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Abstract:  This study investigated the influence of explicit inquiry-oriented learning with different instructional strategies (prompts, no prompts, and reflective self assessment) in assessing students’ understandings of optics. High-school students engaged in challenges using the “Legacy Cycle”, an explicit teaching scaffold using the “How People Learn” (HPL) framework. “Why do people wear eyeglasses”, a web-based computer instructional module, presented four authentic challenges in learning about optics and the principles of light. Classroom assessment of the first challenge tested the hypothesis that the HPL approach increases adaptive expertise in optics. Three treatment groups all used the explicit STAR-legacy framework. The first group had explicit prompts, the second group had the prompts removed from the program, and the third group used the program without prompts but completed a self reflective assessment exercise. Results of this pilot study indicated that challenge based instruction using the HPL model significantly increased knowledge and expertise in a community of learners. Results from the different treatment groups yielded no quantifiable differences but qualitative analysis of affective surveys was more instructive.

Introduction

     In 1999, the National Research Council (NRC) Committee on Developments in the Science of Learning commissioned a study to explore the critical issue of the science of learning. According to the National Science Education Standards (NSES) and National Research Council (NRC), one of the chief recommendations for teachers was that students must “arrive at the essential content and technology through inquiry” (NRC, 1996). According to the NSES, engaging students in this view of inquiry with the appropriate emphases may help students develop an understanding of scientific concepts and acquire the necessary skills to engage in scientific exploration.

     Following the 1999 NRC publication, a second NRC committee, the Committee of Learning Research and Educational Practices, was formed to take that work a step further and link research findings on the science of learning to actual classroom practices. Those results were published in 1999 and were followed with the book How People Learn: Brain, Mind, Experience and School (Bransford et al., 2000). How People Learn (HPL) is a synthesis of the findings, conclusions, and opinions of major researchers and educational theorists in the science of learning. 
How People Learn Instructional Model

     The HPL has four important components. Schools and classrooms in the HPL model must be first, learner-centered. The learner centered environment gives careful attention to the knowledge, skills, beliefs, and attitudes that learners bring to the educational setting. Secondly, schools and classrooms must be knowledge-centered in that attention is given to what is taught, why it is taught, and what competence or mastery of what comprises the subject matter. Thirdly, the HLP model requires schools and classrooms to be assessment-centered through the use of formative assessments that are accompanied by frequent feedback. Finally, HPL schools and classrooms should be community-centered, fostering the development of norms (e.g., mistakes are accepted as learning experiences) for the classroom and the school, as well as providing connections to the outside world in supporting the core learning values. Activities within HPL schools must be aligned with the goals and assessment practices of the community.

       Some of the implications of the HPL classroom are that this model helps students organize their knowledge around important ideas and concepts. It provides opportunities for student to “learn to see” a problem like an expert. Students are able to integrate their new knowledge with existing knowledge in a constructivist process. They are also given multiple contexts for learning and are able to explicitly address transfer of knowledge. Finally, students are able to monitor their learning and problem solving metacognitively (Bransford et al., 2000).

Using Principles of Research for Classroom Design, HPL and Instructional Scaffolding in Acquiring Expertise in the Classroom
        In the Fall of 2002, learning scientists and bioengineers at the University of Texas at Austin became involved in developing web-based educational modules as part of a much larger educational research consortium, the NSF-sponsored VaNTH  (Vanderbilt-Northwestern-Texas-Harvard-MIT) Engineering Research Center for Bioengineering Education (Harris et al., 2002). The objective of the consortium is to develop a new generation of teaching materials for novel approaches to the education of bioengineering students, significantly improving bioengineering education. Much of the research and educational activities developed through this consortium are based on the premise that the HPL framework can help provide the foundation needed for this improvement. A key component of the HPL framework is the development of adaptive expertise, where experts’ knowledge becomes more domain specific and becomes organized differently than novices. Novice representation of knowledge tends to be poorly defined, qualitatively different, or even nonexistent (Chi et al., 1981). 

