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This study reports the results of 15-16 weeks of instruction in two mathematics methods courses designed for future high school teachers.  In these courses we emphasized a functional approach to learning and teaching algebra with an emphasis on multiple representations.  We used a variety of technological tools including graphing utilities, motion detectors, and computer based algebra software.  Our students experienced great difficulty adapting to the new demands we placed on them.  They found the new approach to algebra and teaching difficult to implement though they were successful in completing the tasks.  A comparison of initial and final data we collected on students’ attitudes and conceptualizations of teaching algebra indicate that the course was successful in providing the future teachers with a varying perspective on content and pedagogy.

Mathematics education in the USA has been widely criticized for concentrating too much on rote memorization of algorithms, paper and pencil computations, and for failing students to pose and solve problems.  Current recommendations for reform in school mathematics, as manifested in the Principles and Standards for School Mathematics (NCTM, 2000) include mathematics as problem solving, mathematics as communication, mathematical connection, and mathematical reasoning.  In the area of algebra, in particular, it is recommended that attention should also be devoted to the study of graphs and functions while utilizing a variety of graphing tools and technologies.  It is emphasized that the mathematics curriculum should include continued study of functions so that all students can:

1. model real world phenomenon with a variety of functions,

2. analyze and represent relationships using tables, equations and graphs,

3. translate among symbolic, and graphical representations of functions.

This functional approach to teaching algebra and the emphasis on multiple representations of concepts is drastically different from the traditional methods in which symbolic algebra is emphasized and the concepts are studied in isolation from one another. For many teachers this new approach to teaching is often complex and difficult.  This is for several reasons.  On the one hand, this new approach to content is drastically different from the “mathematics” they know and experienced as learners themselves.  On the other hand, the instructional techniques are, for the most part, unfamiliar to them. Thus, a major challenge associated with reforming school algebra is preparing teachers to implement reformed algebra in their classrooms.  Two dimensions are associated with this challenge, (1) re-teaching them algebra in ways consistent with the visions of reform and, (2) providing them with opportunities to develop pedagogical skills essential for successful implementation of these changes in their classrooms.

This paper discusses our work with a group of 50 high school mathematics teacher candidates enrolled in Mathematics Methods courses at our institutions.  In these courses we used solving real world problems and graphing utilities as the primary vehicles to introduce them to a new way of “doing” and “teaching” algebra.  Three particular questions guided our inquiry:

1. What types of algebraic skills and knowledge do students bring to their final phase of teacher education?

2. In what ways does the use of graphing utilities enhance their conceptualization of algebra teaching and learning?

3. What cognitive obstacles do they experience when dealing with function-based algebra learning and teaching? 

While reporting on the initial knowledge base and conceptions brought into our courses, we share the impact of the use of reform-based curricula, motion detectors, computer and graphing calculator based algebra explorations and the conceptualization of the content and teaching students possessed at the end of the 15-16 weeks of instruction.  Moreover, we highlight the challenges we faced in our work with the students, and the difficulties they experienced when encountering our tasks and approaches.

Theoretical Grounding

Cooney (1994) suggested that teacher education programs should attempt to design environments which:

1- enable teachers to develop a knowledge of mathematics that permits the teaching of mathematics from a constructivist perspective;

2-
provide contexts in which teachers develop expertise in identifying and analyzing the constraints they face in teaching and how they can deal with those constraints;

3-
furnish contexts in which teachers gain experience in assessing a student's understanding of mathematics;

4-
afford opportunities for teachers to translate their knowledge of mathematics into viable teaching strategies (p. 16). 

The Methods of Teaching Secondary School course we teach builds around the principles of practice identified above.  Our goal, in each of our respective programs, is to provide the future teachers an opportunity to relearn the mathematics they will teach using the same instructional methods and techniques that are suggested for their own practice.  

The theoretical perspectives on learning and on teaching we use in our practice are a constructivist view of learning (Davis, Maher, & Noddings (1990) and a Vygotskiian (1934/1962, 1978, 1934/1986) view of teaching. We perceive individuals as meaning makers who use conceptual structures to interpret what they see, hear, or read. We view teaching as (a) assisting students to build conceptual methods that are useful and (b) helping students to develop more sophisticated conceptual structures and methods as they become able to do so.  Assistance includes designing problem spaces that can enable learners to construct knowledge that is required for more advanced analysis.

