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Introduction
For the last decade, the reform of mathematics education at the college level has been accompanied by the so-called “math wars”.   One dimension of this struggle has involved calls to prove that non-traditional courses are at least as effective as the courses they are designed to replace.  From one point of view, this is certainly a reasonable request, especially as all of higher education faces pressures for accountability.  From another point of view, I am not aware that anyone has ever been asked to prove anything about the effectiveness of the traditional courses.  Most studies looking at the impact of a nontraditional approach to student learning have focused on the developmental mathematics/college algebra level and at the calculus level.    studies from developmental mathematics up through calculus have looked at the impact of a non-traditional approach to student learning.  One such study For instance, Baxter et al [1] compared student performance in traditional versus reform calculus and the students’ performance in subsequent science and engineering courses.

In this article, we look at the results of a comprehensive, multifaceted study comparing student performance, success, retention, and attitudes in a reform version of precalculus to that in a traditional version of the same course.  Another component of the study involved student performance, success, and retention in the follow-up calculus course based on the type of precalculus experience the students had.

Background

The precalculus offering at New York Institute of Technology (NYIT) is the standard college algebra and trigonometry course stressing traditional drill-and-skill techniques presumed to be necessary for calculus.  Graphing calculators are used to augment the usual algebraic topics.  For the science and engineering majors, this course has been followed by a reform calculus sequence based on the Harvard calculus materials [2].


In the fall of 1999, some faculty from the mathematics department decided to teach a reform version of precalculus based on mathematical modeling with an approach that emphasized conceptual understanding.  Several other faculty members objected to this change, believing that such a course would inflict irreparable damage on the students in terms of their perceived weaknesses in algebraic manipulation.  To resolve this issue, the department decided to offer two sections of the course in the traditional, algebra-oriented way and two sections using the reform/modeling approach and then to compare the results between the two groups.  Four experienced faculty members, all of whom are considered excellent instructors, taught the four sections. 

The students had no idea when they registered for precalculus that some of the sections would be reform/modeling and others traditional.  Thus, their choice of section was basically random.  Moreover, during the first week of the semester, the students in the reform/modeling sections were told that the classes were going to be very different from the traditional approach.  These students were given the option of transferring to one of the traditional sections, but not one of them opted out. 
  
While the core topics covered in both precalculus groups were the same (linear, polynomial, rational, exponential, logarithmic, and trigonometric functions), the emphasis, content, and sequence of topics were quite different.  The traditional course, based on [3], was mainly lecture-based and stressed routine algebraic manipulations to improve student skills. The reform/ modeling course, based on [4], stressed conceptual understanding of the mathematical ideas, problem-solving, and realistic applications.  In the reform/modeling course, the algebraic manipulations arose only in the context of problem solving, not as long lists of drill-and-skill exercises.  Students learned by applying the mathematical ideas and methods to real-world data, some of which they personally obtained on subjects of interest to them. 


At the time, NYIT was a member of the NSF-supported Long Island Consortium for Interconnected Learning (LICIL) project, which was intended to foster greater interaction between mathematics and all other quantitative disciplines.  With support from LICIL, a multifaceted assessment study was conducted by two external evaluators.  One evaluator, who was responsible for LICIL’s overall project evaluation, conducted an attitudinal study [5], and another evaluator was brought in specifically to assess the differences between the two groups in precalculus and in the succeeding calculus course [6].


The main components of the evaluation study included:

1.
Comparison of placement tests scores prior to the start of the precalculus course.

2.
Comparison of student performance on a series of common problems on the final exams administered to the two precalculus groups.

3.
Comparison of student attitudes in the two precalculus groups.
4.
Comparison of student performance on weekly quizzes in the follow-up calculus course based on the type of precalculus experience the students had.

