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BACKGROUND

Preservice elementary teachers often have poor attitudes and/or poor backgrounds in mathematics.   For example, on item #13 from the UTEP Student Evaluation at the end of the author’s recent course for preservice elementary teachers (n = 27 students responding; 3 were absent that day), we learned that 100% of the students were taking this course to fulfill a requirement, rather than as an elective or for their own interest.  We also see (on item #12) that before taking the course, students’ level of interest in the subject was reported as:  0% “high”, 7.4% average, 70.4% low, and 22.2% unsure.
Such students may be at risk for transmitting these poor attitudes/backgrounds to the students they will teach unless there is intervention.  The intervention must therefore address not only key elementary mathematics content itself, but also limiting conceptions these future teachers may have about mathematics content, about the process of doing mathematics, about the process of teaching mathematics and about people with degrees in mathematics.

This paper concerned the fall 2004 course that met twice a week in the Science Classroom at Canutillo ES as part of integrated field-based block I-B of courses
for UTEP preservice elementary teachers (EC-4 Generalist).  The block consisted of 

ECED 4308 (Social Studies Education/Primary Grades, taught by Dr. Ellen Treadway),

MATH 3305 (Conceptual Mathematics from Multiple Perspectives I, taught by the author), ECED 4310 (Teaching Math/Primary Grades, taught by Dr. Olga Kosheleva), and an internship half-days each MWF in assigned internship schools.
Canutillo, TX is an unincorporated community in the far west end of El Paso County just outside El Paso city limits.  Of the 90% Hispanic population in Canutillo, 75% speak Spanish in the home.  One hundred percent of Canutillo Independent School District elementary school students receive free and reduced lunch.  Munter (2004) describes previous and ongoing work at Canutillo developing a culturally relevant set of school-based programs within a service-learning framework, and examples include a Mayan math/culture project and Parent Power Nights with parents, children and preservice teachers working together on mathematically and culturally rich activities.  

INTERVENTION

The course focused not only on key elementary content areas, but also on experiencing the subject of mathematics in a way that constructively challenged many attitudes and conceptions about the subject itself.    Examples of “metalessons” embedded in the author’s course include:  discovering how mathematics can be open-ended, creative and fun, discovering how mathematics connects to culture and family/home life, discovering how mathematics relates to critical pedagogy,  “discovering” mathematical patterns, exploring how arithmetic is intimately connected with algebra and geometry, exploring how math is connected to other subjects (e.g., social studies, art, music), finding that there can be surprisingly many ways to get the correct answer (which benefits diverse learning styles), and how some mathematical scenarios can even appear to have more than one “correct” answer, etc.    The conceptions the author was attempting to challenge overlap with and are reinforced by those cited in the literature, such as Fuson, Kalchman and Bransford (2005) who list (pp.220-222) three preconceptions:  “mathematics is about learning to compute”, “mathematics is about following rules to guarantee correct answers”, and “some people have the ability to do math and some don’t”.
Pedagogical interventions were embedded in the course to change conceptions about math content, math process and math people.  Examples of conceptions about math content include:  more than procedural computing, open-ended problems w/multiple solution paths and multiple representations, connections within/between areas of math

connections to other subjects (e.g., social studies, art, literature, music; examples of social studies connections include: using city maps, world maps, elections, and surveys).
Also, we addressed “do you have to already have a math mind?” and “do you need to know more than EC-4 math?”
A mathematics and social studies connection made with the preservice elementary teachers at Canutillo is the making of flat maps.  A 3-dimensional curved surface cannot be perfectly projected onto a 2-dimensional plane without some kind of distortion.  Different kinds of projections have been mathematically developed with different approaches to the unavoidable tradeoffs.  For example, the traditional Mercator projection preserves shapes and angles, but exaggerates the size of countries (e.g., Greenland) farther from the equator.  Projections such as the more recent Peters projection preserve sizes, but somewhat distort shapes.  Even students who were intellectually open to the possibility of there being more than one map projection were generally shocked to realize what a difference the choice of projection can make.   Adapting an activity from Gutstein (2001), the author showed the preservice teachers  two maps published by Rand McNally and asked the question “How many times larger than Greenland does Africa look?”  For one map (Miller Cylindrical projection), the teachers’ estimates were clustered around 2, but for another map (Goode’s Homolosine Equal Area Projection), estimates were clustered around 8 or 9 (the true answer is about 14).  From one map, all 30 teachers said Alaska looked bigger than Mexico, but made the opposite conclusion from the second map.  When writing reflections on this activity, some of the preservice teachers had to work through the idea that which projection is more “correct” is not an inherent property, but depends upon what is being asked for.   For example, while we want an equal-area projection to compare areas, we would prefer an azimuthal equidistant projection if we were airplane pilots and a conformal projection (e.g., Mercator) if we were navigators or surveyors, etc.  It now does not take great imagination to discuss how someone might make a map choice for political reasons, to make his or her country appear larger or more central in the world, etc.  A general lesson learned by one preservice teacher was “how teacher’s [sic] really need to be careful of where they get their information and how they present it to their students.”
Conceptions about the process of doing mathematics were engaged or confronted through the use of   manipulatives, group work and projects,“discovering” patterns, not merely receiving answers, connecting to culture/family, Parent Power Night, and an observational visit to the first and second-grade classroom of Mr. Carlos Aceves (and a subsequent debriefing visit by him to our classroom).
Aceves (2004) teaches using “mythic pedagogy” that could safely pass for a holistic, multicultural approach to a conventional observer’s eye, but that goes deeper, by allowing his elementary students to experience their culture as something that is dynamic and interdisciplinary with a nurturing and egalitarian worldview that places “their history within a universal context where being part of an ethnic group is a reflection – not a separation – of their humanity” (p.275).   The preservice teachers were generally deeply impressed. One preservice teacher wrote: “If there is one thing I learned from watching Mr. Aceves teach is that it’s okay to teach by another way just as long as it is used to teach the basics of the class. I also learned that it’s not that hard to teach first and second graders these kinds of [‘advanced’] things, it is possible.” Another preservice teacher wrote: “Mr. Aceves is planting a seed in his students and with a little nurturing they are growing into beautiful well-rounded flowers.” Little did this preservice teacher (consciously) know, but the Aztec word for which Aceves’ curriculum project is named means “germinating seed”. The reflections made clear that witnessing such models of outstanding, nonconventional teaching seemed to be a key event for preservice teachers all too accustomed to seeing only inservice teachers teaching traditionally or university professors who do not demonstrate high awareness of the realities of the precollege classroom.