     Research tells us that classroom environments that are effective for learning and that ultimately support the development of expert-like performance have certain criteria in their design. For example, according to Goldman & Petrosino (1999), instruction should be organized around meaningful and purposeful learning that has appropriate motivating goals. Instruction should contain scaffolding which may be cognitive, interactive or computer based in its contextual nature that helps students achieve meaningful and purposeful learning. Instructional practices that foster expertise should have multiple feedback, revision, and reflection opportunities. Finally, classrooms that foster the development of expertise should have instruction that promotes collaboration, distributed expertise, and entry into discourse as a community of learners, providing opportunities for making thinking visible, participating in feedback, and revising work. 
     STAR-Legacy is an instructional model that incorporates a software shell and delivers instructional materials consistent with the HPL framework (Schwartz et al., 1999). The Legacy cycle can provide the necessary scaffolding to actively construct new knowledge while using flexibly adaptive instructional design. Through the use of the HPL framework, teachers are able to adapt complex curricula by using an inquiry model that utilizes each of the learning environments within a Legacy cycle. Therefore, a major goal of VaNTH has been to incorporate challenge-based instructional approaches that utilize modern learning theory through the use of the Legacy cycle. One area of bioengineering that was chosen to use the STAR-Legacy cycle was optics.    
Development of “Why Do We Need Glasses” Optics Curriculum
     The focus of the Optics module development is to design a learning instrument that introduces middle and high school students to science, mathematics, and technology-based general concepts associated with bioengineering through relevant real world challenges. The Optics module integrates biological and physical science concepts associated with light, optics and the human eye by engaging students in a sequential learning instrument related to the applicable theme of “Why People Wear Eyeglasses.” Designed around the How People Learn (HPL) framework, the module is structured to support the integration of various types of learners and learning environments. 
     An extensive literature search was conducted in order to identify the most common misconceptions that involve optics and the properties of light. Misconceptions in this area are being taught in the classroom and are also contained in science and physics textbooks. Information related to optics and the properties of light was also obtained by using the Texas Assessment of Knowledge and Skills (TEKS) published by the Texas Education Agency. The TEKS contains all curricular content that must be included in science classrooms. The common misconceptions and required curricular content were used to identify major concepts contained in the learning modules. The module “Why Do We Need Glasses” is located at: http://www.ece.utexas.edu/bell/newLegacy/index.html
     In this paper, we describe the development, implementation, and assessment of a web-based instructional module related to optics. The challenge implemented was the first in a series of four, and is focused on information relating to the anatomy and physiology of the eye, the process of vision, and how several diseases and visual disorder affect vision and, in some cases, how they can be corrected. The module is appropriate for middle and high school students who are taking biology, life science, physics, and other related courses. 
     The development of the optics modules periodically involved evaluation by middle and high school science and math teachers and their feedback was instructive in further iterations. The units were also piloted small groups of middle and high school students and their feedback was also taken into consideration. An ongoing subject of deliberation that occurred during these demonstrations with both students and teachers related to how much explicit instruction should be included within the Legacy cycle. How many “hints,” prompts, and other scaffolds were necessary to encourage authentic learning?  Does the addition of explicit prompts add to or detract from the learning experience?  
Instructional Scaffolding: How Much is Necessary?
          The concept of scaffolding has become an issue in understanding the way in which teachers teach, peers guide, and software instructs today’s learner. Scaffolds are various types of instructional aids that are used to support learning in situations where students cannot proceed alone but can proceed when guidance is provided (Palinscar & Brown, 1984). Therefore, the scaffolding process helps a child or novice to solve a problem, carry out a task, or achieve a goal which would be beyond his unassisted efforts (Bliss et al., 1996). 
     Engaging students in authentic learning can be challenging as problems must be at the same time challenging yet not excessively so or students will become frustrated. Frustration levels that exceed students’ ability to stay engaged with the problem generally results in students becoming engaged in non-task and off-task behaviors. 
     While research reveals that novices solve problems differently than experts, that same body of research suggests that learners cannot simply be taught to use a set of rubrics that experts use and be successful. Instead, they must come to recognize how and why particular problem solving techniques are used. As novices gain experience with problems of a given nature, they develop means through which to solve the problem and may eventually develop a level of expertise. This process of development can be enhanced through the use of proper scaffolding. 
      Just as authentic learning environments can be created in a variety of ways, instructional prompts can be incorporated through a variety of mechanisms, including computer software. Scaffolds built within software may allow students to construct broader domain theories based on conclusions they can draw from their investigations. By focusing students on the important aspects of the domain, scaffolds can make students’ investigations more productive (Reiser et al., 2001).

     In the ThinkerTools Inquiry Curriculum (White, 1993; White & Frederiksen, 1998), the curriculum is designed to facilitate students’ learning about the process of scientific inquiry and modeling while at the same time learning about the physics of force and motion. The authors believe that student difficulty in physics is a result of not knowing how to construct conceptual models of scientific phenomena and also not knowing how to monitor and reflect on their progress. Thus, White and Frederickson (1998) hypothesize that by teaching students how to monitor and reflect on their inquiry processes while using the processes of scientific inquiry and modeling, middle school students can engage in inquiry and learn physics as well as older or higher achieving students. The authors created a Reflective Assessment exercise that students completed during implementation of the physics module. By reflecting on the instructional and scientific attributes for each activity and its role in the construction of scientific theories, students deepened their intellectual understanding of the nature of inquiry. White and Frederickson found evidence that developing an ability to reflect on one’s work had a positive impact on learning science as well as on learning how to do inquiry. In addition, they found evidence that when low-achieving students have the benefit of learning reflective assessment, their knowledge of the physics models developed in the curriculum begins to approach that of higher achieving students (White & Fredericksen, 1998). 
     Activity prompts that are embedded in computer software have been studied to see if they help students integrate knowledge, or merely encourage help students complete all pieces of a project. These prompts have been studied with reflective self-monitoring prompts and found that self-monitoring prompts, which encourage planning for and reflection on activities, helped students to demonstrate an integrated understanding of the relevant science while activity prompts, which guided the inquiry process, are less successful in prompting knowledge integration (Davis & Linn, 2000).
Methods
Module Content
     The “Why Do We Need Glasses” Legacy cycle has the overall goal of teaching students about optics, the properties of light, the process of vision and innovations in optics technology, particularly those in bioengineering. Specific learning objectives in Challenge One, “What happens to cause people to need glasses” include:  (1) to be able to explain how different parts of the eye help us to see; (2) to be able to explain how changes in curvature and shape of the eye cause people to need glasses; (3) to learn how eyeglasses and contacts work; (4) to find out if there is any relationship between a person’s age, gender, and whether or not they need contacts or eyeglasses. Successive modules present progressively more complex challenges as students experience increasingly deeper inquiry into subject area of optics and the properties of light.
     Challenge One requires that students learn about the anatomy of the eye and the ways that the visual process is affected with certain visual impairments and diseases of the eye. After entering the Legacy cycle, students, who are generally in groups of 4, are asked to “Look Ahead and Reflect Back.” The function of this section of the Legacy cycle is to provide an understanding of the learning goal(s), the context of the problem they face, and address the challenges that they have been presented. “Look Ahead and Reflect Back” provides a benchmark for self reflection and self-assessment (Schwartz et al., 1999). Students are presented with the challenge “What happens to cause people to need glasses?” and are asked to think about this in a larger context. After discussing this with group members and recording their thoughts, students proceed to “Generate Ideas.” In this section of the Legacy cycle, students generate ideas about issues and answers, making their thinking explicit. This helps students think about what they already know, share their ideas, and helps them to see what other students are thinking. This also helps the teacher to assess the current state of student knowledge and provides a baseline to easily see how much they can learn (Schwartz et al., 1999).

