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CURRENT CONTEXT: LEARNER-CENTERED TOOLS IN A DESKTOP COMPUTING ENVIRONMENT

Our work at the Center for Highly Interactive Computing in Education (hi-ce) focuses on developing learner-centered software [5].  A traditional user-centered approach designs usable tools that support work experts in completing their work activities as easily and efficiently as possible.  By contrast, learner-centered design (LCD) is an approach for developing software that supports learners, a specific novice audience trying to work in and understand an unknown work practice [1].  Learner-centered tools incorporate scaffolding features, that is, software supports that make new, complex activities accessible and doable by learners, thus enabling them to develop an understanding of that activity in a “learning by doing” fashion [1].  

At hi-ce, we develop scaffolded tools for middle/high-school science students doing science investigations.  Thus we have developed a range of tools for different individual science inquiry activities and the science inquiry process [1].  Our goal is to make science inquiry activities accessible to students so they can mindfully engage in substantive science inquiry over an extended time period (e.g., air and water quality investigations, communicable disease studies).  Our tools are for desktop computers, so students use the software periodically during classroom time or at home for those students that have home computers.  

Given the desktop nature of our software, we have developed methods that we can use to observe student software use and to evaluate the software from both tool usability and work learning perspectives.  However, our research is now moving in a direction where we are giving students a more ubiquitous computing environment than before, which is leading to some evaluation challenges.  We hope that our evaluation experience could be useful in this workshop and that we can also learn some approaches for evaluation in a more ubiquitous computing environment.  

CURRENT EVALUATION APPROACH

As part of our overall LCD process, we have developed an evaluation procedure that illuminates the strengths and weaknesses of the scaffolding strategies we incorporate in our software.  Learner-centered software evaluation should focus on evaluating individual scaffolding features to see how well learners engage in and learn the new work practice.  Thus, we evaluate the different cognitive effects resulting from technology use, including [4]:

• “Effects with” technology, i.e., the changes in performance that students display as they use the software.  By evaluating these “local effects” of technology, we analyze how learners use different scaffolded features to do the new work.

• “Effects of” technology, i.e., the changes in the learner’s understanding of the work practice (or the “cognitive residue”) after they have used the software.  By evaluating these “global effects” of technology, we analyze the effectiveness of the software as a whole.  

Evaluating the “effects of” the scaffolds is more straightforward, using baseline assessment of the learner’s initial work knowledge and post-tests after extended software use to see what learners know about the new work.  Instead, we have focused on evaluating the “effects with” scaffolds [2, 3].  While we still consider more traditional evaluation, i.e., usability and efficiency of the tool, we also evaluate how well learners mindfully perform and understand new work activity given the scaffolding features in the software.  

Data Collection for Software Evaluation

In order to evaluate the software, we need to closely observe how students interact with the individual scaffolds to do their work.  Students usually work in pairs when they use our software.  Each student pair works on personal computers connected to process video kits that videotape the computer screen as the students work.  Students also wear clip-on microphones to record their commentary.  Thus the primary evaluation data that we collect consists of a videotaped record of the students’ work synchronized with their audio commentary.  

“Effects with” Evaluation Method

Given the video data, we analyze the “effects with” scaffolding with a three-phase method to analyze the different instances when student pairs used scaffolds [3].  

Phase One: Coding by Individual Work Activity

Phase one describes what work students perform with the software and what scaffolds they use.  We isolate specific work episodes from the student video and decompose them into smaller units of activity (e.g., science inquiry activities include planning, data collection, modeling, etc.)  After identifying the work episodes, we identify the scaffolds used in each episode.  

Phase Two: Scaffolding Usage Evaluation

Phase two analyzes how students used the scaffolds to perform the activity in each work episode by applying evaluation criteria to each scaffold use.  Table 1 describes the criteria we devised to evaluate the scaffolds [2, 3].  

Table 1: Scaffolding Evaluation Criteria

	Criteria
	Description

	Accessibility
	Can learners access and use a scaffold?

	Use
	Do learners use an accessible scaffold?

	Efficiency
	How fast or how easily can learners use a scaffold?

	Accuracy
	Do learners accurately complete the work activities supplied by a scaffold?

	Progression
	Do learners progress through their work activities in a linear fashion (i.e., novice-like) or in an opportunistic, non-linear manner (i.e., expert-like) over time?

	Reflectiveness
	Do learners reflect on the activities supported by a scaffold or are they simply completing the activity without much reflection or discussion?


We analyze each scaffold use instance in a work episode with respect to the evaluation criteria to create an individual scaffold evaluation report.  All of the individual scaffold reports for a given scaffold are then consolidated into an overall report detailing how students used and did their work with each scaffold.  

Phase Three: Scaffolding Meta-Summarization

Phase Three summarizes the individual scaffolding summaries in different ways to describe how students used each scaffold over time.  Summaries are created to detail how a given student pair uses each scaffold over time in each problem unit where they use the software.  Summaries are also created to see how all the student pairs use each scaffold in each problem unit.  

NEW RESEARCH DIRECTIONS AND EVALUATION CHALLENGES  

While we are using our “effects with” evaluation method to evaluate our current desktop learner-centered tools, we are now exploring new tools for students that give them more ubiquitous access to information and functionality.  We are developing a set of science and information-seeking tools for use on wireless, handheld devices so that students always have access to different tools, not just in the classroom (i.e., desktops), but also for field studies (i.e., handhelds) and home use (i.e., desktops/handhelds).  In an upcoming study, students will be given a wireless Pocket PC device for the school year to use anytime at home or school to work on their science projects (while still having access to desktops in the classroom).  Our research questions include: if students can use wireless, handheld devices for collaboration, information access, and scientific computing, does it substantially change the way they work and enhance their learning?  How do students use the different technologies (e.g., wired desktops and wireless handhelds) to engage in collaborative, information-intensive science projects?  What kinds of collaborative, scientific, and discourse activities can students engage in when they have ubiquitous access to a computing device (handheld or desktop)?

Given this new research direction, evaluation now becomes more challenging.  First, while we can easily observe what students do in a desktop computing environment, how do we observe and track student work activity when they have ubiquitous access to different computing devices?  Our current process video approach will not work when students are using desktop computers along with handheld computers in the field or at home.  Second, are our current evaluation criteria still appropriate for evaluating scaffolds/user interface features on handheld devices?  Third, as students can now gather information and communicate with other students/teachers/experts at any time, how do we track and evaluate the discourse patterns of the students?  

So as we move students from a desktop computing environment to a more mobile, ubiquitous computing environment, we are now encountering new evaluation challenges.  Despite that fact that our field is educational computing, we share many of the same evaluation issues given the more ubiquitous nature of our new research project.  Our hope is that this workshop will provide an opportunity to share our evaluation methods and gain some insight into evaluation approaches in other ubiquitous computing projects.   
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