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Abstract: The construction of electronic portfolios is closely aligned to new findings about learning identified by the National Research Council. There is a growing body of evidence that portfolio assessment is a good way to understand what learners know and a useful tool to help them organize information as they build new knowledge. We have learned from our students who have built web-based portfolios for the past five years, that electronic portfolios have added value beyond the demonstration of technology skills. In this paper, our experiences, research, and lessons learned will be discussed as well as how we are using what we have learned to redesign and refine our teaching and students’ learning. 

Introduction
New evidence about how we learn was summarized by the National Research Council in their publication, How People Learn(2000):  Their findings concluded (1) students bring previous knowledge including some misconceptions that frame how they will learn new things; (2) students must have a deep foundation in factual knowledge and are able to organize their knowledge in ways that facilitate its retrieval and application; and (3) students need to be taught how to define their goals and evaluate their own progress so they can  take responsibility for their own learning. 

Recent advances in technology and communication networks offers a range of new tools and opportunities to advance learning and assessment.  National standards have defined how our students should be using these tools and how our faculty should be integrating them into their teaching (NCATE, 1997; NETS-T, 2000). One strategy that we are using in the teacher preparation program at the University of Vermont is to encourage and support our students in preparing electronic portfolios that meet our State Teaching Standards. By electronic portfolio, we are adopting Barrett’s (2000) definition and referring to web-based hyper-linked documents where students include artifacts, captions and reflections to demonstrate their competency in six state and thirteen program criteria. Students use a variety of media within this web-based environment to represent their knowledge and organize their evidence to illustrate mastery of all the criteria. 

We have adapted this model of portfolio development as one means to help our faculty and ultimately students learn to use and integrate a host of technology tools into their teaching while it helps our students become more adept at understanding, assessing, and controlling their own learning. Each semester the number of electronic portfolios produced has grown, but this has taken a good deal of support and energy. We have leveraged  resources from our PT3 (Preparing Tomorrow’s Teachers to use Technology) implementation grant to support this effort. However, the emphasis in using technology tools should be focused on students’ learning and not on just using these tools. Does using technology help our students organize and produce more accurate representations of what they know?  Are there other benefits to electronic portfolio documentation? Can this level of support continue to be sustained once grant funds end? 

Literature Review

There is an emerging body of evidence that portfolio assessment is a process for learning as well as for assessing what students have learned (Clark and Estes, 1999; Mabry, 1999; Campbell, Melenyzer, Nettles and Wyman, 2000; Cole, Ryan, Kick & Mathies, 2000).  A close examination of the process of portfolio construction reveals how it is closely aligned to what the National Research Council (2000) discovered about the learning process.  Portfolio assessment models rely on the learners as active players in representing what they have learned through a purposeful collection and explanation of their work (Wiedmer, 1998). Portfolios provide a more accurate  reflection of a person’s strengths and weaknesses (Russell & Butcher, 1999) because in  this environment, the learner’s thinking becomes visible. Hatch (2000) connects the visibility of web-based portfolios as a vehicle to pursue the scholarship of teaching which, in his vision, provides an audience for feedback, sharing, and communication of ideas for others to build upon.  Electronic portfolios offer both an on-going and summative documentation of knowledge, creativity, and perspective and a growing means of assessment being used on an individual, programmatic and institutional basis.  

Technology adds additional value to portfolio construction. An analysis of web-based multimedia portfolios reveals unique opportunities based upon the multimedia, hypermedia, and the communication tools provided by technology and the Internet. (Cole, et al. 2000). According to Jonassen (2000, p. 207), “Multimedia involves the integration of more than one media into some form of communication.” Multimedia tools facilitate the description of information in a variety of media formats. Artifacts can be audio, text-based, video clips, and digital in nature allowing for greater individualization in expression and organization (Russell and Butcher, 1999) and for a more detailed representation of what the learner knows and believes.  A review of literature by Wright, Stallworth, and Ray in 2002 noted that electronic portfolios promote learner self-evaluation while maximizing the use of diverse learning strategies. Learners have greater control and are actively involved in their own assessment and this shifts the classroom from a teacher-centered one to a learner-centered one (Herman and Morrill, 1999). Multimedia presentations hold students’ interest because they stimulate more than one sense at a time and promote a more effective path to learning (Jonassen, 2000). 

Hypertext refers to the linkage of words through nodes or hot spots. According to Jonassen (2000 p. 208) “Hypermedia is simply the marriage of multimedia and hypertext.” This facilitates a nonlinear, non-sequential way of organizing and displaying text.  The hypermedia characteristics of web-based publications allow words, pictures, ideas, videos or any media to be linked by the click of a mouse (Bush 1945; Barnes, 1994) giving users greater control and flexibility in how they proceed. The connectedness of the web facilitates the linking of what has been learned to standards and invites the linking to other web sites and documents. Setting up hyperlinked documents involves complex planning to create logical documentation (Jonassen, 1996) with many connections and branches while the links themselves can reveal  new connections and conceptions to the learner.  Hypermedia provides an efficient and effective way to organize and retrieve information as well as a way to connect information to create new understandings (Kimball, 2003). 