     In “Multiple Perspectives”, students see videos of different experts speaking about the anatomy and physiology of the eye, what constitutes near- and far-sightedness, and information regarding the visual process. Multiple Perspectives provides guidance on what students need to learn about, and gives realistic standards of levels of proficiency, or expertise. This portion of the legacy cycle indicates that there are multiple perspectives within the domain of knowledge (Schwartz et al., 1999).

     Students then proceed to “Research and Revise” where they are given the opportunity the opportunity to further explore the challenge by consulting resources and collaborating with other students. During this phase of the Legacy cycle, the teacher may elect to provide additional content instruction with “just-in-time” lectures to address students’ misconceptions or other content particulars that require additional instruction (Schwartz et al., 1999). In Challenge One, students read how curvature of the cornea, thickness of the lens, and length of the eye affect vision. They view information and an expert’s explanation about myopia. Finally, they are asked to research specific visual disorders including astigmatism, errors of refraction, and blindness. They are asked to become “experts” in each area and present the information to their group members, much like the “jigsaw” activities described by Brown (1992). After completing these activities, they are asked to review their original ideas in the “Generate Ideas” section and record ideas where change in conceptions may have occurred.
     Students proceed to the “Test Your Mettle” portion of the Legacy cycle when they are confident that they have become proficient in previously presented content knowledge. This portion of the Legacy cycle can have various assessment opportunities including multiple choice tests, essays, opportunities to test designs, etc. Feedback from peers and teacher suggests which resources to consult to reach their target level of understanding, and is motivational (Schwartz et al., 1999).
      In Challenge One, students are asked to collaboratively create and present a PowerPoint presentation that addresses several visual disorders and diseases including glaucoma, low vision, age related macular degeneration, diabetic eye disease, cataracts, and amblyopia. In “Go Public,” students present their PowerPoint presentations to the class. This process helps students to learn from each other and also motivates students to do well as the presentation provides a high stakes environment (Schwartz, 1999). Students also leave a Legacy for future students either in their on- or off-line folders. In this folder, students can leave information regarding their solutions and strategies in solving the problem. Teachers can leave legacies that help with future instruction including ideas, assessment instruments, pedagogical successes and ideas for improvement, etc.

Experimental Design
     Classroom implementation of this pilot study included three different adaptations of instruction to investigate different instructional prompts. The first group of students completed the “What happens to cause people to need glasses” Legacy challenge with explicit prompts. The prompts were activity prompts that helped students to think of ideas, suggested URL’s for research, questions to focus attention while watching videos, etc. The explicit prompts and their placement within the Legacy cycle can be seen in Table 1. These prompts were incorporated during development of the modules following recommendations by middle and high school science students and teachers. The second group of students completed the same Legacy challenge without the explicit prompts listed in Table1. The prompts were removed from the computer program, and students were instructed to proceed to this particular version of Challenge One. A third group of students completed the Legacy challenge computer program without explicit prompts but completed a Reflective Self-Assessment (RSA) exercise at the end of each section of the cycle. Developed by White and Fredericksen (1998), these criteria characterize good scientific research and include goal-oriented criteria such as “Understanding the Science” and “Understanding the Processes of Inquiry”, socially-oriented criteria such as “Communicating well” and “Teamwork, and process-oriented criteria such as “Being Systematic” and “Reasoning Carefully.” An example of the RSA completed by this group of students can be seen in Table 2. While students in this group were completing the RSA exercise, students in the prompted and unprompted treatment group completed an affective survey at the end of each section of the Legacy cycle. All other aspects of Challenge One remained the same. 
Data Collection and Analysis
     Classroom assessment of Challenge One was conducted using 11th grade Pre-A/P (Advanced Placement) students in a Texas Gulf Coast area high school. Two different teachers were involved in the study that took place in a computer lab where each student had their own computer. Students received no prior instruction before the study, and were described by teachers as “self-motivated.” Students were aware that they were part of a study, and received “participation points” for completing assessment instruments. Neither the students nor their teachers were aware of the specifics of the study. Teacher participation was the result of a desire to complete a project-based instruction unit. The researcher was introduced as a doctoral graduate student and had no significant role during the course of implementation and instruction.
     Unfortunately, the computer lab equipment was antiquated and students were not successful in downloading the videos for the Multiple Perspectives portion of the Legacy cycle.  At the request of their teachers, many students studied the videos on a home or other computer.  However, since those results were self reported, they were not included in this analysis.