5.
Comparison of student performance on class tests in the follow-up calculus course.

6. 
Comparison of student performance on the final exam in the follow-up calculus course.

7.
Comparison of student retention and success rates in the follow-up calculus course.

Student backgrounds prior to precalculus


A department-generated placement test, which has been used for many years to assesses algebraic proficiency, was administered to all students before the start of classes.  On the basis of this test, students were admitted to the one-semester precalculus course or were directed either to a developmental course or to a slower two-semester algebra/trigonometry course. 
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For those students who placed into precalculus, the students in the reform/modeling sections scored a mean of 12.47 on the placement test with a standard deviation of 3.93.  In comparison, those in the traditional precal​culus sections scored a mean of 13.58, with a standard deviation of 3.36 (see Figure 1). 

The standard deviations for both groups were very similar, indicating that there was very little variation in the placement test scores of both groups.  To determine if the two mean scores were significantly different, a means/ANOVA t-test was conducted and the results indicate that, while the students in the traditional classes had better placement scores, the two means were statistically not significantly different: p-value = 0.2512, F-ratio = 1.3426.

Assessing student performance in precalculus
To comply with the departmental request for a comparison of student performance, all four faculty members teaching the course agreed to include ten common questions on the final examinations for both precalculus groups. These questions were primarily manipulative in nature. Note that the content of all of these questions was agreed to by the four faculty members who were confident that their students could handle the problems with relative ease. 
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The ten common questions were worth a total of 66 points.  Students in the reform/ modeling sections scored a mean of 49.69 with a standard deviation of 9.32, while those in the traditional sections scored a mean of 43.63 with a standard deviation of 12.03. A means/ANOVA t-test indicated that the two means were signifi​cantly different (p-value = 0.0266, F-ratio = 5.1572).  Thus, the two groups differed in their performance on the common, algebraic manipu​lation questions on the final examinations with the students in the reform/modeling sections out-performing those in the traditional sections.  (See Figure 2.)  

This result is particularly striking when one considers that the students in the reform/ modeling sections started with weaker algebraic skills on average (as measured by the lower mean scores on the placement exam), took a course that did not explicitly emphasize such skills, and ultimately outscored their peers on questions involving precisely those kinds of skills.

We can only speculate about the reasons for this.  In a typical traditional course, the students are assigned many practice problems of the same type; the problems look indistin​guishable and appear no different from problems that they’ve seen in previous math courses.  Many students likely do not bother to work at many of the problems;  they feel they’ve done them before. These students tend to equate familiarity with mastery. There is nothing in long assignments of routine problems that captures the students’ interest.

Students in the reform/modeling sections were assigned primarily non-routine problems that did not resemble those they had seen before.   The realistic contexts made the mathematics more interesting to the students; they cared about the answers.  The algebraic manipulations were hidden in the contexts.  The students were expected to create functions and use them to answer questions about the quantity being studied.  The actual equations that arose were often much more complicated than those in a traditional course, because the numbers were realistic rather than being artificially contrived to make the answers work out evenly. In this environment, we conjecture that the students did more homework of a more challenging nature.  The relatively routine algebra and trigonometry problems on the final exam were then not difficult for them.


In addition to the total score on the ten common questions, the evaluator also analyzed student performance on each of the questions individually. To determine whether significant differences exist between the scores earned by the reform/modeling group and the traditional group on these questions, he used a MANOVA model. The students from the reform/modeling classes out-performed the students from the traditional group in seven of the ten questions.  Table 1 summarizes the results and Figure 3 provides a visual display, where the bar on the left represents the results of the students from the reform/modeling sections for each question.  The evaluator found that the differences were statistically significant for three of the ten questions (# 1, # 4 and # 5). 