This combination of views leads to a conception of teaching and learning in action in the classroom as assisting the performance of learners with their own individual meanings-in-the-making.  Therefore, we believe teaching requires continual learning about the knowing state of students in assessing-assisting cycles that are both short and long-term based.  Our Vygotskiian view of teaching leads us to a careful selection of tools and activities that might help individuals develop the mental structures needed to engage in a more advanced analysis of the phenomenon under study.  This concerns both mathematical and pedagogical issues.  We believe it is necessary to design and utilize tasks that create dissonance in current understandings of the students, thus, preparing them to deal with problems in a more sophisticated manner using more coherent conceptual structures.

We believe, as Vygotsky explained, that a person’s meaning and actions are social/cultural constructions and it follows that we can only understand the individual within the content of social relations in which the individual exists (Wertsch 1985).  Grounded in this theory is the understanding that successful members of a society must know and understand the established local moral orders-the specific roles, rights, and responsibilities that the social system establishes and enforces (Harre1994).  For the adoption of a public meaning of “knowledge” to be viable and to be important to the individual, it must be the product of social understandings. 

To be a successful member of a society, a person needs to understand and gain access to social norms and social constructs that work within that society.  Because individual sense making, or the formation of meaning, is intrinsically, inevitably, and profoundly social, each individual comes to know what it means to hold a certain role in the context of social interactions.  Although each individual brings her own constructs and meanings to the situation the situation, in turn, interactively influences the making of meaning and sets the standard for cultural competence.  Therefore, epistemic access, or beginning to understand in the discipline, is socially derived (Danziger 1990).

In light of this, we believe that future teachers learn about the cultural norms of the profession through dialogue and interaction with their colleagues and peers.  Moreover, these interactions help them establish what is worthwhile knowledge and what is valued for practice.  We argue, based on the perspective of social constructivist theory, that by facilitating communications among the future teachers, and by orchestrating situations in which they are motivated to exchange ideas, articulate their thinking, and attempt to solve conflicting perspectives, they develop the capacity to see new perspectives and build new understandings about mathematics and teaching.  This framework guides not only the type of experiences we provide the future teachers in class but also how we define our role in the process of educating them.  We make explicit to the students that our role is to challenge their analysis, and to be a “critical friend” during their discourse.  In this way we strive to create a community of learners in which students rely on feedback from peers and work towards developing reasoning skills based on collective inquiry.  Such was our methodology in the methods course we describe in this paper.

Context and Content:  Mathematics Methods Course

At both our institutions the methods of teaching mathematics course is taken at the end of the future teachers’ program of study.  In this course students examine issues surrounding teaching various mathematics courses including Algebra, Geometry, Trigonometry, Probability and Statistics. Upon completing the methods course, they begin their student teaching phase.  Commonly the students enrolled in the methods course have completed all their required mathematics coursework.
Among our student population, we have those with an undergraduate degree in mathematics, who are seeking a secondary teaching certification.  Some of our students may be enrolled in the undergraduate program in secondary mathematics education, and there may be some graduate students pursuing a MA in Curriculum and Instruction and/or a teaching certificate.

Five features characterize our students’ backgrounds:  (1) Their knowledge of mathematics is, for the most part, procedural and algorithmic; (2) they have limited knowledge of instructional tools and techniques useful for teaching mathematics (manipulative materials and technology) beyond chalkboard presentations and lectures; (3) they have limited experience with mathematical problem solving as learners; (4) they have had at least a six week long practicum experience in a school setting during which they assisted classroom teachers with instructional and non-instructional responsibilities, worked with individual or small groups of students, and wrote and taught between 2 to 3 lessons.  Completion of this internship is a pre or co-requisite for enrollment in the methods course. 

For the purpose of the research reported here we designed common activities for both groups of participants throughout the semester.  In this way, our goal was to create uniform experiences for them at both sites, thus, minimizing variability of conditions that could affect the reliability of results.  We planned class activities and assignments in collaboration with one another. We also discussed and organized an implementation timeline along with the sequence in which the activities were to be presented to participants at both sites. Lastly, we determined the nature of our interactions with students, and the resources we would make available to them in class.  