      Students who had Teacher A had six days, 45 minute class periods each of instruction, and those  with Teacher B had five days of instruction. Students self-divided into two groups for each class session. Classes were divided into prompted instruction/no prompted instruction or RSA/unprompted instruction. Students did not indicate that they were aware of any differences between instructional groups. The role of the teacher during this type of instruction was one of a facilitator as students directed their own learning. Teachers completed a science teaching efficacy belief instrument (Riggs & Knochs, 1990) to ascertain if there were any significant departures in their teaching beliefs. A paired t test revealed no significant differences. 
     Students in the prompted and unprompted instruction groups completed an affective survey based on a five point scale (1=very much disagree, 3 = neutral, 5=very much agree) that had been piloted in a separate study. Students were directed to answer questions at the end of each part of the challenge and were also prompted to record written comments regarding things they liked about the unit, things they didn’t like, and suggestions for improvement. These questions and comments were later analyzed quantitatively and qualitatively.
Assessment Instrument 
     Prior to instruction, all students completed pretests. Pretest questions contained one or all of the following: (1) factual knowledge which measures a student’s ability to retain key facts and principles; (2) conceptual understanding which measures a student’s ability to understand the underlying principles of the instructional material; and (3) transfer defined as the ability to extend what has been learned in one particular context to new and different contexts (Bransford et al., 2000). These three facets of understanding were used to measure adaptive expertise and have been used in similar studies involving Biomechanics (Pandy et al., 2003).
     Question 1, which assessed factual knowledge, required the learner to list diseases and disorders of the eye, other than near- and far-sightedness, that affect vision. Question 2 assessed factual knowledge and conceptual understanding, and also included a transfer component as the learner was queried about the similarities and differences between the eye and a camera. Question 3 addressed factual knowledge and conceptual understanding, and included an aspect of transfer as the student was asked to explain if a person could be near- and far-sighted at the same time. All questions were the same on the pretest as on the posttest, however, the pretest contained 17 other questions that did not relate to Challenge One, making memorization of questions and answers on the pretest and posttest unlikely. Students that completed both the pretest and posttest were included in the study, making paired t tests possible.
     In assessing pretests and posttests for factual knowledge, conceptual understanding, and transfer, student’s responses needed to be assessed with an instrument that gave credit for more than “correct” or “incorrect.” Therefore, a scoring rubric was designed that gave students partial credit and also provided systematic methods for scoring partially correct responses (Table 3). Credit for being correct in factual knowledge was given if the students provided a correct response, and generally involved retrieval of information presented during Challenge One. The conceptual understanding rubric tests the learner’s comprehension of the core principles and interpretation of underlying concepts involved more than the retrieval of information. By providing logical explanations for their response, the learner is required to explicitly state what they understand. If the student provided scientific information to support their response, more credit was given. The transfer rubric assessed the learner’s ability to extend their knowledge to new contexts. Near transfer of skills and knowledge are applied in a highly similar way every time the skills and knowledge are used. Far transfer tasks involve skills and knowledge being applied in situations that change. With far transfer tasks, instructional designers need to design instruction where learners are trained to adapt guidelines to changing situations or environments (Ormrod, 1999 ).Question 2 assessed a near transfer inquiry task, while question 3 involved a far transfer query. Responses were identified as being either novice, proficient, or expert and were credited with the respective scores of 0, 1, and 2 (Pandy, Petrosino, Austin & Barr, in review).

     Assessment materials for the study were designed to investigate different instructional strategies implemented during the HPL approach, and also to test the general hypothesis that the HPL approach successfully supports the learner’s efforts to develop expertise in the content presented within the Legacy cycle. Using a version of the metric proposed by Pandy et al. (2003), student assessment included quantifying the development of expertise in optics as presented in Challenge One. Development of adaptive expertise was quantified by the following equation: Adaptive Expertise = w1F + w2C + w3T, F = Factual knowledge, C = Conceptual understanding, and T = Transfer, and w1, w2, and w3 are weighing factors (constants) selected to weight the different constants in terms of their relative importance as a component in the HPL approach. Transfer was weighted most heavily with its percentage accounting for 50% of the total, conceptual understanding was weighted for 40%, and factual knowledge for 10%. While the values given to weightings are somewhat arbitrary, they were selected to support key theoretical concepts in the HPL approach:  that the ability to solve novel problems (transfer) and the ability to grasp key concepts (conceptual understanding) are more important in the development of adaptive expertise than is the ability to recall facts (Pandy, Petrosino, Austin & Barr, in review). 