The author also tried to challenge and humanize students’ preconceptions about instructors with mathematics degrees (or that taught in a mathematics department) through the use of humor, songs, magic tricks and children’s books (all related to mathematics!).  
A big vehicle for this intervention and the dominant portion of the course assessment consisted of projects.  While the projects spanned a wide range of elementary content areas – from geometry to number – each project also had one or more metalessons.

Patterns of powers -- How math problems (e.g., find the units’ digit of 3700) with no instant path of solution and with no obvious way to be helped by technology can nevertheless be solved by looking for and applying patterns
Patterns in Pascal’s Triangle—discovering and exploring many patterns that can be found in a simple array of numbers and how many areas of math and life can be connected to these patterns
Multiple Ways to find Area -- How a straightforward question about finding a figure’s area can be approached in so many ways (at least a half dozen!) besides (relying on memorizing) a formula, which helps serve more learning styles
Arithmetic Base-- How arithmetic algorithms and choice of base can be given conceptual meaning through manipulatives;  how different cultures have used different bases
Tesselation -- math can be creative and fun and connect to art! (other ways: optical illusions, Networks/tracing, Symmetry, Golden ratio, Fractals, Quilts, Perspective drawing, Escher drawings, Magic Eye 3-D drawings)

Tangrams – using an ancient “puzzle” to explore (using concrete and virtual forms) a surprising variety of geometric ideas
Sets -- A simple thing underlies and connects to so many branches of math (attributes, number relationships, logical reasoning, infinity,etc.) throughout the K-12 continuum
SOME INDICATORS OF SUCCESS
Despite the fact that students had very low interest or desire when the class began (see data in this paper’s opening paragraph), the overall rating of the course was:

74.1% excellent, 14.8% good, 7.4% satisfactory, 3.7% poor, 0% very poor.

The overall rating of the instructor:

81.5% excellent, 7.4% good, 7.4% satisfactory, 0% poor, 3.7% very poor.

The following representative sample of narrative comments taken from student evaluations showed support that the instructor was not only able to have assignments that were both challenging and enjoyable, but also to have the students actually appreciate the aspect of challenge:
“I really liked that Dr. Lesser used various manipulatives, integrated other subjects with mathematics such as social studies, sang songs to us about mathematical concepts, related math to current events such as the presidential election, he also challenged us and high expectations of his students.”

“Very positive attitude and motivated us every class meeting.”

“Made us think – that’s a good thing (”

“The instructor’s style is very unique.  He is always looking for things that make class fun, interesting AND educational.”

“The assignments have been challenging and fun.  He makes us look forward to seeing if our answers or assumptions were right or wrong.”

In January, 2005, the author received an unsolicited email from a student from that class.  She said, “Thought you’d like to know that I passed my state exam.  I missed only one question on the math portion thanks to you….You made the math fun…It was very interesting to see what technique you would come up with next to keep our attention.  You were also very astute to the fact that not all of us learn in the same manner.  Therefore we were given several opportunities to strengthen our weaknesses and excel at our strengths.”
This email inspired the author to see how others from the class did on the TExES (Texas Examinations of Educator Standards) exam.  A fairly high fraction (25/30) of students felt confident enough to try the test for the first time in October 2004 (just halfway into the class), and 19 of those 25 passed, including two who achieved the maximum possible scaled score on the Math Domain.  Two of the three students who took the very next exam administration (December 2004) passed.   Other students have since attempted the exam, but this data was not available at the time this paper was written.  It should be noted while passing the overall TExES exam does not require a particular passing score on the Math Domain part, the data suggest that more students were below the passing score on the overall test than would have been below that score on the Math Domain part.     It should also be noted that we have not attempted to compare this class performance to that of other classes.
DIRECTIONS FOR FUTURE INVESTIGATION

The author gave an anonymous survey at his presentation at the 2005 SUN Conference, with n = 11 responding.  Attendees were asked what was the most important or most difficult conception to confront, whether or not it is limited to content. The vast majority of responses to this indeed went beyond content, including issues such as:  commitment, value of learning theories, possibility of (and then choosing among) multiple approaches, the need for practice, conceptual understanding, idea of generalization, self-confidence (and self-discovery) needed for learning.  Questions attendees suggested for followup study included:  “Does application motivate learning more than content?” and “How good is longitudinal retention?” 
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