We had five goals in mind:

1. Introducing ratio and proportional reasoning as the backbone of the study of algebra,

2. Emphasizing function based algebra,

3. Connecting graphical and symbolic representations of algebraic concepts,

4. Using real life problems as vehicles to motivate the use of algebra and algebraic thinking,

5. Using appropriate graphing technologies (graphing calculators, computer software) throughout the course activities.  

On the first day of class we introduced the participants to the current Standards for teaching and Curriculum (NCTM 1991, 2000).  We illustrated examples from various classrooms in order to provide them with an image of what these Standards actually look like in real schools (See E-examples, NCTM 2001).  We discussed with the participants our goals for the course and what we hoped to accomplish with them.  All participants were instructed to complete and submit two instruments as homework assignments.  The first instrument gathered information from the participants on their views on mathematics, mathematics teaching, and their beliefs about how mathematics is best learned.  The participants also identified their instructional goals, their most prominent teaching orientation, their strengths and weaknesses, and their ideal teaching and learning actions.  The same instrument was administered to all participants at the end of the semester.  A comparison of participants’ initial and final responses allowed us to seek any changes in the participants’ views as the result of exposure to the course activities.  The second instrument, a mathematics content questionnaire was also administered to measure the participants’ knowledge of multiple representations, problem solving skills, and ability to use mathematics to solve novel application problems (See figure 1).  The content tested was focused on concepts from high school Algebra I and II curricula.  These were the same concepts the participants would be teaching the following semester during their student teaching phase.

Following the introduction to the course, during each subsequent class session we presented students with a set of problems on which they worked either in small groups or individually (See figure 2 for examples).  As each new set of problems was assigned, we also introduced students to graphing calculators, CBR’s and NuCalc software and discussed how each tool could be used in exploring the assigned tasks. In this way, we introduced the appropriate technologies in contexts meaningful to their learning.  During each session small groups and/or individuals were asked to present their solutions and/or their new insights to the large group.  We used these large group discussions as opportunities to challenge initial approaches and to force the participants to go beyond the obvious.

In addition to solving problems, completing reading assignments, and conducting computer based explorations, the participants were asked to select a topic from high school algebra and to develop a unit of instruction that utilized technology, real life applications, and authentic assessment.  The introduction to the unit had to provide a research-based rationale for its content and organization, stating explicitly how each of the lessons addressed points from the literature on cognitive obstacles to learning Algebra and ways in which they synthesized concepts in class.

On the last day of class we administered the initial survey instrument.  The results were compiled and compared with the initial data in an effort to trace the participants’ development in areas we had hoped to target with the course.  

Results

Tables 1 and 2 illustrate the results of the initial and final surveys on participants’ thinking about teaching and issues with which they struggled.  

	Themes
	Site 1

(n=27)
	Site 2

(n= 23)
	Total

(n=50)

	Analysis of Standards
	

	· Content Standards are trivial- I fully 

understand them
	25
	20
	45

	· Not sure how to implement them in specific 

grade levels
	3
	2
	5

	· Professional Teaching Standards are easy to implement-They are in line with my own thinking
	27
	23
	50

	· I know how to implement the teaching 

envisioned
	27
	3
	50

	Analysis of self
	

	· Confident about teaching
	25
	23
	48

	· Not sure if I can bring down the content to the kids’ level
	7
	
	7

	Concerns and Challenges
	

	· Managing students 
	27
	23
	50

	· Students lack of interest in learning
	27
	23
	50

	· Students’ inadequate mathematics background
	20
	23
	43

	Students learn best when teachers have/do
	

	· Clear explanations
	20
	18
	38

	· Sequence the content from simple to hard
	25
	23
	48

	· Relate to kids
	21
	20
	41

	· Enthusiasm and energy
	20
	15
	35

	· Patience
	20
	22
	42

	· Caring
	18
	19
	37

	· Use enough examples
	17
	15
	32


Table I:  Summary of results from the first journal entry

	Themes
	Site 1

(n=27)
	Site 2

(n= 23)
	Total

(n=50)