     Formulas remained the same for pretests and posttests.  Question 1 had factual elements, but no conceptual understanding or transfer components. Questions 2 and 3 each had elements of factual knowledge, conceptual understanding, and near and far transfer, respectively.

Statistical Methods
     Factual knowledge gains for Question 1 were measured using an unpaired t test for the three treatment groups that completed Challenge One. For Questions 2 and 3, gains in factual knowledge, conceptual understanding, transfer and adaptive expertise were also compared using an unpaired t test for all groups to determine if differences in mean gains between the three treatment groups was significant. 
     Expertise scores were compared using Analysis of Covariance (ANCOVA). ANCOVA is used to test the main and interaction effects of categorical variables on a continuous dependent variable, controlling for the effects of selected other continuous variables which covary with the dependent variable. The control variable is called the "covariate”. In this study ANCOVA analysis used the pretest score as a possible predictor of the posttest score (Cohen, 1969). ANCOVA was used as a statistical test to find any significant differences between treatment groups (prompted, unprompted, and RSA) or between teachers (students with Teacher A and students with Teacher B).
     For all statistical tests, Statview 5.0 (©1998 Abacus Concepts, Inc.) was used and a probability (p) value of 0.05 or less was accepted as significant. Summary statistics are presented as mean±1 standard deviation
.






Results
Statistical analysis of pretests and posttests
      Question 1 elicited only factual knowledge and a calculated metric score was not possible. Therefore, unpaired t tests were used to find pretest statistical differences between treatment groups and between teacher groups. These tests resulted in p-values of  >0.1 in all cases. As a result, any differences in posttest scores between the three groups can not be attributed to differences between groups. A paired t test revealed students had significant increases in factual knowledge with a p < 0.0001 for all three groups. An unpaired t test did not reveal significantly different scores in factual gains between groups. Results of statistical analysis for Questions 1, 2, and 3 are found in Tables  4, 5 and 6 respectively.
       Question 2 had three components of adaptive expertise, that is, factual knowledge, conceptual understanding, and transfer. An ANCOVA p-value of   0.9028  indicated a lack of statistical difference between treatment groups. However, a p-value of 0.0134 for differences between teachers’ groups indicated a significant difference. Therefore, the results for Question 2 are analyzed and reported as two separate samples. 

Teacher A

     Students with Teacher A had an ANCOVA p-value of   0.9633, indicating no statistical pretest difference between treatment groups. Posttest comparisons revealed that students who completed Question 2 with prompts (p = 0.0030), without prompts (p < 0.0001), and those in the RSA group (p = 0.0095) had a statistically significant increase in factual knowledge. For conceptual understanding, all students had significant increases with prompts (p = 0.0012, without prompts (p < 0.0001) and RSA (p = 0.0031). However, only the prompted (p = 0.08) and unprompted students (p = 0.0308) had significant transfer increases while the prompted and RSA students had increases, but those increases were not statistically different. The metric scores significantly increased for prompted (p = 0.0003), unprompted (p < 0.0001), and RSA students (p = 0.0207). Finally, there were not any statistically different gains in factual knowledge, conceptual understanding, or transfer between the three groups.
Teacher B
      Students with Teacher B had an ANCOVA p-value of 0.7902 indicating a lack of difference between treatment groups on the pretest. Students with Teacher B had significantly different posttest scores factual knowledge if they were prompted (p = 0.0086) or unprompted (p = 0.001), but not if they completed the RSA exercise. All groups had significant increases in conceptual understanding whether they were prompted (p = 0.0016), unprompted (p = 0.0002) or in the RSA group (p = 0.003). For students in with Teacher B, the metric score significantly increased for prompted students (p = 0.01), unprompted students (p = 0.0018) and RSA students (p = 0.01). Also, there were not any significant differences in gains between factual knowledge, conceptual understanding, or transfer between treatment groups.

      Question 3 also had factual knowledge, conceptual understanding, and transfer components. ANCOVA p-values of 0.4788 for differences between treatment groups and 0.7592 for differences between teachers indicated no pretest statistical differences. Students in prompted (p < 0.0001) and unprompted (p = 0.0001) groups had significant increases in factual knowledge and those in the RSA group also had statistically significant increases (p = 0.0007). Similarly, both prompted and unprompted students had significant increases in conceptual understanding (p < 0.0001) as did students in the RSA group (p = 0.0009). Students with significant increases in transfer were prompted (p = 0.02) or unprompted (p = 0.03), while RSA students remained the same. The expertise score increased for all three groups with prompted and unprompted students having a p-value of < 0.0001, and RSA with p = 0.0003. Again, an unpaired t test failed to reveal any differences in increases in factual knowledge, conceptual understanding, or transfer between groups. 
Analysis of affective questionnaires
    Results for each section of the Legacy cycle (Look Ahead, Generate Ideas, etc.) completed by students were separately totaled for comparative purposes and grouped by implementation method (with or without prompts) and teacher (A or B). Unpaired t tests comparing the students grouped by teachers revealed significant differences between the two groups (Teacher A and Teacher B) for every section of the Legacy cycle that was tested (Table 7). Students, in all sections, gave significantly higher scores (more satisfactory) in Teacher B’s classroom. However, when student results were analyzed with unpaired t tests for prompted/not prompted treatment groups, there were not significant differences. 
     In order to further investigate this finding, all comments hand written by the students at the end of each section of the Legacy cycle were coded with a “1” if they were positive, and a “2” if they were negative. These scores were studied using a chi-square analysis comparing positive and negative comments with teacher (A or B), and implementation method (prompted or not prompted). Teacher A had significantly more negative comments than Teacher B (X2 = 14.306, df = 1, p = 0.0002). There were no significant differences between implementation groups. 