Table 1: Results of  the MANOVA model for the 10 common questions
	
	Reform/modeling
	Traditional
	
	

	Item
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	F Ratio
	p-value

	Q1
	9.14
	1.38
	6.33
	3.71
	17.8202
	0.0001

	Q2
	10.13
	3.58
	11.09
	2.87
	1.3156
	0.2558

	Q3
	2.5
	1.66
	2.91
	1.23
	1.1639
	0.2848

	Q4
	1
	0.97
	1.81
	0.56
	15.2715
	0.0002

	Q5
	7.20
	1.77
	4.44
	2.69
	24.4292
	0.0001

	Q6
	3.23
	0.97
	2.70
	1.23
	3.6470
	0.0608

	Q7
	3.46
	0.98
	3.22
	1.05
	0.8597
	0.3574

	Q8
	4.15
	1.03
	3.63
	1.66
	2.3867
	0.1275

	Q9
	2.80
	2.21
	2.37
	1.92
	0.6484
	0.4237

	Q10
	6.08
	2.64
	5.11
	3.04
	1.8510
	0.1786
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The three questions where there were significant differences, and discussions regarding each of them, are as follows:  

Question #1 Brookville College enrolled 2546 students in 1996 and 2702 students in 1998.  Assume that enrollment follows a linear growth pattern.  

(a) Write a linear equation that gives the enrollment in terms of the year t (let t = 0 represent 1996).

(b) If the trend continues, what will the enrollment be in the year 2016?

(c) What is the slope of the line you found in part (a)? 

(d) Explain, using an English sentence, the meaning of the slope here.

(e) If the trend continues, when will the enrollment reach 3500 students?

Out of a total of 10 points, the students in the reform/modeling sections scored a mean of 9.14 with standard deviation of 1.38 while the students in the traditional sections scored a mean of 6.33 with standard deviation 3.71. A means/ANOVA t-test indicates that the two means were significantly different (p-value = 0.0001, F-ratio = 17.8202).

Question #4 Given h(x) = 4(x2 – 17)15, find two functions f(x) and g(x) such that h(x) = f(g(x)).
Out of a total of 2 points, the students in the reform/modeling sections scored a mean of 1 with standard deviation of 0.97 while the students in the traditional sections scored a mean of 1.81 with standard deviation 0.56. A means/ANOVA t-test indicates that the two means were significantly different (p-value = 0.0002, F-ratio = 15.2715).

Question #5 (reform/modeling sections) The population of Peru was 24 million in 1995 and has been growing at an annual rate of 2.1%.  

(a) Write a function for the population P(t) after t years.  (Let t = 0 represent 1995.)

(b) According to this model, what will the population be in the year 2000?

(c) Use any method to determine when the population will reach 30 million.

Question #5 (traditional sections) You deposit $8500 in a bank paying 4.25% interest.  

(d) Write an expression for your balance B(t) after t years.

(e) What will your balance be after 30 years?

(f) Use any method to determine when your balance will equal $15,000.

(The reason for these two different, though mathematically equivalent, problems is that the instructors in the traditional sections believed that their students would be more comfortable with the more standard money growth context than with the population growth context.) 

Out of a total of 8 points, the students in the reform/modeling sections scored a mean of 7.2 with standard deviation of 1.77, while the students in the traditional sections scored a mean of 4.44 with standard deviation 2.69. A means/ANOVA t-test indicates that the two means are significantly different (p-value = 0.0001, F-ratio = 24.4292).


The most noticeable difference in the two groups is revealed by a comparison of the responses to part (d) of Question #1, which asked the students to interpret the meaning of the slope of the line.  The complete set of responses appears in [7].  

In summary, 35 of the 37 students in the reform/modeling sections gave a meaningful response, an indication of their understanding of the significance of the slope of a line.  A typical response was: “This means that for every year the number of students increases by 78”.  The remaining two students wrote an appropriate statement for the meaning of slope, but calculated the slope as (t/(y.



In comparison, 9 of the 27 students in the traditional sections were able to provide a meaningful response indicating an understanding of what the slope represents.  Five left that  portion of the question blank and 3 simply rephrased the algebraic formula (y/(x for the slope in words. The remaining 10 students wrote statements that made no sense, including:
· The point in which the # of students is increasing.

· The slope in this equation means the students enrolled in 1996.  Y = MX + B.

· The slope is the average amount of years it takes to get 156 more students enrolled in the school.

· Since it is positive it increases. 

· Its how many times a year it increases.

