CWSEI-MATH  December 2010 – November 2011 Progress Report
Some of the earlier CWSEI-MATH projects, including some first-year courses and various courses integrating computational skills, are now completed. Overall, results were very positive, response from students and instructors was enthusiastic and in some cases we found evidence of increased learning. To support sustainability of these changes, in April 2011 the department voted to adopt materials and course practices as developed for the first courses covered under CWSEI-MATH. All new materials and recommendations for future instructors are now available on the new departmental course archive. 

Personnel: A new STLF, Katya Yurasovskaya, was hired in July to replace Sandi Merchant, who is currently on maternity leave. Katya has a PhD in Mathematics from our department, and has taught various Math courses. Being familiar with both the department and students’ difficulties in learning math, she is well qualified to bring valuable contributions to the program. She joins the other STLFs: Warren Code, Joseph Lo, Costanza Piccolo.

Main CWSEI-MATH projects:

1. First year calculus content revision and course management 

MATH 104/184, Differential Calculus with Applications to Commerce and Social Sciences: A 1400-student course, MATH 104/184 is taught by 10-15 instructors in different sections each fall, many of them at their first teaching experience. In addition, many of the economics applications covered in the course are not standard for mathematicians, and many course instructors are mostly new to them each year. This led to a lack of cohesion in course content, as indicated in interviews by instructors from previous years. In response to these concerns, new course management efforts were implemented in 2010. Learning guides with detailed learning goals, instructional tips, and a list of suggested textbook problems tied to specific learning goals were distributed to all instructors and discussed at weekly meetings. More uniform assessment of learning was achieved across sections with common exams and homework. New course materials were developed to address specific economics applications. Results were positive. Classroom observations and follow-up interviews with instructors indicated a strong increase in cohesion and familiarity with course material. More uniform grade distributions between sections were observed compared to previous years. Similar management strategies and materials are being reused this year.

MATH 110, Differential Calculus: This two-term course, first introduced in 2008, is equivalent in content to any one-term Differential Calculus course offered in the department, but it is targeted to students with weak in-coming skills. The purpose of having an extra term is to help students to strengthen their basic skills in mathematics, as well as to allow more time to absorb the new calculus concepts. A preliminary assessment based on grade comparison in follow-up courses seems to indicate that the extra term is effective at bringing students at the same level as those coming from the traditional stream. Moreover, data showed that the performance gap observed at the end of the first term between students who haven’t done math for over a year compared to those who enter the course straight from high school reduces over the course of the second term. 

2. The right balance of online homework, workshops and classroom technology 

 One of the original projects of CWSEI-MATH, its main focus is to assess the workshop program offered in MATH 180, 184, and more recently 110, which are equivalent courses in Differential Calculus with applications in the physical sciences (MATH 180) and commerce/social sciences (MATH 184, MATH 110). The workshop program is integrated in each course as weekly problem-solving sessions facilitated by TAs. We have focussed our efforts on improving the alignment between lecture material and workshop content, as well as the training and coordination of the staff (TAs and coordinators) involved in the workshops. This led to major changes in organization, management, and content of the workshops in each course, resulting in improved students’ attitudes and engagement in the problem-solving activities. Enthusiastic feedback from workshop TAs also confirmed their buy-in of the facilitation-based instructional style. Consistent results collected in MATH 180 over the course of three years in which CWSEI support was progressively reduced indicate that these changes can be sustainable for the future once the course content has stabilized. Efforts are now concentrated on MATH 184 and 110, where recent course changes required substantial changes in the workshop content. Also part of this project is providing support to instructors of the above courses who use online homework (mostly WebWork) and a classroom response system (“clickers”). 