Discussion
     The purpose of this study was to not only assess the HPL model in teaching about optics, but also to investigate how different explicit prompts and reflective self assessment contributed to student gains in expertise, that is, through measuring adaptive expertise. In addition, we were interested to know how students felt about the Legacy cycle as a method of instruction and whether the different prompts, or lack of them, affected their experience. Since the development of these modules incorporated feedback from 12 science students (8th –12th grade), and 10 different math and science teachers, we used this opportunity to pilot Challenge One with a larger student sample. 
     Data revealed that all students using the HPL model as represented by the STAR-Legacy cycle significantly increased factual knowledge, conceptual knowledge, and transfer. Question 1, which measured the ability to recall facts, had significant increases with all treatment groups. Question 2 was more complicated, and required more critical thinking than factual recall. In addition, Question 2 revealed differences between the “Gifted and Talented” (G/T) students and their cohorts. As indicated on Table 5, almost all students with Teacher A and Teacher B, regardless of treatment group, had significant results on factual knowledge and conceptual understanding for Question 2. However, only the Teacher A students – the G/T students – had significant differences in transfer. According to the rubric (Table 3), that is because more students in Teacher A’s classroom provided scientific evidence in their answers. Examples of this are:

“The retina uses rods & cones to create the image and depends on the brain to    

  create the image.  Camera uses chemicals to imprint the image on a semi-
  photosynthetic filmstrip.”
“The eye sees images through the lens and reflects them to the retina. The pupil 
  allows light in to focus the image better. A camera views images through a lens 
  and it goes to the negative. The flash allows the image to be seen more clearly.”


”Eyes and cameras use light to make an image and both use a lens yet the eye   

  does not have a fixed focal point like a camera nor does a camera automatically 

  focus (except some digital cameras).”
     Students in Teacher A’s classroom had significantly more negative comments than those in Teacher B’s class. Challenge One is the first Challenge in the “Why Do People Wear Glasses” Legacy cycle. Therefore, it is the least challenging of the four, and contains a lot of vocabulary and basic information regarding the eye and the process of vision. We felt this was necessary in order to understand the content in the succeeding Challenges. The majority of Teacher B’s students enjoyed the Challenge and commented:



“I liked working with my group. It really added to my understanding.”




“I liked the bullets showing the learning objectives.”




“I like the fact that it is self paced on the computer and could be accessed




from home.”




“I think the activity is great.”

    This was the case for middle school students who tested this challenge in a previous pilot study. It may that we need to find more creative ways to present this information for students that are accustomed to more creative instruction and are more advanced in this subject matter.

     Assessment data revealed that students had positive gains in adaptive expertise in all cases. Challenge based instruction combined with collaborative problem solving all contributed to the gains in adaptive expertise. This finding can be attributed to the HPL model and the Legacy cycle. Results for questions involving prompts and the reflective self assessment exercise were less obvious. One note is that in all cases, students in Teacher A’s class had highly significant differences when they were not prompted (Table 5). Comments indicated that they preferred to search for their own answers:




“I liked having to use my head to think of answers.”




“I like searching for my own information.”




“I liked that it gave me freedom to browse the internet freely in order




to reach my goal.”

 While Teacher B’s students commented that they liked the URL’s that were given, and when prompts were removed, some students felt “lost”:



 
“What are we looking for?”



“Hard to find directions.” 



“Hard to come up with ideas. Needs more direction on generating ideas.”

Implications for further study
     An item analysis of the current study’s affective survey may reveal more specific differences between treatment groups. Also, assessment of the students’ PowerPoint presentations using the methods for calculating adaptive expertise may reveal further results. Both analyses will be conducted in the near future.

      Suggestions for further study include testing Challenges 2, 3, and 4 and doing so with students of mixed ability. Perhaps in more diverse classrooms, prompts will become more necessary, especially if the challenge is more difficult. Secondly, we would like to do a comparative analysis of an HPL and traditional classroom and find where similarities and differences in the novice to expert trajectory occur. Finally, we realize the adaptive expertise formula and novice-proficiency rubric may require further iterations as they are attempts to measure a complicated construct. 
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TABLE 1: Examples of Explicit Prompts in “Why do we need glasses” Legacy Cycle.
	Assignment
	Explicit Prompt

	Generate Ideas
	Students given key words with which to generate ideas

	Record important points while viewing "multiple perspectives"
	Students given specific questions to answer regarding experts information.

	Record thoughts in journal
	Students given "journal rubric" to model their writing.

