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Abstract

As part of a study involving over 3000 Michigan students, it was found that students
arriving at Michigan State University from four high schools which began using the Core-
Plus Mathematics program placed into, and enrolled in, increasingly lower level coursesas
the implementation progressed.This conclusion is statistically very robust | the existence
of a downward trend is statistically signi�can t with p < :0005. The grades these students
earned in the mathematics coursesthey took are also below average(p < :01). ACT scores
suggestedthe existencebut not the severity of thesetrends.

Over the past two decadesthere hasbeena growing awarenessof the inadequacyof the math-
ematical skills of American high school graduates. That was the assessment of the 1983report A
Nation at Risk (National Commissionon Excellencein Education, 1983). Many subsequent stud-
ies point to the sameconclusion. The most recent National Assessment of Educational Progress
(NAEP) Report (Braswell et al., 2000) concluded that only 17 percent of US twelfth graders
were pro�cien t at mathematics1. International comparisonsalso indicate a relatively low level
of mathematics achievement by US high school students. The Third International Mathematics
and ScienceStudy (TIMSS) assessedthe `Mathematics Literacy' of end-of -secondarystudents in
22 countries and found that US students statistically outperformed only two countries, Cyprus
and South Africa (Takahira, et. al. 1998). Related studiessuggestthat the mathematics courses
taken by American high school students are often at a lower level than those taken by their
international peers, and that US high schools are o�ering a wide assortment of courseswhich
lack the focusand coherencefound in many foreign curricula (Schmidt, 2002). This situation has
beenof particular concernon collegeand university campuses,where large numbers of students
require remedial coursesto bring their mathematical knowledgeand skills up to what is required
for college-level mathematics and sciencecourses.

One e�ort to improve school mathematics beganin 1989with the Curriculum and Evaluation
Standards for School Mathematics published by the National Council of Teachersof Mathematics
(NCTM, 1989). The National ScienceFoundation (NSF) subsequently funded the development
and implementation of thirteen elementary, middle, and high school mathematics curricula based
on the NCTM Standards. Many of those programs have beencontroversial. In particular, there
has been concern that the NSF-funded curricula have moved from pilot testing to large-scale
implementation without su�cien t independent evaluations of their e�cacy .
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One of the NSF-funded curricula is the high school program Contemporary Mathematics in
Context: A Uni�e d Approach developed by the Core-PlusMathematics Project basedat Western
Michigan University. The Core-Plus authors describe the program as follows.

Contemporary Mathematics in Context is a four-yearcurriculum that replacesthe tra-
ditional Algebra-Geometry-AdvancedAlgebra/T rigonometry-Precalculussequence.Each
coursefeaturesinterwoven strands of algebraand functions, statistics and probabilit y,
geometry and trigonometry, and discrete mathematics. The �rst three coursesin the
seriesprovide a common core of broadly useful mathematics for all students. They
were developed to prepare students for successin college,in careers,and in daily life
in contemporary society. Course 4 continues the preparation of students for college
mathematics.2

The Core-Plus curriculum features mathematical modeling, extensive useof graphing calcu-
lators, and a minimal amount of algebrauntil the fourth year3. The Core-Plus program was �rst
pilot tested in the 1993-94school year. It is now usedby over 200,000students in more than 500
schools4.

More than two-thirds of the graduatesof American high schoolsenroll at a collegeor university
at somepoint in their lives. Thus the preparation of students for successin collegeis an important
goal of any high school mathematics curriculum, and for the Core-Plus program in particular.
This article reports the results of a study of Michigan State University (MSU) students who
graduated from several high schools that adopted the Core-Plus program. By looking at the
performance of those students in MSU mathematics courses, the study aimed to answer the
question: How well doesthe Core-Plusmathematicscurriculum preparestudents for mathematics
coursesat Michigan State University?

