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Abstract - We are working with the hypothesis that active learning is more productive when heterogeneous groups of VLSI hardware students, with different learning styles, interact with each other. The proposal explores instruments to judge the dominant sensory modes of hardware/VLSI engineering students, along with their affinity for logical modules and the underlying physics of semiconductor.  Since VLSI course content involves learning from tool manuals, solving problems, and also listening to class lectures, we test for visual, auditory and kinesthetic learning mode. Preliminary result indicates that the heterogeneous groups based on dominant sensory mode yielded 19% better performance than random grouping.  Future focus will be on (a) exploring different instruments, (b) evaluating their success in classifying the dominant learning mode and (c) investigating the role of women in the co-operative learning scenario.
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INTRODUCTION

This work is an on-going attempt to evaluate the success of dominant sensory mode on cooperative active learning for teaching VLSI courses to Computer Engineering students.      Cooperative  learning [1,2,3] is one of the most effective form of active learning, where students  learn by discussing and participating in a group by directly engaging rather than passively depending on the instructor. In this work, we are exploring that role of students’ dominant sensory mode [4] on the co-operation and learning of a VLSI student.  

We are currently using a standard instrument to judge sensory mode [5], but augmented to measure their interest in digital design and physics of semiconductor.  Preliminary results  show that heterogeneous sensory mode works better than the grouping scheme based on prior familiarity. 

We intend to continue our work in the three following directions: (1) to explore effective instruments (one that is based on [5] and a VLSI-centric one that we plan to develop) to judge the sensory mode for VLSI students (2) to evaluate various grouping strategies in cooperation, such as heterogeneous vs. homogeneous, on learning and (3) to evaluate grouping schemes for minority students like women additionally with the sensory mode.  

OVERALL APPROACH

Hypothesis: Active learning based on dominant sensory mode of a student, enhances understanding in VLSI education. Additionally, active learning scenarios need to be gender sensitive.
In a VLSI design course, we can appeal to three sensory modes for learning: the visual, auditory and kinesthetic modes [4]. We plan to develop a VLSI-centric dominant sensory mode analyzer in the coming semesters. For this new instrument, towards the beginning of the course, three topics are to be selected for activating the three modes. One would be more graphically oriented. The second would be lecture-oriented. And, the final one would be a simple CAD assignment. Based on the performance of each student on these lectures, we would determine individual student’s dominant sensory mode.  The subgroups would meet before and after assignments, tests, quizzes and project submissions to discuss relevant issues covered in the class or required for the assignments. Performance enhanced has to be judged by statistical analysis over 6 to 8 semesters so as to filter assessment noise and sampling variations. 
Women tend to participate less in active learning discussion sessions. The level of confidence affects their interest in discussion [6]. “Women also find it difficult to have their opinion and input heard” [7]. In this study, we would try to evaluate the improvement in women participation not only by paying attention to their sensory mode, but also by experimenting with teams with different gender compositions.

Analysis: The subgroups can be studied thoroughly: What kind of sub-groups generates better participation and understanding of subject material? Would the groups consist of students with similar modes? Or would students of diverse modality in a group facilitate learning? What is the best ratio of men and women, that is conducive for women to participate more in a group? 

Evaluation: We would interact closely on the set-up and evaluation with Center for Research Evaluation And Measurement (CREAM), at University of South Florida. Evaluation would  be performed using questioning strategy proposed in [8,9] spanning knowledge, comprehension, application, analysis, synthesis and evaluation oriented questions will be used in the quizzes and tests. Assessment of success would be made based on (i) pre and post assignment quiz, (ii) student portfolio, consisting of assignments, quizzes, learning diary, and experience statements, and (iii) post assignment discussions. 
PRELIMINARY  APPROACH AND RESULTS

We have already explored an established instrument for judging dominant learning style [5]. This instrument is based on questionnaires on individual preference in the dominant learning mode, visual, auditory and kinesthetic. A few example questions are:   “Do I learn to spell better by repeating words out loud than by writing the words on paper?” (auditory) or “Am I good at working and solving jigsaw puzzles and mazes?” (visual) or “Can I remember best by writing things down several times?” (kinesthetic). On each questions, students were asked to answer by three qualitative choices: “often”, “sometimes” and “seldom”. The scoring schemes [5] categorize questions into three sensory modes and we scored   “often” as 5 points, “sometimes” as 3 points and “seldom” as 1 point. We then tabulated the scores for all the questions that are grouped into one particular sensory mode to judge the student’s own perception of his/her learning modes. We sorted the scores of the student in three learning mode and choose mode that gathered the highest point as dominant sensory mode. 

We also augmented the questionnaire by asking the students to assess their own affinity towards logic design and device semiconductor physics.  We also scored based on similar qualitative choices (“Very interest”, “somewhat interested” and “not interested”).  The scores of 5, 3 and 1 points were assigned to the above choices respectively.

We used the above instrument successfully in heterogeneous grouping, both based on dominant learning mode and students’ affinity for logical module versus physical understanding of devices. Our primary effort was to have as diverse group as possible with respect to dominant sensory modes and also to ensure that each group has students that are good in both logical design and semiconductor physics. The subgroups actively discussed relevant topics and issues before and after assignments, tests, quizzes and project submissions. In an earlier semester, we offered the same course, but the grouping schemes were based on students’ choice of partners based on prior familiarity.

Preliminary study shows that this grouping scheme resulted in 

· almost 19 % better performance than students finding their own partners based for prior familiarity. The performance improvements were based on  final project scores. The standard deviation of the scores remained virtually the same for both classes, with 8.2% reduction in variability (σ/μ), where μ and σ are the mean and standard deviation of scores.

· female students in the class (30 % of the class) showed dominant auditory skills over men: the scores were higher in auditory questions over visual and kinesthetic. Based on the scoring scheme,  the visual learning mode was better for men than women.

Based on preliminary results, we feel that the instruments as well as course module for heterogeneous active-learning groups, would promote VLSI learning significantly. Our ongoing effort is on evaluating the learning inventory that we used [5] versus a new instrument that is specifically targeted towards VLSI students involving the selection of three types of course materials -- (1) graphically oriented, (2) lecture-oriented and (3) hands-on CAD assignments -- each activating the three main learning modes, visual auditory, and tactile, respectively. The current instrument relies on students’ own perception about their learning mode. One interesting point to evaluate would be to judge the correlation of self-perception of one’s own dominant learning modes with that captured by the instrument that we would develop. 

DELIVERABLES

Deliverables from this study would consist of (i) course materials for identifying the sensory modality, (ii) quizzes and hand-outs to judge sensory mode, (iii) statistical analysis of the above quizzes over three/four years, (iv) assignments, quizzes and tests in general for the entire course, and (v) discussion logs. The deliverables will be relevant for undergraduate and graduate students and instructors in digital design courses like CMOS/VLSI, Logic, Architecture and Advanced Digital System.
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