3. Tracking and improving key skills through the curriculum 

Mathematical Proof Skills: MATH 220, Mathematical Proof was chosen as the first (core) course in a sequence of proofs courses to undergo an extensive assessment and review. So far, this led to the development of detailed learning goals, a new diagnostic tool to assess logic and proof skills, and additional tutorials currently under development. The process of writing learning goals has led to fruitful discussions among faculty on what content should be covered in the course and what basic proof skills students should acquire at the end of the course. Further discussions are underway about the option of splitting the course over two terms. Another goal of this project has been to design a basic proof skills diagnostic tool to assess skills of in-coming students and measure learning gains at the end of the course. The test has now gone through several revisions, as well as full validation through student interviews. Administered as a pre-test in the first week of the course and a post test in the last homework assignment, the test has a fairly high predictive power with strong correlations between pre-test scores and final course grades. Moreover, a comparison of pre/post test scores indicates substantial learning gains in some of the basic skills, but some difficulties persist. In an effort to help students to improve their proof skills, this term we have started a series of optional tutorials with group work that run parallel to the course. This was also in response to earlier observations of students’ study habits: there seems to be no sense of community among students in this course and a common perception that mathematics should be practised in isolation. Attendance to tutorials has been low so far, new strategies are clearly needed to reach out to those students who are most in need of help.

Basic Algebra Skills: In-coming first-year Calculus students with weak algebra skills are streamed into MATH 110, a two-term course. While providing an extra term to learn new material seems to be beneficial, data showed that simply covering the course material at a slower pace is not sufficient to strengthen students’ basic skills. Last year we tracked students’ skills by administering a basic skills diagnostic test at the start and end of the course. Learning gains on this diagnostic test were small. To address this issue, this year we are incorporating more structured remedial work into the weekly homework for those students who performed poorly on the diagnostic test. 

Series Skills: MATH 101, Integral Calculus with Applications to Physical Sciences, has undergone recent changes in order to incorporate Series into the course syllabus. We developed new learning goals to address these changes, and have started collecting data on students’ difficulties on series in MATH 305, Applied Complex Variables, to gain insight on their learning and retention of this topic, as well as to build a baseline for future comparison of students coming from different calculus streams. 
4. Integrating computational skills as effective learning strategies 

After last year’s successful transformation of first-year linear algebra labs, we are now continuing similar efforts in the following courses:
MATH 210, Introduction to Mathematical Computing 
MATH 253, Multivariable Calculus 

MATH 256, Differential Equations 

MATH 307, Applied Linear Algebra 

MATH 318, Probability with Physical Applications 

MATH 360, Mathematical Models for Science 

MATH 358, Engineering Analysis 
Our goal is to integrate an effective computational component where students learn to use MATLAB (or similar free clones) to explore mathematical ideas developed in the course. This is a challenge as students arrive in these courses with a variety of programming backgrounds (though almost none have used MATLAB before) and are often resistant to learning programming skills in a mathematics course unless explicit instruction is provided as labs or tutorials. In MATH 253 and 256 (service courses for engineering students), computer labs run weekly; new lab activities have been developed and reviewed based on data collected on surveys and in-lab observations. Labs are now more achievable and better integrated with class material. A newly developed automated session logging tool has provided us with some insight on students’ skills and programming work habits. We now know more about students’ difficulties in developing such computational skills and are in a better position to design new and effective lab activities in MATH 210 and 358 starting in January. In MATH 307, 318, and more recently in 360, MATLAB skills have been integrated in the course through class demos, computational assignments, lecture notes and on-line help resources. Surveys showed considerable enthusiastic response from students, who, for the most part, appreciate being given the opportunity of applying the abstract concepts learned in class to more complex real-life applications. Many of the Science students, however, come in with minimal computing experience and some find these computing activities particularly challenging. Thus, it is essential to incorporate adequate help resources and support early in the course, and to allow sufficient time for these students to absorb basic programming concepts. Finding successful strategies for assessing learning remains the main challenge in this project. Questions on traditional paper exams are somewhat limited and may encourage memorization of code without deep understanding, while the use of computers in timed exams can lead to high levels of frustration for students with poor debugging skills. 