Michigan State University's databaseis well-suited for such a study for several reasons.MSU
is a large (43,000students) public university whosestudents comefrom a wide variety of math-
ematics curricula. Becauseof its size and popularit y, the Core-Plus high schools in this study
sent many students to MSU (an averageof 21 per year from each school). Moreover, in large
part becauseMSU hasa mathematics requirement for graduation, roughly 90%of MSU students
take a mathematics courseduring their freshmanyear. As a result, MSU recordsprovide a large
and varied set of data to analyze.

Literature Review

To our knowledge there are only three studies that examined how Core-Plus students fared
in subsequent college mathematics courses;none has been published in research journals. A
recent small-scalestudy (Lewis, Lazarovici, & Smith, 2001) studied seven Core-Plus students
who placed into precalculusor calculus at Michigan State University. For �v e of those students
Calculus 1 was \a major struggle"; several dropped Calculus 1 for another math sequence,and
three changed majors from engineering to a major requiring fewer mathematics courses. The
sixth student did well in Calculus 1 but did poorly in Calculus 2. The seventh student completed
the technical calculus sequenceand majored in mechanical engineering. However, that student
had taken a traditional precalculuscoursehis senior year which \app earedto be pivotal in [his]
successin the calculus" (ibid., page13). To the extent that it is possibleto concludeanything
from a sample of seven students, this study suggeststhat the Core-Plus coursesmay not, by
themselves, be adequatepreparation for the standard calculus course taught at universities to
engineeringand sciencemajors.
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There are two studies that examine the graduatesof two high schools in an a�uen t Detroit
suburb; oneof theseschools wasa pilot site for the Core-Plus program and the other did not use
Core-Plus material. Information from a sampleof thesestudents was collected and analyzedby
mathematicians G. Bachelis and R. J. Milgram (Milgram 2001). On all four of the measuresthey
examined| ACT scores,SAT scores,level of collegecoursestaken, and gradesin thosecourses|
the students from the Core-Plus school performed lesswell, by a statistically signi�cant amount,
than the students from the non-Core-Plus school. In a separate study, A. Coxford 5 obtained
data on the mathematics coursestaken and gradesreceived by the students from thesesametwo
high schools who subsequently enrolled at the University of Michigan at Ann Arb or. His data
are reported by H. Schoen and C. Hirsch, who concludedthat the \preliminary evidencesuggests
that students who experiencedthe pilot Core-Plus curriculum were at least as well prepared for
calculus (AP or collegelevel) as students in a more traditional curriculum" (Schoen & Hirsch,
2002). It is relevant to note that the University of Michigan is a highly selective university6 and
hencethis wasa population of top students, many of whom had taken AP Calculus in additional
to Core-Pluscourses.We will comment further on thesetwo studiesand o�er a hypothesisabout
the apparent contradiction betweenthem, in Section 3 below.

1 Metho dology

This study is a spin-o� of a much larger study (\the Original Study") examining achievement in
university mathematics coursesby students arriving at Michigan State University in the years
1996-1999. We invited forty-�v e high schools to participate in that original study. Those who
agreed(thirt y-four schools) received a list of all students who graduated from their school and
came to MSU in that four-year period; the schools returned information on the mathematics
coursestaken and the gradesreceived by those students in their senior year of high school. We
matched that information with similar data on thosestudents' MSU mathematics courses.After
examining the data, we sent each high school a con�dential report on the performanceof their
students at MSU. Most schools werevery interestedin obtaining such a report, and readily agreed
to participate. Six agreedbut later withdrew, with several saying they had di�cult y gathering
the required data. Only �v e schools directly declined to participate; all used the Core-Plus
program.

In fact, only one of the six Core-Plus schools we approached agreed to participate in the
Original Study. Nevertheless, the students from those six schools provided a reasonably large
group of graduates of a single mathematics curriculum, and we thought it would be valuable
to know how Core-Plus students fared at MSU. Thus we decided to initiate a separatestudy
focusing on the students from those six high schools using the MSU data available to us. This
article reports on that focusedstudy.