Note that Question #1 was worth a total of 10 points on both final exams.  Part (d), which asks for the interpretation of the slope, was worth only 2 points and so represents only a fraction of the difference in the overall mean scores (9.14 versus 6.33) between the two groups.  Those students who had trouble interpreting the slope also had trouble using the equation of the line to answer the predictive questions posed.

It is interesting that the ability of both groups to calculate the slope of a line was comparable.  However, any graphing calculator and many commonly available software packages, such as Excel, can do that also.  What should be more valuable to our students is the ability to understand what the slope means in context, whether that context arises in one of their other courses in mathematics or courses in one of the quantitative disciplines or eventually on the job.  

These results suggest that, unless explicit attention is devoted to emphasizing conceptual understanding of what the slope means, a majority of students are not able to create meaningful interpretations on their own.  Lacking conceptual understanding, they are not able to apply the mathematics to realistic situations in new contexts or in other courses.  

Many of us have heard complaints from colleagues in other disciplines about students who appear not to have learned key mathematical ideas and techniques, such as finding or using the equation of a line. In most other disciplines, linear functions do not arise in the form usually taught in a traditional course:  Find the equation of the line through the points (1,3) and (5,11).  Instead, one typically faces a collection of data relating two quantities that follow a roughly linear pattern and has to find and use the (regression) line that best fits the data.  If students have such difficulty just giving meaning to the slope of a line, it is no wonder that they are unable to connect what they learn about lines and linear functions in their math classes to what they are expected to do in their other courses.

Moreover, if students are unable to make their own connections with an elementary concept like the slope of a line (which they have encountered previously), it is unlikely that they will be able to create meaningful interpretations and connections on their own for more sophisticated mathematical concepts, such as:  What is the significance of the base (growth or decay factor) in an exponential function?  What is the meaning of the power in a power function?  What do the parameters in a realistic sinusoidal model tell about the phenomenon being modeled?  What is the significance of the factors of a polynomial?  What is the significance of the derivative of a function?  What is the significance of a definite integral?  

On the basis of this study, it is clear that we cannot simply concentrate on teaching mathematical techniques and skills.  It is at least as important to stress conceptual understanding and the meaning of the mathematics.  This can be accomplished by using realistic, contextual examples and problems that force students to think, not just to manipulate symbols.  If we fail to do this, we are not adequately preparing them for successive mathematics courses, for courses in other disciplines, and for using mathematics on the job and throughout their lives.

Assessing student attitudes in precalculus


A student attitudinal survey was also conducted in precalculus the same semester by LICIL’s external evaluator [5].  In this study, instructors A and B taught the traditional course; instructors C and D taught the reform/modeling course.  All four instructors incorporated the use of graphing calculators. A set of 20 attitudinal questions was administered on the first day of class (pre-survey) and again on the last day of the semester (post-survey).  These questions were designed to investigate the extent to which student attitudes changed as a result of each course.  The questions covered several general areas.  In analyzing the data, the evaluator combined the Strongly Agree and Agree responses, as well as the Strongly Disagree and Disagree responses. 

	
	Pre
	Post
	Change

	Traditional A
	57.3%
	47.2%
	-10.1

	Traditional B
	56.0%
	41.7%
	-14.3

	Reform C
	58.0%
	66.7%
	+8.7

	Reform D
	60.5%
	63.2%
	+2.7


Table 2:  Student reactions to the nature of mathematics



One group of questions dealt with whether mathematics is an active, open-ended, disco​very-oriented process or a passive, closed-ended, memory-based proce​dure.  The results are shown as percentages of positive responses (percentage of students who Strongly Agree/Agree that mathematics is an active, open-ended discovery-oriented process) in Table 2. The pre‑course responses were clustered close to the mean, with a range of only 4.5 and a standard deviation of 1.9, so that the four groups were comparable at the outset. The post‑course responses, however, had a greater spread, with a range of 25 and a standard deviation of 12.1.  Group C showed an increased level of positive atti​tudes and experiences toward mathematics, group D showed a slight increase, while both traditional Groups A and B indicated substan​tially more negative attitudes and experiences toward mathematics.