Electronic Portfolio development also promotes reflection and a greater depth of learning. Tuttle (1997) advocates the use of electronic portfolios because they demonstrate wider dimensions of learning and facilitate interconnectivity of theory and practice. Pierson and Kumari (2000) describe the web as both a technology and an interface, a portal that encourages individuality and connection and promotes collaborative feedback. (Cole, et al, 2000) concluded that the main advantage of portfolio development is that it reveals the process of learning to the instructor.  Electronic portfolio development not only reveals the process of learning but also facilitates feedback from multiple assessors throughout the production process. This provides the learners with a clear picture of their what they know and facilitates the ability to recognize what they understand and what they still need to learn. It provides a rich journal of one’s learning experiences with reflective captions that promote self-assessment. Russell and Butcher (1999) found that in building electronic portfolios students had an in-depth understanding of content and portfolios provided a better method for students to reflect upon their work given the formative nature of feedback. 

Portfolio Evolution

For the past five years we have been encouraging our pre-service teachers to use the power of technology to create electronic portfolios. During a required computer course for first year students, they are taught the technical skills to publish an electronic document with hyper-linking and multimedia capabilities. This has evolved from a program-based model using HyperStudio to a web-based model as the Internet has matured and publishing programs became available, interchangeable, and inexpensive. At this time students lack the experiences to respond to state certification or program criteria, so they include some assignments they feel demonstrate their learning, caption their documentation, and design a well-organized web site. 

In fall 2000 a new course was established to support and lead seniors through the portfolio process.  In the fall 2001 semester, we integrated specific lessons to help students build an electronic portfolio into this course.  Half of every two hour class session focused on showing electronic portfolios and having students construct one entry in an electronic format. In response to a state criterion of “teaching over time,” an entry could include lesson plans, student documentation, a video and photographs. These could be scanned or linked to a web page constituting the beginning of their electronic portfolio.  The wireless mobile laptop computers and two scanners were rolled into the course to provide the technology and access to the network.  Two members of the PT3 team provided additional classroom support by assisting students with the technology tools.  A template (http://www.uvm.edu/~cess/pt3/template) was developed to provide structure and support for those students who  felt less secure with visual design and technology skills. 

Digital video cameras were distributed, along with instructions, to each of the student field supervisors and some training was provided in general use and filming techniques. This training has since been moved to the first year course but had never been taught to this group of seniors.  An online course of six lessons was offered to faculty to help them better understand the new state requirements and the value and challenges of electronic portfolio construction. A full week summer hands-on course was also offered to methodology and field faculty to help them build their own electronic portfolios.

Data Gathering

Data were gathered through student interview, questionnaire and examination of portfolios.  Despite focused efforts, only 25% n=32 students developed senior electronic portfolios in the fall 2001 semester. The most common reasons reported for not choosing this method were: (a) stress of having only 4 days to complete the portfolio,  (b) discomfort with their technology skills, (c) lack of access  to a network and computer, and (d) desire to create a more tangible product. Even when not electing to create one, most students agree that an electronic portfolio (a) provides a better way to organize their information and (b) increases their chance of finding a good teaching position. 

 Students who created an electronic portfolio reported (a) they didn’t think it was anymore difficult than the paper format to develop; (b) it helped them get better technology skills in the process; (c) they appreciated the ability to make numerous copies that would be universally available. Some students elected to password protect their sites and keep them on the university website while others preferred to keep them offline and on CDs. Seven of the eight students who produced their portfolios electronically owned laptop computers and had access to the Internet at home. 

The survey was revised and administered to 36 students in the spring 2002 semester. This semester 19 students elected to construct electronic portfolios (52.7%). Students reported spending an average of 93.3 hours to complete their electronic portfolios while those developing paper-based portfolios reported spending an average of 83.3 hours. 

Students were asked to rate the difficulty of creating their portfolios on a scale of 1 (easy) to 10 (most difficult). Students developing electronic portfolios rated their process an average of 7.3 while those developing traditional ones 6.92.  The majority of students did not use the template (72%) while  5 (27%) used or adapted the template for use. Students found the portfolio models and one-on-one help the most effective in supporting their building of electronic portfolios, while workshops and online resources were less helpful.

Interviews of faculty and mentor teachers revealed some interesting comments. One professor noted, “Electronic portfolios make learning visible. I finally know what other faculty are teaching.”  A mentor teacher remarked, “In looking at students’ portfolios, I found some great ideas that I am going to use. A student interviewed reported “The ability to have all my teaching resources on my web site will help me organize myself in my classroom,” while another observed “taking so many years of work I’ve done in preparing to be a teacher and connecting it all on my theme-based website has helped me define who I am as a teacher.” Some faculty reported having difficulty in reviewing some of the portfolios because of navigation issues, lack of extensions or software on their machine, and inconsistent access to the Internet. 