	Analysis of Standards
	

	· I understand some parts of it
	20
	18
	38

	· Not sure how to implement it long term
	21
	22
	44

	· Teaching the way standards promotes is different from 

what I am used to
	24
	20
	43

	· I will need a lot of help and resources to implement 

this type of teaching
	20
	22
	42



	· I am concerned about how to sequence my instruction so 

to cover my curriculum and nurture students’ thinking
	24
	22
	46

	· I am still not sure how to facilitate discourse
	10
	14
	24

	· I want to be that kind of teacher
	26
	20
	46

	·     I am confident I can do it
	3
	1
	4

	Analysis of self strengths and weaknesses
	

	· I am now familiar with a lot of resources
	25
	20
	47

	·     I am afraid of falling back to my old routine
	20
	16
	36

	·    Being pressured by curriculum coverage
	22
	19
	41

	·    Management and motivating kids
	15
	12
	27

	·    What if I don’t get what they say in class
	25
	22
	47

	· What if I don’t know the answer to their questions
	26
	23
	49

	I thought I knew it all but now I know that I don’t know

 “why” certain things work
	23
	21
	44

	Concerns for teaching and challenges they anticipated
	

	· Making sense of kids’ talk
	25
	19
	44

	· Motivating all students
	24
	20
	44

	· Having to work with traditional textbooks
	17
	19
	36

	Standardized testing/tensions with new teaching methods

 they wanted to implement
	7
	2
	9

	Attributes of a good teacher
	

	· Able to listen to students
	26
	23
	49

	· Caring
	27
	23
	50

	· Knowing mathematics: why and how questions
	26
	23
	49

	· Flexibility
	25
	20
	45


Table II:  Summary of results from the final survey 

As the data indicate there were substantial changes between the preservice teachers’ initial and final assessment of self-knowledge and skills.  While initially all participants had assumed teaching to be relatively easy, following their experiences in the course they recognized the limitations of their own understanding of the subject matter and of its impact on their teaching.

Figure 1 illustrates a summary of teachers’ responses to the initial content survey.  As the data indicate, significant gaps in the participants’ ability to solve non-routine tasks existed.  The Preservice teachers had difficulty determining legitimate solutions to problems, using mathematics to solve real life problems, and making sense of graphical situations.  Notice, for instance, on question 1 only 1 student could offer a geometric example of geometric mean.  None of the participants were capable of providing a real life example in which the use of geometric mean was appropriate.  In response to question 3 only two students provided an adequate mathematical procedure for determining the appropriateness of a best fit function.  Almost all of the participants (n=45) solved the basketball statistics problem by setting up a system of linear equations.  Lack of consistency in the numerical data did not appear to be problematic for any of them.

Particularly fascinating results were evident on questions that required participants to document a “change” graphically and symbolically (questions 6 and 7).   Notice that only two students provided correct responses to question number 7.  Only one student correctly identified the graph as the inverse of a sine function.

These pretest responses substantiated our initial conjectures about the nature of teachers’ understanding of mathematics and their experiences with multiple representational tools in analyzing problems.  

Challenges

Mathematics learning

We faced several challenges in our work with the participants. Perhaps the most prevailing one was the teachers’ limited understanding of the basic mathematics concepts and the procedural nature of their knowing.  Addressing these gaps was a time consuming process.  We found ourselves reviewing concepts more frequently than we had anticipated.  This was particularly problematic when the whole group seemed satisfied by ill-structured solutions to problems we had assigned.  We found ourselves having to “lecture” and “review” ideas more often than we had desired.  All participants exhibited great persistence and need to place immediate closure on problems.  Often times this need explicitly interfered with their ability to go beyond examination of trivial cases.  Making over- and under-generalizations was a natural cognitive habit for many of our students.

A second challenge was confronting the participants’ persistence that we exercise mathematical authority in class.  Two factors contributed to this dilemma.  On the one hand, the participants were reluctant to confront each other and felt it would be easier if we determined the legitimacy of their solutions.  On the other hand, they were accustomed to the type of classroom culture in which the instructor routinely authenticized a final “correct” solution to assigned problems.  We had envisioned that as the course progressed our students would conform to the norms of argumentation that exist within the mathematics community.  This meant challenging one another’s ideas, building upon each other’s work, and contributing to the constitution of mathematical knowledge among the group.  We had also envisioned that as they gained more experience in solving authentic tasks they would rely less on our (professors) input and authority.  Both of these outcomes were difficult to accomplish.  The participants were reluctant to confront each other’s methods.  Although different groups and individuals presented solutions that at times conflicted, they were willing to accept all answers as correct in hopes to maintain peace.  In the absence of our intervention they were prepared to close discussions on problem solutions and to proceed.