The second group of questions dealt with the usefulness of mathematics and whether the students viewed it as connected to situations beyond math courses.  Some of the survey items were:

     This course helped me to understand how to apply math to real world problems.

     In this course, I learned ways of thinking that are useful in situations outside of math.

     This course showed that math is useful in many non‑math courses.

	
	Pre
	Post
	Change

	Traditional A
	65.5%
	6.0%
	-59.5

	Traditional B
	52.0%
	12.5%
	-39.5

	Reform C
	57.5%
	68.3%
	+10.8

	Reform D
	53.3%
	38.0%
	-15.3


Table 3: Student reactions to the usefulness of mathematics

     This course made connections across disciplines.

The corresponding percentage of positive responses for the four groups are shown in Table 3.  The responses for the pre‑ course survey are again clustered, although not as closely as in the previous area, with a range 13.5 and a standard deviation of 6.1. Post‑course results are scattered even more widely than in the first area, with a range of 62.3 and a standard deviation of 28.3. The combined pre/post means for the two reform/modeling classes moved from 55.4 to 53.2, while the combined pre/post means for the traditional classes fell from 58.75 to 9.25.   

	
	Pre
	Post
	Change

	Traditional A
	78%
	67%
	-11

	Traditional B
	87%
	70%
	-17

	Reform C
	76%
	100%
	+24

	Reform D
	88%
	79%
	-9


  Table 4: Student reactions to the importance of technology

Based on the responses to these two general areas, the evaluator concluded that students appear to respond much more positively to the reform/modeling approach than to the traditional approach. He hypothesized that perhaps differences in the student populations or in the instructors might account for the differences. Based on responses to other items, however, the evaluator rejected these hypotheses. 


A third group of questions dealt with the importance of technology in learning mathematics.  The results are shown in Table 4. The evaluator noted that the average for group C was the lowest in the pre‑course survey but increased to a 100% positive rating, while the percent of positive response of the other three groups all declined.

The follow-up study in calculus


In the Spring of 2000, a follow-up study was conducted on student performance and retention in the Calculus I course for science and engineering majors based on whether the students had taken a traditional or the reform/modeling precalculus course. There were two sections of the calculus course taught by the same professor, and each section included students with both types of precalculus background. The course was based on the Harvard text [2].   

Not all students who take precalculus at NYIT are required to take Calculus I.  Some take a business calculus course or an architecture calculus course.  The precalculus course is a required, but terminal, course in certain majors, including physical therapy, occupational therapy, nursing, and communication arts.  Some students do not immediately go on to take Calculus I the semester after having completed precalculus.  

The end result was that 13 of the 37 students (or 35%) who passed the reform/modeling precalculus course during Fall 1999 started Calculus I during Spring 2000; 5 of the 27 students (or 18.5%) who passed the traditional precalculus course during Fall 1999 started Calculus I during Spring 2000.  In total, there were 52 students enrolled in the two sections of Calculus I. Thirteen of them had a reform/modeling precalculus background while 39 had a traditional precalculus background.   However, only 5 of those 39 students had passed traditional precalculus during Fall 1999.  The remaining 34 students had passed the prerequisite precalculus course in a variety of ways; some were transfer students, some had taken a traditional precalculus course during an earlier semester, some had taken traditional precalculus in high school, and some had completed a two-semester traditional precalculus track. 

During the calculus study, the external evaluator compared students’ performance on quizzes, class tests and the final examination, as well as student success rates, retention rates, and persistence in the course. Since only 13 students from the Fall 1999 reform/modeling precalculus classes and only 5 students from the Fall 1999 traditional precalculus classes enrolled in Calculus I in Spring 2000, the evaluator compared the 13 students with the reform/modeling background to all 39 students who had a traditional background (the full traditional group). In this article, we include the evaluator’s analysis [6] for the full traditional group, along with accompanying graphs and tables.  Wherever appropriate, we also add parenthetically the comparable performance of the subgroup of the five students who took the traditional precalculus course during Fall 1999.