Discussion

We devoted half of each senior portfolio class to developing one response to the State’s “teaching over time criterion.”  With 32 students and 16 wireless laptops, we faced management issues because only half of the students could work at a time. Despite two additional PT3 staff, individual support for the variety of student skill levels was inadequate.  Only a short amount of time was available to teach students how to set up and edit an electronic portfolio. Next semester we plan to provide separate training for students to support their technological needs.

Some faculty have reported problems in understanding how to view, access and assess an electronic portfolio but with a short orientation, most have found them easier to follow. Most enjoy the convenience of being able to view them from their homes and link from state and program criteria directly to the evidence.  We have encouraged students to include short video clips that respond to the state and program criteria. As field faculty have filmed these and as all faculty have reviewed them, there has been an increase in the use of digital video for other teaching applications. One professor has identified some model lessons to use in her methodology course from filming of a senior teaching his class while another is integrating vignettes into his website to model good teaching scenarios in science. 

There has been an increased visibility of our programs. Faculty have reported that they now have a better idea of what other faculty are teaching. This has prompted some to think about interdisciplinary research projects that cross courses and subjects to enable students to study a subject in depth. Web-based portfolios supply a rich display of student assignments and coursework.  Students in field placements seeking units or lessons to teach find web-based portfolios provide a rich resource of both. Our K-12 cooperating teachers report having a better understanding about what our students know and have learned by examining their portfolios. Electronic models provide an easy doorway to access the portfolios, and multimedia provides a tool to represent the many dimensions of learning.

Our PT3 grant has helped our college faculty to focus and connect their teaching to support student portfolios. Education faculty have started to require more technology generated assignments with portfolios in mind. These include: design of a science  webquest, digital video of teaching episodes, software reviews, and Powerpoint presentations that students are now linking to the electronic portfolios that they began in their first year required course. Other faculty are using WebCT discussion boards, smartboard technology, and websites to enrich their teaching with technology.

Numerous impediments still need to be overcome, particularly issues surrounding computer literacy of students and faculty, and equal accessibility to the information technology tools and networks needed.  We are currently working with IBM, The Vermont Department of Education, and the Vermont State Colleges to develop an easier and more effective method to help educators build web-based portfolios. Our vision is to have students begin their portfolios during their pre-service training and then continue with them as teachers in service, demonstrating their mastery and professional development throughout their teaching career.   These portfolios would allow for storage of artifacts in online database where students could upload documents, video, graphics, etc.  with accompanying captions and continue this process throughout their professional development. Access could be controlled by the owner, allowing for feedback and dialogue from selected individuals. The portfolio tool represents one of a virtual desktop with additional tools and  is part of a larger vision for effective and efficient use of technology by educators.. 

Issues surround student’s privacy becomes important also. Some of our field sites are willing to let photos and work of their students in paper-based portfolios but are reluctant to provide the same level of permission with web-based portfolios, even when they are password protected. We have encouraged students to always copy their portfolios to a CD for easy storage and distribution. Current web space is guaranteed for one year beyond graduation although in practice it is usually left for 3-4 years. 

Other issues still need to be addressed: how to best integrate portfolio construction into all coursework, a laptop requirement for our students to facilitate equal access and support, and a wireless network throughout campus that is already in the works. We also need further research regarding the quality of portfolios produced by technology tools versus. paper documentation and how follow-up that examines how these pre-service teachers use what they have learned in their own teaching. 

Conclusions

The organization needs a strong technology infrastructure to develop and support electronic portfolios. This includes easy access  to the technology tools, flexible and adequate technical support, and a commitment by faculty to integrate its use into their coursework. The students need initial instruction about what constitutes a good portfolio. They need to begin identifying artifacts that address the standards they must demonstrate as early as possible in the program. They also need to translate this into an electronic environment and thus need skill development in using web editors and working with digital video, and images. Students need a flexible portfolio format that allows for individualization and creativity. Throughout their coursework they need experiences and assignments that capitalizes and builds upon their electronic portfolio. They need frequent feedback from their instructors, field supervisors, K-12 cooperating teachers and from other students. Students cite a number of advantages in building electronic portfolios but need time, access and confidence in their technology skills for them to elect to create them. They believe it will help them get a better teaching position and that the skills they learn will be useful to them as a teacher. Although the average time students spend in developing an electronic portfolio was longer to develop, students would have elected to do them again.

Faculty need training that encompasses not only skill development in technology tool use but literacy in knowing how to view hypermedia web-based documents. Some faculty have started to develop their own web-based portfolios as a way of organizing their teaching and professional responsibilities. Electronic portfolios have provided us with a common goal and a focus on both how and why we need to integrate technology in our education program. 

The value in electronic portfolios goes beyond the demonstration of technology skills and benefits associated with motivation, distribution, and storage. The real value lies in the behaviors and practices it can engender when it becomes distributable throughout networks. There it can facilitate dialogue between teachers and students, presents a mechanism for sharing of ideas and products, and creates a forum for feedback. It also provides an instrument to see the bigger picture in an academic unit because faculty and field teachers can see what others are  teaching  and what students are learning for a better coordinated and more integrated curriculum. 
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