The need to have “correct” answers was also prevalent among the participants.  This need was manifested in two distinct ways.  On the one hand, they showed little enthusiasm for working on problems that did not have immediate answers, assuming them as “enigmas” expecting us to break down the problem into manageable pieces they could easily solve using standard algorithms.  On the other hand, they routinely insisted that we validate the solutions even when they seemed confident in their own analysis. 

On many of the problems, the participants were asked to “explore” graphing representation of the various functions using technology and to analyze their relationships using an axiomatic structure.  Later, we asked them to identify situations whose behaviors matched particular graphs.  For instance, we asked students to explore f(x) +g(x), f(x).g(x), f(x)/g(x) and f(g(x), for various f(x) and g(x).  They, then, presented their analysis of these graphs and discussed examples of how each may present itself in a real life context.  We also presented students with situations in which they had to describe the phenomenon symbolically (i.e.: Consider the bungee-jumping scenario, how can we best describe the motion of the bungee-jumper mathematically?).  Although the movement within the graphical representation of various functions became easier for our students as time progressed, connecting analytical and graphical representations remained difficult for nearly all of the participants.

Transfer to Instruction

In the course of analysis of course activities and in seeking connections between self learning and implications for practice, a major issue that arouse was the participants’ lack of confidence in school students’ ability to tackle problems of the same nature they had explored in class.  Their assessment of the tasks and activities were filtered through their own understanding of the subject matter.  On the final questionnaire almost all the teachers stated that although they learned much from the course they find the expectation to implement the same content in their future classrooms unrealistic.  Although they appreciated the power of small group work, technology, and other pedagogical techniques and tools we used in the course they found a function-based approach to teaching too difficult.  This is not surprising since a 15 to 16 week long course did not provide adequate maturation time for mathematical development of the participants.  Here we propose that the transfer from self-learning to classroom practice may not be as immediate as the scholars have proposed.  As the participants’ responses on the content exit test indicated, each one had made significant progress in each of the content areas we targeted in the course.  Each of the participants showed greater ability to solve non-routine mathematical tasks that demanded interpretation of multiple representations of the concepts.  Moreover, each one of the participants exhibited more sophisticated skills in solving real life applications and in setting up strategies for constructing mathematical models.  Lastly, each of the participants demonstrated greater ability to use the techniques of algebra to set up and to solve problems. However, this improvement in mathematical understanding did not immediately translate into pedagogical content knowledge.  This finding is of significant importance in mathematics education.

A second challenge that confronted us throughout the semester was the participants’ beliefs and assumptions about the value of a traditional mathematics curriculum and what students needed to know and be able to do upon completion of a certain grade level.  Although virtually every participant had claimed at the beginning of the course that they wanted to teach mathematics in ways that were different from their own experiences as learners, it was revealed later that the differences they envisioned were more affective based than cognitive.  For instance, although virtually every participant has expressed an interest in teaching mathematics for understanding, and using application problems to motivate meaningful mathematics learning, they later expressed that they found this type of instruction difficult to implement due to the large amount of skills and techniques they needed to develop in courses they would teach later.  The participants’ assumptions about what children could or could not do (basic skills, social issues) prevented them from a deep analysis of how algebra instruction may be organized to foster analytic skills rather than procedural competency.

Discussion

How should we assess our efforts and the course in meeting its intended outcomes?  What conclusions can we draw about instructional routines that bridge theory and practice in mathematics teacher preparation?  To what extent were we successful in delivering the type of teacher education practices compatible with Cooney’s visions?   Would the participants be able to implement the type of instruction we tried to model in our courses?  Will the course have any substantive impact on teachers’ ability to restructure school algebra curriculum.

Certainly, our responses to some of these questions may be ambitious since an accurate assessment would demand extensive follow up data collection.  However, we are now in a position to make several recommendations for mathematics teacher preparation and algebra instruction.

The results of surveys on the impact of the course on teacher candidates’ thinking about problem-based instruction and innovative teaching approaches that resemble the visions of reform provide us with sufficient data that the course was successful in challenging the participants’ views on what constitutes worthwhile mathematics.  All participants articulated a lack of satisfaction with their own mathematical preparation, indicating that they hoped their prior mathematics learning experiences were more in line with what they learned in the methods course.  All participants found it difficult to justify why they had such difficulty solving problems using mathematics, even when they had perceived the ability to do so as an important skill for teaching mathematics.  We find this lack of satisfaction with self-knowledge a promising outcome.  Several of the participants suggested that they planned to continue to increase their own understanding of mathematics in order to improve the type of experiences they would provide learners.  They solicited specific information about how they may access professional development opportunities that would be helpful in this area.