Assessing student performance and persistence on quizzes in calculus 
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As can be seen in Figure 4, the reform/ modeling group consistently out​performed the full traditional group on all seven quizzes during the semester.  (Note that the identical out​comes occurred when comparing the reform/modeling group to the subgroup of five students who came from the traditional background in Fall 1999.)  The quizzes on which the students with the traditional background scored closest to the students from the reform/modeling approach are the quizzes that were primarily algebraic in content (quizzes  4 and  6).  
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A closer examination of the quiz data reveals a striking pattern in terms of student persistence in calculus depending on the students’ precalculus background. Figure 5a diagrams which students with the reform/modeling background took each of the seven quizzes in calculus.  Each row represents an individual student and each column represents a particular quiz (#1 through #7).  Each darkened box represents a quiz that a student took and each blank box represents a missed quiz. Similarly, Figure 5b illustrates the same information for the full group of students with a traditional background. Only one student with the reform/modeling background stopped attending calculus.  It is evident that the persistence levels among the 
students with a traditional background were considerably lower and that a large component of this group gave up on calculus and stopped attending. 

[image: image6.wmf]Performance on Class Tests

0.0

20.0

40.0

60.0

80.0

100.0

1

2

3

Class-Test Number

Average Test Grades 

Reform

Traditional

Figure 7

Student retention can also be seen in the graph in Figure 6 showing the percentages of students from the two groups taking each of the seven quizzes. The percentage of students with the reform/modeling background who took each of the seven quizzes was consistently higher than the percentage of students with a traditional background.  (This was true for the full traditional group as well as for the subgroup.)  
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The comparison of student performance on the last few quizzes is distorted by the dispropor​tionate number of students with a traditional background who stopped attending calculus.  Since they were already doing poorly, their scores on the later quizzes, had they persisted, would undoubtedly have lowered the average for their group.  That is, the lowest performing students were effectively removed from the traditional group when they stopped attending (both full group and subgroup), but the lowest performing students from the reform/ modeling group completed the entire course.  Had all these students persisted to the end of the semester, there would almost certainly have been an even wider discrepancy in the averages between the two groups.

Assessing student performance on class tests in calculus

[image: image8.wmf]Mean Total Scores on Common Problems

0

20

40

60

1

Figure 2

Traditional

Reform

Comparison of Mean Scores On Common Final Exam Questions

0

2

4

6

8

10

12

1

2

3

4

5

6

7

8

9

10

Common Problem Number

Mean Score Earned

Figure 3

Student performance on each of the three class tests in calculus was also compared. On the first class test, the full group of students coming from a traditional approach had a mean grade of 64.36 with a standard deviation of 19.23.  (The mean grade of the subgroup was 59.0 with a standard deviation of 15.32.)  In comparison, the students coming from the reform/modeling sections had a mean of 90.62 with a standard deviation of 8.96. See Figure 7.  When the difference of means of the two groups is analyzed statistically, the associated t-value is t = 4.71 and the associated p-value is p = 0.0000257, so the difference between the groups is statistically significant. 


The results on the second and third class tests in calculus demonstrate similar, though not as dramatic, patterns.  On the second test, the full group of students coming from a traditional approach scored a mean grade of 59.58 with a standard deviation of 21.82. (The mean grade of the subgroup was 40.25 with a standard deviation of 7.15.)  The students coming from the reform/modeling sections scored a mean grade of 77.42 with a standard deviation of 14.26.  The resulting difference of means test gives t = 2.61 and p = 0.01249.  The difference is statistically significant.  

On the third class test, the students with a traditional background scored a mean grade of 62.3 with a standard deviation of 17.31.  (The mean grade of the subgroup was 48.5 with a standard deviation of 16.5.)  The students with the reform/modeling background scored a mean grade of 76.1 with a standard deviation of 18.13.  The t-value for this difference of means is t = 2.20 and the associated p-value is p = 0.035. The difference is statistically significant. 

From Figure 7, it appears that the results for the two groups are converging.  Again, this is probably misleading because of the considerably higher percentage of students with a traditional background who gave up and stopped attending the course. 

