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CREATING A NEW BREED OF MATH LEARNERGIZERS WITH
FREE ONLINE COLLEGE READINESS TOOLS AT RUReady.net
N. Livne, O. Livne, C. Wight, University of Utah

Presentation Abstract
Deficient college readiness in mathematics is a nationwide problem that demands multiple solutions. Here we present an innovative Web site that helps students refresh their math content knowledge and cultivate creative thinking skills through individualized learning and self-assessment. Working with K-16, we will keep online math instruction going and going…
Presentation Outline

1. Statement of the problem or issue: 

Lack of college readiness in math is a nationwide problem among students. In the United States, the systems of public secondary education and public higher education developed independently of each other, resulting in a lack of coherence in mathematics content and assessment standards between K-12 and higher education (Grua, 2005). In particular, K-12 schools have focused more on the back-to-basics climate of No Child Left Behind, rather than encouraging students to think creatively, outside-the-box to meet the 21st century challenges (CNN, 2006). As a consequence, a persistently high proportion of America’s high school and pre-college students do not have the thinking skills to qualify or succeed in entry-level college math (Academic College Testing Project, 2005; Grua, 2005; Kirst & Venezia, 2004). For example, only 40% of the 1.2 million K-12 graduates nationwide had scores indicating that they were ready to earn a "C" or higher in their first college Algebra course. Seventy-five percent of new students enrolling in two-year colleges must take one or more developmental mathematics courses, and approximately half of them do not pass each course they attempt (Adelman, 2004). Early indications also show that over half of all students who graduated from high school in 2006 are not prepared for college mathematics (Academic College Testing Project, 2006). 
2. Description of activity, project, or solution: 



Several programs have been offering college-level courses to high school students. For example, the Advanced Placement program developed by CollegeBoard offers courses designed to develop mastery of content knowledge, but based on strict prerequisites that exclude many students (Conley, 2005). ACT college placement tests and the A+dvancerTM offer tools that are designed to diagnose math skills, rather than focus on remediation of weaknesses of the individual student (American Education Corporation, 2004; Billingsley, 2005). Moreover, they consist of multiple-choice questions that are scored on a dichotomous scale (correct/incorrect), not allowing other correct options that are not included in the questions (Bowen, 1998; National Assessment Governing Board, 2004). Because these programs only include standard questions, they lead the student to focus on a specific solution based on low-level thinking and memorization, which is not enough for college (Pehkonen, 1997; Silver, 1997). We have set our goals at four core problems that remain to be solved:
1. Address weaknesses of the individual student and his/her pace of learning.

2. Improve college readiness and increase the accuracy of students’ math solutions by identifying and eliminating different types of errors.
3. Increase the measurement precision of students’ math skills through automatic scoring of constructed responses on a continuous scale, to avoid the somewhat coarse measurement based on a dichotomous scale (multiple-choice).

