MATH-SEI Report January-June 2010

In January, we committed to completing a 4 year timeline with deliverables. This report contains a summary of the progress we have made from January-June 2010, plus an outline of the key initiatives we intend to implement next.

The sections below correspond to the sections of the revised proposal.

Section A – First year calculus content revision

Planned course development for 2010

MATH 110: Review course learning goals and exams, homework, workshops, for consistency. Observe workshops, review workshop management structure and pedagogy approach. Design in-class activities to address common misconceptions, using data from the Basic Skills Test.

MATH 104/184: Projects in several key areas of this multi-section course (12-14 instructors) for about 1300 students in Calculus for the Social Sciences.

Course co-ordination: 

Clear learning goals and expectations for the course instructors, communicated by weekly learning guides and frequent meetings and feedback opportunities.  Tracking of instructor attitudes (compare 2009 and 2010) and support of junior instructors.

Development of common course materials:

Incoming student diagnostic (algebra and quantitative skills), online homework, Clicker questions, pre-reading strategies, in-class activities for use by other instructors.

Classroom methods comparison: 

Two sections taught by same instructor with more comprehensive use of Clicker activities in one section, and use of invention/discovery-based activities in another; assess using in-class engagement protocol and performance measures.  

Section B – Balance of online homework and workshops, classroom technology

MATH 102/103: 

Assessment and outcomes: Developed biweekly online surveys to measure student satisfaction with the computer labs. Student feedback identified specific topics and questions that need to be revised next year.

MATH 180/184 Calculus Workshops:

Development: Assessments in 2008 revealed student dissatisfaction from insufficient knowledge; lack of relation to lecture material; lack of focus during workshop time. Many of these issues were resolved in 2009 by frequent meetings for instructors and TAs; introduction of graded workshop quizzes; workshop problems produced sufficiently in advance to allow instructors and TA feedback.

Additionally, clear and detailed learning goals were developed for each workshop. A list of basic skills required for working through the selected problems was added to each workshop problem set; problems were set in an applicable context and were broken down in subparts to help students develop problem-solving strategies.

Assessment and outcomes: STLF and Head TAs observed workshop activities repeatedly during the term. Student surveys were administered at mid- and end-of-term. A comparison with survey results from 2008 indicated vast improvement in students’ attitude toward the workshops. Individual quizzes were given at the end of most workshops. A statistical analysis showed good positive correlation between student performance in the workshops and their final course grades.  
Planned course development for 2010

MATH 102/3: Revise computer labs according to feedback and administer further surveys to assess revisions.

MATH 104/184: Expand the online homework trial from 2009 to all sections of the course and expand the range of questions online; use Clickers more comprehensively and develop database of Clicker questions.

MATH 180/184 Calculus Workshops: Make all the changes introduced last year part of a sustainable model for problem-solving workshops in large courses. Collect data on student performance on the course final exam to measure effectiveness of problem-solving workshops. Develop similar workshop programs in other first-year courses e.g. MATH 110, a 6-credit course in Differential Calculus.

Section C – Tracking and improving key skills through the curriculum

MATH 220, Mathematical proof:

Development: No development has taken place yet.


Assessment and outcomes:  

Student interviews: Student surveys and interviews were conducted to identify topics to target for new materials development and also to identify courses in which MATH 220 skills are used.  

Results: (1) Students report the most difficulty with the sequences and series topics (2) in subsequent courses students find the proof skills topics the most useful and (3) in addition to our identified “proof-heavy” courses, students frequently cited this course as helpful for MATH 300 and so instructors of MATH 300 will also be interviewed for input.  


Instructor interviews: Past MATH 220 instructors were interviewed to determine common student difficulties.  

Results: In addition to specific course content difficulties, two major areas of difficulty were identified: (1) communication: students have difficulty translating their thoughts to readable written mathematical statements and (2) beliefs: pre-existing ideas of mathematics as exclusively computational greatly hinder the students' learning of abstract mathematical concepts. 

Retention and transfer of skills analysis: The correlation between performance in MATH 220 and subsequent 300-level courses was examined based on past 4 years of student data.  