Despite our limited time with the participants, we did succeed in presenting them with a view of mathematics that was substantially different from what they had initially known.  As mentioned earlier we found it necessary to spend a great deal of time discussing mathematics with the students.  This was done at the cost of a more detailed elaboration on issues surrounding pedagogy.  We found it a major challenge to balance the two pressing needs that demanded a significant amount of time, namely: the need to help the participants develop mathematically, and the need to help them develop pedagogically.  Operating from the assumption that by developing a deeper understanding of mathematics the future teachers would have a greater chance of modifying traditional instruction, we focused on strengthening their mathematics background.  Although we used their own mathematical discussions, conceptions and misconceptions as springboards for discussing algebra learning and teaching at the pre-college levels, we are unsure of our success in helping them develop practical strategies that could be used in their own classrooms.  This issue has yet to be addressed in secondary mathematics teacher education in a substantial manner.  Although this method has proven successful at the elementary teacher education, the dynamics of this approach in secondary teacher education is not well defined.  Therefore, implementing this methodology at the secondary level presents a complex task. On the one hand, literature on algebra learning and teaching is scarce.  Models of children’s thinking within algebraic domains and about algebra concepts are rare.  On the other hand, high school curriculum covers a much wider range of mathematical topics.  Discussing each, in relation with other concepts, is an enormous time and thought intensive task with many ambiguities.  Although the results of the survey indicate we were successful in helping the participants think more seriously about learning issues, we are unsure of how these new understandings may play out in their instruction.  Thus, it is critical for future research in algebra learning and teaching to address this issue.

Nearly two decades ago Steffe and Cobb (1985) proposed the notion of the teacher as curriculum builder in mathematics education.  According to the authors, the teacher acting as a researcher in her own classroom is in a position to make decisions regarding the curriculum she teaches.  Although we find this notion intuitively appealing, in assessing our own students we are unsure of whether the nature of their understandings of mathematics and their limited experiences with conceptually based algebra learning and teaching would allow them to make sound decisions about what to teach and how to teach in their respective classrooms.  For instance, nearly all participants commented that they planned on using many of the problems and activities that they explored in the course with their own students.  In reviewing their units of instruction, we noticed that although they had used various activities from the course in their lessons and utilized technology, they had ultimately relied on “telling” algorithms and procedures to close a topic.  Gradual development of algebraic skills was an unnatural approach for them, thus making it difficult to build a long-term perspective on algebra curriculum.  This view remained unaffected even in the presence of their experiences with reformed curricula.  Perhaps,  greater time and experience with innovative algebra curricula, technology, and problem based mathematics instruction would allow them to build an imagery of teaching and learning different from their own past experiences.  The tension of time and coverage is as much an issue in mathematics teacher education as it is in school instruction.
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Figure 1:

Pretest

1. What is geometric mean?  Please provide a graphic representation and give an example of how this concept may be used in solving a problem.


Definition:

Correct formula:( n=24)

Can’t remember (n=11)



It is something like arithmetic mean but with multiplication (n=6)


No response (n=9)

Example:


Adequate example (n=1): The length of the parallel line segment that divides the isosceles trapezoid into two similar isosceles trapezoids equals sqrt(ab). 

[image: image1.png]



The length of PD is the geometric mean of a and b.
Application:  

Not sure (n=31)

Don’t know or cannot think of any (n=10)

Blank (n=9)

2. How do you help students make a connection between the unit circle and the graph of a sine function?

I tell them that each complete trip around the circle gives us a complete cycle of the sine function (n=24)

I will tell them to get any of the points on the sine curve and then map it to a point on the unit circle (n=5)

Not sure (5)

No answer (6)

3. Suppose in an analysis of a set of data, your students suggest two distinct best-fit functions.  One group argues for a quadratic and the other a cubic function as the best fit.  How would you help resolve the conflict?
I use the least squares test to decide which is the best fit  (n=2)

I ask them to plot the data on the calculator to see which is the closet fit (n=4)

It really depends on the data (n=27)

I don’t know or left blank (n=7)

4. Imagine that you are sitting in front of a television watching a basket ball game.  The star player, Dr. A., drives to the basket and she is fouled.  As she stands at the free throw line, the announcer states that she is hitting 78 percent of her free throws that season.  She misses the first shot but makes the second.  Later in the game, she is fouled for the second time.  As she moves to the free throw line, the announcer states that she has made 76 percent of her free throws so far this season.  Can you determine how many free throws this player has attempted and how many she has made this year?