5. Other projects
MATH 230, Introduction to Finite Mathematics: This is a prerequisite course for students entering an elementary education program (the majority of the student population in the course), as well as anyone who needs a mathematics literacy credit. To identify needs and difficulties of the students we are conducting interviews with past instructors and the Faculty of Education; an extensive literature review helped in identifying issues in the course development, as well as further implications for the educational system in general, since poor preparation of teachers has far-reaching effects. A list of learning goals and common student misconceptions are being developed for future instructors, and a new diagnostic test provided some initial data on students’ competence in arithmetic and their ability to deal with new/non standard mathematical reasoning, as well as their attitudes towards mathematics.  

MAPS, Mathematics Attitudes and Perceptions Survey: This survey measures student attitudes towards mathematics as well as their dispositions in problem solving and approach in the subject.  Preliminary results indicate the unfortunate trend seen in other disciplines: the student population's attitudes tend to shift away from expert-like attitudes in their first course across a number of areas, for example the perception that memorizing algorithms is the best strategy in learning calculus. Survey validation and more extensive data collection are currently underway.
Lessons learned 
· Instructors, especially new ones, can feel disconnected from the rest of those teaching but most will not complain about this. However, virtually all instructors appreciate the guidance of more explicit learning goals and meetings with other instructors, as well as tips on student difficulties with specific content, especially if they are not familiar with the topic themselves.
· Observation of computer lab activity can give some information, though it is mainly driven by individual student problems and so it is hard to tell how widespread particular issues may be. Logging student sessions can give a clearer picture of patterns of activity among the whole population. 

· Students can acquire basic programming skills as they explore new mathematical problems, however they need adequate time and resources to develop such skills.   

· Experiments on classroom methods are hard to implement. A single instructor teaching two separate sections for comparison has difficulties maintaining consistency in his/her teaching. Even a short experiment in a single section is a challenge as instructors are uncomfortable with changes and will naturally revert back to their habits as soon as difficulties arise.
Future Plans
	Projects
	Plans

	First year calculus content revision, and balance of online homework and workshops, classroom technology


	MATH 104/184: The course will have a new instructor in charge next year. We’ll provide support to ease the transition and assess whether the transfer of materials and management strategies can be done effectively.
Integral Calculus Courses: A recent change in curriculum reintroduced mathematical series into MATH 101, one of the Integral Calculus courses offered in the department. Further discussions have raised the question of whether a similar content revision should occur in the other integral calculus courses, MATH 103 and 105. 
Online Homework: Based on this term’s experience, we’ll collect data in support of the extension of online homework to all first-year courses and provide support if suggestion is adopted. 

	Tracking of basic algebra skills 
	MATH 110: Complete the two-semester long assessment and measure whether mastery of basic skills in mathematics increases at the end of the course.

	Tracking proof skills


	MATH 220: We plan to complete the set of tutorials and design strategies to maximize student attendance. We hope to measure the effectiveness of the workshops by comparing student performance on exams using previous year classes as a control group. In response to the idea of splitting the course over two terms, we will collect more data on the student population as well as their difficulties with specific course content and use this information to make recommendations.
300-level proofs courses: We plan to design a more advanced diagnostic tool to track students’ skills in higher level courses.  

	Tracking series skills
	MATH 305 and other 300-level courses: We will continue to collect data on student difficulties on series to build a baseline for assessing the recent change in curriculum implemented in the first-year courses.

	Tracking modeling skills
	MATH 264:  A new course on vector calculus starting in January, embedded in an Electromagnetics course; focus will be on assessing how well the instruction of the math concepts is integrated with the E&M course, as well as assessing students’ mastery of skills in mathematical E&M modeling.  

	Incorporating computational skills


	Work will continue in MATH 210 to assess whether the changes we plan for the upcoming term are effective, and in MATH 360 to improve the integration of the computational component into the course. We hope to follow engineering students further along in their programs to see if the programming skills acquired in earlier courses are retained and adequate for the later courses. A preliminary assessment of computing skills will start in MATH 358 in January. This is a course for engineering students, where we hope to measure whether the programming skills acquired in earlier courses are both retained and adequate for this later course. 