Results: (1) Several “proof” courses (MATH 308, MATH 312, MATH 320 and MATH 342) show a surprisingly weak correlation, requiring further investigation.  (2) one course, MATH 322 shows a very strong correlation. Consequently, plan to study this course for retention and transfer of proof skills.

Planned course development for 2010

MATH 220, Mathematical proof: Projects implemented to efficiently detect issues in the development, transfer and retention of proof skills, then use this data to resolve these issues.

Create learning goals:
Develop course and topic-level learning goals, based on existing course materials and interviews of instructors and students in MATH 220 and relevant subsequent 300-level courses.

Observe novice and expert approaches to problem solving:

Conduct “think-aloud” sessions with students to identify student difficulties and characterize students' problem-solving approaches to proofs.  Also conduct similar sessions with “experts” e.g. graduate students, postdocs or faculty, to compare approaches and identify desirable proof skills.

Diagnostic testing: 

Develop and validate a diagnostic test for proof skills to be administered as a pre/post-test, based on a literature survey of research on mathematical proof and desired skills identified from faculty interviews and think-aloud sessions.

Development of course material:

Develop a series of in-class activities to build desired proof skills, based on the learning goals and common difficulties identified through the diagnostic test and student think-aloud sessions.

MATH 322/342: (possibly also other 300-level courses incorporating substantial use of proof) 

Retention analysis: 

Track the retention of basic proof skills after MATH 220 by administering the proof skills diagnostic test.  

Transfer analysis: 

Track the transfer of proof skills from MATH 220 to these other content domains by in addition coding student errors on final exam questions in MATH 3XX and comparing these with errors on the MATH 220 exams and the proof skills diagnostic test.

Stream analysis: 

Compare the proof skills between the honours and non-honours streams, using the diagnostic test results (honours students are not required to take MATH 220).  

Section D – Incorporating computational skills

MATH 152 Matlab Computer Labs:

Development: Matlab labs were rewritten for Jan-Apr 2009 and used again with minimal changes.  More and new Matlab questions were on tests as well as extra paper-based Matlab homework questions to augment between lab weeks.


Assessment and outcomes: Pre/post-test of Matlab skills and surveys on e.g., prior programming experience.  Homework and exam (midterm and final) questions developed and administered, and student performance sampled for comparison with lab performance and pre/post-test.  Lab observations to study completion rates and TA interaction.  Changes have been successful in development of early Matlab ability.

MATH 253 Matlab Computer Labs:

Development: Weekly computer labs and learning goals rewritten; weekly student survey for feedback during the term.


Assessment and outcomes: Computer lab observation in collaboration with the lab TA.  Student surveys during and at end of terms examining attitudes and completion rates.  Findings indicate the value of a more detailed diagnostic test to be administered and that the lab activities may not fit the allotted lab time, leading to labs on different days demonstrating different completion rates and coping strategies.

MATH 307: 

Development: Learning goals and online resources for the computer labs were developed. Computer labs were rewritten to align with course content and lecture material. Homework assignments involving the use of the software were developed.

Assessment and outcomes: Student attitude surveys were administered. Responses were uniformly positive. Questions on computational skills and basic programming introduced on exams. On average students performed equally well on these questions as on standard analytical questions. 
MATH 318:

Development: Developed learning goals and weekly homework assignments with computations/experimentation in MATLAB/Octave; developed online resources and appropriate exam questions to test the students' knowledge of Octave.

Assessment and outcomes: Performed mid- and end-of-term attitude surveys; tracked grades on traditional vs computer based questions.  Found performance mainly better on the computer-based questions.  Survey feedback was very positive. 

Planned course development for 2010

MATH 256 (Term 1) and 253 (Term 2) for MECH 2: Implement diagnostic to track skills from first year computer labs (MATH 152) and shape activities. Monitor completion rates and student attitudes.  Create a source of data on common programming errors and comparison of  in-lab student strategies.

MATH 307: Develop more tutorials to address specific weakness in key programming skills e.g., loops. Develop more homework assignments to help the students to develop basic programming skills unrelated to course-specific content. 
MATH 318: Continue to draft new Octave-based questions for the homeworks and exams. Plans for assessment include collecting more data from the homeworks and exams, and refining surveys to gather more information.