Set up some variation of a system of linear equation (n=45)

No response (n=5)

5. Listed below are the mean monthly temperatures, in degree Fahrenheit, for New Orleans based on records from 1951 to 1980.

Jan.: 52
April:  69
July: 82
Oct.: 69
Feb.: 55
May: 75

Aug.: 82
Nov.:60
Mar.: 61
June: 80
Sep.: 79
Dec.: 55

Write an equation to model this data.  You may use any technology you feel you need to test your function.

Correct answer (n=4)

An approximation of the model (it must look like a sine function) (n=39)

Attempts at finding an algebraic solution  (i.e.  setting up a table of values and looking for a patter) (n=7)

6. Imagine the scenario when person dives off a diving board.   Sketch the graph that captures the motion of the diver over time—That is, from the moment she gets on the diving board to the moment she enters the water.  Appropriately label the axes of your sketch to explain what the graph represents.  What function has the graph with the same characteristics as the one you have just sketched?

Provided distance from the water in time graph (n=14)

Velocity-time (n=8)

Total distance traveled in time (n=9)  Only 2 of these were correct

Replicating the motion of the diver on the diving board (n=4)

Requested that they need more accurate information such as how high above the board the diver jumped and the speed at which she jumped off (some variation of not enough information) (n=10) 

7.  Consider the following graph below.  Could this graph be associated with a motion?  If yes, identify the motion.  If no, explain why.

When I think of motion I think of either distance in time or velocity in time type of graphs—So, in looking at this graph I ask myself can a person or a thing be at two different places at once?  And I say no—so, my answer is no.
(n=2)

Some variation of “Like a snake moving in the sand”  (n=37)

Is it like when they test a race car (n=4) 

Can’t think of one right now (n=7)
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What mathematical relation has the same graph with the same characteristic as the one above?

It is the inverse of a sine function, shifted to the right (n=1)

Some variation of, “a rotated sine (or cosine) function, rotated (n=21)

Some variation of “It is not a function so we can not write it as y= _______” (n=10)

Don’t know/No response (n=18)

Figure 2

Sample Activities

1.  Decide which is larger [f(x) + f(y)]/2 or f[(x+y)/2]

2.  Define two functions f(x) and g(x) such that f(g(x))=g(f(x)). 

3. Let f(x) = a sin(bx + c) and g(x) = a cos(bx + c). 

For selected values of a, b, and c, graph and explore: 

i. h(x) = f(x) + g(x)

ii. h(x) = f(x).g(x)

iii. h(x) = f(x)/g(x)

iv. h(x) = f(g(x)) 

4.  What equation would give the following graph:
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5. Consider functions f(x) and g(x). Explore, with different pairs of f(x) and g(x) the graphs for 

i. h(x) = f(x) + g(x) 
ii. h(x) = f(x).g(x) 
iii. h(x) = f(x)/g(x) 
iv. h(x) = f(g(x)) 

Summarize and illustrate your findings.

6.  Analyze the following statement:

f(x).f(y)/2 > f(xy)/2

7.  Consider y=cos (x).  What type of motion may be represented by such graph?

What graph do you think      y=cos(cos(x))      represents?  

How about y=cos(cos(cos(x)))?  How about y=cos(cos(cos(cos(x))))?  How about y=cos(cos(cos(cos(cos(x)))))?

8.  Imagine the motion of a bungee-jumper.  Sketch the graph of the motion of the individual from the moment s/he leaves the base to the moment s/he comes to rest.  What mathematical structure may be used to define the behavior of the motion of the individual?

9.  After a person dives off a diving board the board slows down and eventually stops vibrating because of friction and air resistance.  Sketch the motion of the diving board over time.  What function has the graph with the same characteristics as the one you have just sketched?
� Degree requirements may vary slightly at the two institutions but generally include:  A three-semester Calculus sequence; a course in Numerical Analysis, a course in Differential Equations, a course in Number theory, a course in Algebraic Structures, a course in Real Analysis, a course in Discrete Structures, a course in Geometry, a course in Probability and Statistics, and a course in computer programming.
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