	Record data
	Students given example of data set

	Research topic using World Wide Web
	Student's given specific URL's with directions on where to direct attention

	Compare photographs, paintings, etc.
	Students given explicit questions regarding features of each and what they should look for.


Examples of explicit instructional prompts in “Why do people wear glasses” Legacy Challenge. Challenge can be accessed at www.ece.utexas.edu/bell/newLegacy 

TABLE 2: Example Reflective Self Assessment Exercise (White & Fredericksen, 1998)

Challenge One:  What Happens to Cause People to Need Glasses?

LOOK AHEAD AND REFLECT BACK

Now you will evaluate the work you just did.

Making Connections. Students see the big picture and have a clear overview of their work, its purposes, and how it relates to other ideas or situations. They relate new information, ideas, and experimental results to what they already know. 
Circle the score that you think your work deserves:

1


2


3


4

  5

not adequate



     adequate



     exceptional

Explain how your conversation regarding science and why people need glasses justifies the score you have given yourself. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Teamwork. Students work together as a team to make progress. Students respect each other’s contributions and support each others learning. Students divide their work fairly and make sure that everyone has an important part.
Circle the score that you think your work deserves:

1


2


3


4

  5

not adequate



     adequate



     exceptional

Explain how your teamwork justifies your score. __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

TABLE 3: Rubric Used for Assessing Adaptive Expertise 
      Novice (0)


              Proficient (1)


           Expert (2)
Question 1:  What are some diseases and disorders, besides near- and far-sightedness, that
                      affect vision?






Factual knowledge
  Answers are wrong                       Provides correct answer.
   
      Provides 4 or more   

        or missing.






         correct answers.

Answers may include amblyopia, low vision, astigmatism, glaucoma, diabetic retinopathy, cataracts, detached retina, age related macular degeneration.
Question 2: What are some similarities and differences between the eye and the camera?  

                     Explain.






Factual  knowledge
  Answers are wrong                           Provides correct answer.
     Provides 3 or more correct  

        or missing.






          answers (examples).





          Conceptual Understanding
 No examples given that are 

Provides logical explanation               Provides logical

    accurate or scientific in 
             for at least 1 answer.
                         explanation for 2

          in nature.



                                                  or more answers.

 




       Transfer

No scientific explanation or 

Provides valid scientific                Provides valid scientific 

  information given.

            evidence for at least 1                    evidence for more than 






   answer.                                                 1 answer.

Answers may include both have lenses, record visual information, require light; differences temporary record vs. permanent, focus adjusted differently, etc.
Question 3:  Can a person be near- and far-sighted at the same time?






Factual knowledge

Answers are wrong or missing.   Answer is correct with logical          Answer is correct 





         explanation of how                  with scientific evidence

 




the eye works.                        of how the eye works.

Answers may include having one eye near- the other far-sighted, length of eye, focal point, lens changing shape, aging of lens, bifocal lens.








      Conceptual Understanding

Answers are wrong or missing.   Answer is correct with logical        Answer is correct with





     evidence of what constitutes        scientific evidence of what





        near- far- sightedness.          constitutes near-far sightedness.

Answers may include description of focal point, description of length of eye, description of lens shape (convex or concave), description of aging lenses, , description of how bifocals work.





        Transfer

No indication of understanding     Provides argument or 
         Provides an argument or 





   explanation describing process     explanation using valid 





    of vision in logical manner.           scientific evidence.



(Adapted from Pandy, Petrosino, Austin & Barr, in review.)
TABLE 4:  

Results obtained for Question 1:  

What are some visual disorders and diseases, besides near- and far-sightedness that affect vision?





            Pretest scores (µ±ó)

Group



n             Factual Component_________________________________________             

With prompts


37
0.65 ±0.48
W/O prompts


53
0.62± 0.53
Reflective Self Assessment (RSA)
20
0.55 ± 0.51________________________________________________




           Posttest Scores  (µ±ó)   

                         _________________________________________________________________________________
Group

          

n
Factual Component


With prompts


37
1.32 ± 0.53* (<0.001)
W/O prompts


53
1.32 ± 0.55* (<0.0001)


Reflective Self Assessment (RSA)
20
1.5   ± 0.51* (<0.0001)_______________________________________
* Indicates a significant increase from the pretest with (p value)

TABLE 5:

Results obtained from Question 2: 

What are some similarities between the eye and a camera?  Explain.
Teacher A





Pretest scores (µ±ó)

Group
 n            Factual Knowledge       Conceptual Understanding    Transfer

        Expertise











      metric score_       

With Prompts  
17          0.53 ± 0.51

0.12 ± 0.33

0.0 ± 0.0

       0.10 ± 0.16
W/O Prompts  
25
0.4 ± 0.51

0.4 ± 0.2


0.0 ± 0.0

       0.06 ± 0.10
RSA                
10
0.3  ± 0.48

0.1 ± 0.31

0.0 ± 0.0

       0.07  ± 0.16



             Posttest Scores  (µ±ó)      
_____________________________________________________________________________________________    