4. Develop higher-level thinking, leading to creativity and discovery that are required for college success.  


To address these problems, experts in educational psychology, mathematics and natural languages at the University of Utah created an interactive Web site, http://ruready.net that goes far beyond the traditional multiple choice testing methods. The site provides pre-college students with free, unlimited access to individualized assessment and self-paced learning tools in mathematics to get ready for introductory college-level math courses (Calculus, Intermediate Algebra). Students are guided to take self-assessment tests and get immediate feedback on their performance. Accordingly, the software generates four gradual self-paced (Pintrich, 1999; Zimmerman, 2002) adaptive learning sessions that speed up remediation of weaknesses for each individual student. This implies that for each learning level, the student is more likely to be trained on his/her currently weaker topics than on currently strong topics (addressing problem 1). To avoid getting stuck, students are also provided with progressive hints, much as they might receive during individual tutoring sessions. To ensure that the adaptive process generates skill improvement rather than skill diagnosis only, students get eight-question batches of four difficulty levels, each should be mastered before moving to the next level. The gradual nature of the difficulty levels was validated by six math experts, based on a high degree of agreement among them with respect to the level of question difficulty (Kendall’s coefficients of concordance were: W=.83 and W=.78, ps=.0001, for Calculus and Intermediate Algebra, respectively).
During the learning sessions, open-ended math questions are presented to the students, encouraging them to provide free-text math expression responses, resulting in a detailed continuous feedback. Learning from error performance was found helpful to eliminate conceptual misunderstandings and increase solution accuracy (Babbitt, 1990; Ohlsson, 1996; Sleight, 2003). We used this framework to develop software that invokes a parser, which analyses students’ responses automatically (Metsker, 2001; Wikipedia 2006). In addition to standard expression matching, determining whether the student’s response is mathematically legal, the parser is capable of comparing a reference string provided by instructors with student’s response, evaluating whether they are mathematically equivalent expressions, and classifying student’s response elements as correct, wrong, unrecognized, missing, or redundant. Students are provided with highlight for each of the correct versus incorrect, missing, unrecognized, or redundant elements in their responses, to gradually eliminate errors and enhance their ability to find the correct answer (Melis, 2004; Novick, 2001), with no tutor intervention (addressing problem 2). The parsing algorithm is relatively simple and does not rely on complicated symbolic algebra software; yet, it is powerful and accurate by relying on syntax tree pattern matching (Livne, Livne, & Wight, 2006). The advanced math expression parser, now available in a prototype form, is U.S. patent pending (Livne, Livne, & Wight, 2007b).
Based on the RUReady parser analysis, the software generates automatic scoring on a continuous scale (National Assessment Governing Board, 2004) that provides partial credit for the correct relative to the erroneous parts in the student’s solution (addressing problem 3). Using our parser ability to analyze student’s response elements, the site also generates automatic continuous scoring for multiple-choice options, thereby avoiding their coarse correct/incorrect scoring. This might provide a useful tool for educators to create multiple-choice options that require a deep math understanding rather than memorization of content knowledge only. The parser scoring model was validated against human teacher scoring of 207 real-world student responses in college pre-Calculus. The results indicated that of two components of the parser scoring model, the fraction of correct relative to the erroneous elements was the better predictor, explaining 77.3% of the human scoring variance. The overall correctness component contributed an additional 5.8%. With optimal weighting of the two scoring components, the parser scoring model explained an impressive 82.5% of the human scoring variance, which is equivalent to a human-parser score correlation of r = .910, p < .0001. 


Another innovative feature of the RUReady site is the ability to measure creativity in math. In addition to academic questions that require one standard (brute-force) solution, the site database also includes creative math questions that require at least two distinct (standard and elegant) solutions (Livne & Milgram, 2006). Through parsing errors of creative solutions, the software stimulates both standard and creative learners to develop college-required, out-of-the-box thinking based on their learning curve (Ritter & Schooler, 2002), thereby, improving their chances for college success (addressing problem 4).  
3. Outcome: 

The RUReady program is in its infancy; the Website was officially launched on August 23, 2006 and is in the process of validation, based on 2300+ users nationwide that have already created RUReady accounts. Notwithstanding, preliminary research findings indicate that students (N=108) at two Utah high schools that underwent the site individualized self-paced learning, improved their performance scores from an initial 40% to 80% after 5-7 practice sessions only. Our findings indicated that student improvement does not depend on socio-economic status and gender, leveling the playing field for low achievers, underserved, and minority populations. However, creative learners were found to have different learning characteristics from standard learners, could improve their learning rate in mathematics more than their counterparts, therefore  benefiting more from tailoring individualized instruction to their thinking patterns. The site tools still await validation of predicting student success in specific college-level math courses that are planned for future studies.
4. Importance or relevance to other institutions: 

College readiness concerns every higher educational institution. Furthermore, outreach programs play an increasingly important role in this arena, benefiting from an advanced online prototype for practically addressing talent loss in math and other domains. Such tools may assist individual students to develop their own problem-solving strategies as well as fostering creative thinking skills, indicating the possibility of reducing talent loss through technology-enhanced individualized instructions (Livne, Livne, &Wight, 2007a). 

We have found it crucial to form partnerships with both high school and higher education institutions, and believe that institutions should be encouraged to enter such partnerships to bridge the academic gap in math and science. In this collaboration, the institutions provide a framework to obtain real-world student data on the site and their corresponding performance in actual college courses. In return, the RUReady program provides means of supplementing classroom instruction. In addition to free student preparation, teachers at these institutions can use the accumulated data to learn about their students’ strengths, weaknesses and rate of progress, thereafter updating their instruction strategies accordingly. 
5. Suggested Audience:
School and higher education faculty focusing on math education as well as school and university administrators and advisors concerned with students’ college readiness.
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