Assessing student performance on the final exam in calculus

On the final exam in calculus, the full group of students coming from a traditional approach scored a mean grade of 55.8 with a standard deviation of 23.09. (The mean grade of the subgroup was 11.5 with a standard deviation of 6.5.)  In comparison, the students coming from the reform/modeling sections scored a mean grade of 69.8 with a standard deviation of 26.21. The resulting difference of means test gives t = 1.64 and p = 0.1. 

Note that 12 of the 13 students, or 92.3%, from the reform/modeling background who started the calculus course completed the course and took the final exam.  In comparison, 24 of the 39 students, or 61.5%, of the full group who started the course took the final exam. (In the subgroup, 3 of the 5 students took the final exam.)
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Finally, 10 of the 13 students from the reform/modeling background who started the course received passing grades in calculus, for a success rate of 76.9%.  In comparison, 16 of the 39 students in the full group with a traditional background who started the course received passing grades in calculus, for a success rate of 41.0%.  See Figure 8. (None of the 5 students in the subgroup passed calculus.) When the difference in proportions is analyzed, the associated z-value is z = 2.24 and the associated p-value is p = 0.025.  Thus, the difference in the proportion of students who passed the course is statistically significant.  (The corresponding values for the subgroup are z = 2.94 and p = 0.003, so again the difference in proportions is statistically significant.)

Discussion of results 


The issue of student persistence and retention in calculus is perhaps the most critical factor for an institution such as ours. To summarize, only one of the 13 students from the reform/modeling back​ground stopped attending the course, no other student from this grouped missed a single test or the final exam and, in fact, only two of the other students missed any quizzes.  On the other hand, over 40% of the students from the traditional background stopped attending; six of them did not take the first test, eight of them did not take the second test, 16 did not take the third test, and almost half missed more than one quiz.  


I can only speculate about the reasons for this.  There is no doubt that the students with the reform/modeling background in precalculus were better prepared to handle the intellectual demands of a reform calculus course.  They were comfortable with the need to understand the meaning of the mathematical concepts, not just to manipulate symbols by rote.  They were used to non-routine problems, both conceptual and realistic, that required them to think and understand.  

In contrast, many students coming from a traditional skills-focused precalculus experience may have brought with them higher levels of manipulative skills (even though the precalculus portion of this study suggests otherwise).  But, they evidently were not prepared for a balanced emphasis on conceptual understanding, realistic applications, and algebraic manipulation.  


As mentioned earlier, at the start of our experience at NYIT, some faculty expressed concern that the reform/modeling approach in precalculus would inflict irreparable damage to the students.  In retrospect, it appears that it is the traditional precalculus course that harms the students.
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Figure 5a:  Persistence on quizzes: (reform/modeling)
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Figure 5b:  Persistence on quizzes (traditional)
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�This table was totally screwed up when I printed it out – I wonder if that is what the Notes committee saw and commented on.  Also, when I printed this out, this table printed with the header “Table 2: Results …”, which is what was referred to by the Notes committee.  However, here on the screen, it is clearly marked “Table 1”, which is the correct header.  Also, the reference in the previous paragraph is to Table 1 on screen, but Table 2 in the printout.  I am very confused and feel like I’m in the twilight zone.  Was something done to change the numbering of tables (and probably figures) to be done automatically?  That’s the only way I can account for some of what is happening.


�This figure should not show the underlying spreadsheet in the background.  I’m not sure why this is happening.


�This table was also screwy in my printout.  Make sure it comes through OK.  In the printout, it is listed as Table 4, not Table 2 (which is what it should be) 


�And once again this table was screwed up when I printed it out.  Incorrectly printed out as Table 5.


�And s till again.


�The diagram in Figure 5b was changed.  It should show 7 quizzes for each of 37 or 39 students. It was only set this way because otherwise it is too long a table.  7342


 I had specifically made the center column empty – no lines – to make the separation clear.  Please take out the underlines and overlines in that middle column to keep them distinguished from one another and perhaps make the central column slightly wider. 
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