Group
              Factual Knowledge        Conceptual Understanding
    Transfer                              Expertise











                metric score___
With Prompts
1.0 ± 0.55* (0.003)
0.7 ± 0.58* (0.001)
0.18 ± 0.39*(0.08)       0.47± 0.37*(0.0003)
W/O Prompts       1.2 ± 0.5* (<0.0001)
0.88 ± 0.66*(<0.0001)
0.24 ± 0.52* (0.03)      0.59± 0.48*(<0.0001)

RSA

1.0 ± 0.47* (0.0095)           0.9 ± 0.57*(0.003)             0.1 ± 0.32
        0.51± 0.32*(0.02)

Teacher B





Pretest scores (µ±ó)

Group
n             Factual Knowledge       Conceptual Understanding      Transfer
       Expertise











                    metric score_

With Prompts
20
0.5   ± 0.68

0.1 ± 0.3
1

0.05 ± 0.22                   0.11 ± 0.27


W/O Prompts
28
0.68 ± 0.55

0.25 ± 0.44

0.03 ± 0.19
         0.19 ± 0.25


RSA

10
0.4   ± 0.69

0.1± 0.32                            0.0   ± 0.0                     0.08 ± 0.19





Posttest Scores (µ±ó)
Group

Factual Knowledge
Conceptual Understanding         Transfer                            Expertise











                     metric score_
With Prompts
0.95 ± 0.22* (0.0086)
0.6 ± 0.5 * (0.0016)
       0.1 ± 0.3
        0.38 ± 0.29*(0.01)

W/O Prompts
1.07 ± 0.26* (0.001)
0.71 ± 0.53* (0.0002)
       0.11 ± 0.31           0.45 ± 0.33*(0.0018)

RSA

0.8 ± 0.4
2

0.9 ± 0.56* (0.003)
       0.1 ± 0.32             0.49 ± 0.38*(0.01)__
* Indicates a significant increase from the pretest with (p value)

TABLE 6:

Results from Question 3:

 Can a person be near-sighted and far-sighted at the same time?  Why or why not?  Explain.





Pretest scores (µ±ó)

Group
n            Factual Knowledge       Conceptual Understanding    Transfer                       Expertise











      metric score_       

With Prompts 
37   
0.32 ± 0.47

0.08 ± 0.36

0.0 ± 0.0

       0.06 ± 0.17
W/O Prompts 
53
0.30 ± 0.46

0.07 ± 0.33

0.0 ± 0.0

       0.06 ± 0.15
RSA

20
0.30 ± 0.47

0.1 ± 0.31

0.05± 0.22
       0.09 ± 0.24_




Posttest Scores (µ±ó)      
_____________________________________________________________________________________________    

Group
              Factual Knowledge            Conceptual Understanding       Transfer
              Expertise











                metric score___
With Prompts
0.83 ± 0.37* (<0.0001)
0.49 ± 0.51* (<0.0001)
0.13 ± 0.35*(0.02)     0.34 ± 0.33*(<0.0001)
W/O Prompts     0.83 ± 0.61* (0.0001)
0.53 ± 0.64*(<0.0001)
0.15 ± 0.5*(0.03)
       0.37± 0.49*(<0.0001)

RSA

0.8 ± 0.36* (0.0007)           0.55 ± 0.51 * (0.0009)       0.05 ± 0.22
       0.33 ± 0.27* (0.0003)

* Indicates a significant increase from the pretest with (p value)

TABLE 7:

Implementation Affective Measurements

Teacher A:  Totals (µ±ó) (n)
Group               Look Ahead     Generate Ideas      Research/
     Test Mettle       Go Public            Total Points
(Possible Points)     (25)

(30)
         Revise (40)
         (40)
   (55)                        (190)

________________________ _____________________________________________________________________













With Prompts   17.3 ± 3.4 (20)    20.6± 3.9 (20)    28.6 ± 5.3 (20)    26.8 ± 6.0 (19)   34.4 ± 8.3(19)   130.2±25.0 

W/O Prompts     17.4 ± 3.3(31)    20.4 ± 3.6 (31)   29.3 ± 5.0 (32)     28.8 ± 5.8 (32)   37.7 ± 7.3(30)   132.1±20.5 

Teacher B:  Totals (µ±ó) (n)
Group               Look Ahead     Generate Ideas      Research/
     Test Mettle       Go Public            Total







Revise



                Points

________________________ _____________________________________________________________________













With Prompts    18.5 ± 2.4 (20)    23.0± 2.4 (20)    32.1 ± 3.7 (20)    30.6 ± 4.1 (20)   40.0 ±5.5 (18)   145.0±15.4 

W/O Prompts     19.4 ± 2.6(29)    22.5 ± 2.9 (29)   30.9 ±4.3 (29)      32.3 ± 3.7 (29)   40.2 ± 5.1(27)   150.0±14.0 

* Comparative tests within groups yielded no significant differences.
Results: Unpaired t test Teacher A vs. Teacher B   

_____________________________________________________________________________________________

Group               Look Ahead     Generate Ideas      Research/
     Test Mettle       Go Public            Total







Revise



                Points

________________________ _____________________________________________________________________













With Prompts         N/S    

p = 0.02

p = 0.02

p = 0.02
       N/S

  p = 0.04

W/O Prompts          p = 0.01
p = 0.01

N/S

p =.0006
       N/S

  p = 0.005

