. They may also miss out on ways that their teaching practices could be enhanced by making use of new technical innovations in their classroom.

The failure of the health teachers to adopt the students’ online class design also reminds us of the inherent challenges involved in changing educational practices. Part of the resistance that we saw in adopting the health course may have been related to the challenges involved in being part of an educational project that reversed traditional student and teacher roles. Teachers may feel uncomfortable learning from students and giving up some control of their classroom. This learning environment may require students to take on responsibilities for courses and for structuring their own learning in more active ways. The shifting roles of teacher and student implies a whole new attitude towards teaching and learning, which is a challenge for both teachers and students as we discussed in section 4.3. 

 Supportive school structure such as convenient communication channels are important  

 To help informal learning take place there must be an infrastructure in place within an organization to support this style of learning. Such structures include: an open and supportive organizational structure, support for various levels of skills, convenient communication channels, and enough time to complete projects (Sefarty et al., 1998; Salas et al., 1998). In the health course project, the students’ ability to carry out the project and to learn technology was supported by the school. The school supports projects such as this through the Learning Enrichment Center program. The LEC is designed to create learning opportunities for students to participate in extracurricular projects, encourages teachers to learn technology, and encourages the use of technology in the curriculum.

For schools that do not have a structure like the LEC to support students’ extracurricular activities, we suggest that structures be put in place to help students acquire needed resources (eg. computer labs and meeting rooms in the school, ordering hardware and software for the project). There is also the need for coordination work to be done to recruit interested teachers and to raise awareness about the project within the school. To encourage teachers’ participation in technology learning and implementation projects, the school may also develop programs that make teachers’ engagement in these activities more visible such as a yearly award to the teacher who best integrates technology into practice, or a demo day for teachers to show technologies they have used in the courses. 


Collaborative teaching models may be needed to facilitate technology projects
   It may be important for educators to consider collaborative teaching models when designing and implementing technology projects in the curriculum. The health course project presented a case where teachers facilitated a technology project in which students learned technology by doing the project as a group. One potential problem with this strategy is that students may need technical guidance in their self-learning process that the teacher cannot provide himself/herself or that he/she cannot adequately plan. As a possible solution to the problem, we suggest the importance of collaborations between teachers and technical experts. Teachers may collaborate with school technicians on some technical issues, with teachers with greater technical skills, or may use their social network to find technical experts in the community that can offer help. It may also be necessary to include technical experts in the teaching to adequately plan the resources needed to complete the technology project and to design the curriculum to ensure student learning. These technical experts may also be involved in setting learning outcomes and assessing students’ learning about technology. In the health course project, the LEC teacher looked for senior students who were more computer knowledgeable for help when students participating in the project had problems.  

Evaluation must capture long-term technical as well as social impacts

When evaluating the impact of a technology project, it is important to capture a wide range of learning outcomes beyond just acquiring technical skills. It is certainly relevant and important to assess the technical skills that the students and teachers gained as a result of the redesign process. On a broader level, also relevant are the shifts in practice that accompany the adoption of new technologies in the classroom. New technologies have the potential to change what it means to be a teacher and what it means to be a student in a classroom setting. For example, incorporating technology into a classroom may require teachers to act more as facilitators coordinating the work of students who have more technical skills. Similarly, the work of being a student may also change. In this class, students were not only technology implementers, they were also content creators generating quizzes and other material that could be used to deliver the class. 

Technologies create new affordances that can have intended and unintended consequences that must be evaluated over the course of the project. The use of a technology like Moodle meant that students could work from home and could put course materials on the website from their home computers. While it may be more convenient for students to work on the project at home, at the same time they may not be mature enough to direct their own work and may miss out on some of the group work that can help them keep focused and interested in the project. Online classes also have the potential to create new expectations about how and where work will be carried out, creating borderlands between home and work that need to be negotiated. Similarly, we need more long term and broader ways of assessing the impact of technology use in the classroom.

6. Conclusion

 Innovations in Information and Communication Technologies (ICTs) are pervasive in our daily lives across all sectors of society, including our educational system. With the fast pace of ICT development, it is not uncommon that students master more advanced computer skills than their teachers. Advances in ICT have resulted in shifts in teaching and learning practices. New pedagogical strategies in teaching students computer technologies are necessary to help both teachers and students to cope with the new demands placed on them in the digital age. 

The health course project carried out by the student group at the Learning Enrichment Center in State College High School provided one model of the way that students and teachers can work together to encourage technology learning. In this project, students learned technologies by doing the projects; teachers facilitated the process, getting technical experts involved when students encountered technical problems. This is an informal learning setting for both students and teachers, and suggests a possible solution for teachers who are not knowledge experts. However, there are some issues important for the success of such projects like teacher’s facilitation and school’s supportive structure.
With the students’ advanced computer technology skills and the teachers’ domain expertise in classroom teaching and pedagogical practice, students and teachers can work together to integrate technologies into courses enriching school learning activities. With their knowledge of cutting edge technologies, students may push teachers to consider how they might incorporate new technologies into their teaching. Likewise, teachers may help students direct and develop their interest in “cool” new technologies into practical project in the school and in the community. Together, they can help integrate technologies into courses enriching school learning activities.  
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