Study Design

We began with a list of all students who graduated from the six Core-Plus high schools in
our sample in the years 1996-99and enrolled at MSU. We obtained, from MSU records, those
students' ACT scores,scoreson the Mathematics Placement exam (see below), and a list of
the mathematics coursesthey took at MSU and the grades they received. More recent data
were not available when we beganthe study, but we later obtained data for the 1994,1995,and
2000students from several of theseschools. However, two of the six high schools supplemented
the Core-Plus program by o�ering a precalculus courseand incorporating material from other
curricula. We separatedthe data from those two \mixed Core-Plus" schools and analyzed them
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separately (seethe end of Section 3 below). That left four \pure Core-Plus" schools | schools
which o�ered only Core-Plus mathematics (and possibly AP Calculus for students who had
completed the Core-Plus program) . These four schools represented a variety of communities:
one is in the center of a medium-sizecity, one in an a�uen t suburb, and two in a developing
rural area. All four implemented the Core-Plus curriculum in such a way that many 1998 and
nearly all 1999\pure Core-plus" students had taken at least three of the four Core-Plus courses
and no other mathematics courseexcept possibly AP calculus.

In order to do the statistical analysis,we combined the data for students from the four Core-
Plus schools (the \CP" group) and comparedit to the data for students from the 34 schools that
participated in the Original Study (the \non-CP" group). These groups were reasonably large
(n = 353 and n = 2961, respectively), and we had complete records of the MSU mathematics
coursestaken by all students in both groups. The results of that analysis are presented below.

Shortcomingsof the methodology

This was not a large-scalerandomized study. It involved a total of 353 students from four
Core-Plus high schools and a control group of 2961students (there were also 103 students from
the two mixed Core-Plus high schools). Those data produced statistically reliable conclusions,
but it remains possible that the implementation of the Core-Plus program in these particular
schools was somehow atypical.

This study involves only students at Michigan State University. While this population is
reasonablyrepresentativ e of collegestudents, it doesnot constitute a random sampleof all Core-
Plus students. In particular, it does not include students who enrolled at communit y colleges,
who enrolled at elite universities, or who did not go to college. Consequently, this study can say
nothing about Core-Plus outcomesfor those populations of students.

The lack of information from the high schools causeddi�culties for this study. It was impos-
sible to ascertain preciselywhich students had completed the Core-Plus program and which had
also taken non-Core-Plusmathematics coursessuch asAP calculus. We minimized that problem
by restricting attention to \pure Core-Plus" schools, but that group undoubtedly includes some
students who took non-Core-Plusmathematics courses.A more re�ned study would distinguish
those students.

There are also issuesinvolving timing. The Core-Plus program is usually implemented by
starting with Course1 and adding the subsequent coursesone year at a time. In principle that
creates a sudden shift, with one year's graduates having taken no Core-Plus courses,and the
following year's graduateshaving taken three or four Core-Plus courses.In fact, the year of the
shift varies from school to school, and the shift occurs a year later for the \advanced" students
(those who begin high school mathematics in Grade 8). This study dealt with this in two ways:
by analyzing individual schools and by looking for log-linear trends in the composite data.

Another timing issueconcernsthe Core-Plusprogram itself. The program and the manner of
its implementation have beenevolving. In particular, Core-Plus Course4 was not implemented
until the last year of this study, and some schools that began their implementation as \pure
Core-Plus" later incorporated other curricula in various ways. We did not examineany details of
the implementations, such asteacher training. Theseare complicated issuesthat wereimpossible
to sort out without the cooperation of high schools.

Finally, there is the problem of causal inference. While this study reports compelling di�er-
encesbetweenCore-Plus and non-Core-Plusgroups, there is no guarantee that those di�erences
were causedby the Core-Plus program. The results must be read with that caveat in mind.

FreshmanMathematicsCoursesat MSU
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For this study, we have grouped the freshman-level MSU mathematics coursesinto �v e tiers.
The following discussiondescribesthose tiers and givesbackground information about the MSU
mathematics program.

Nearly 7000 freshmen enter MSU each fall. It is crucial that these students are placed
into mathematics coursesthat are at a level appropriate for them. That is done through a
Mathematics Placement Exam designedby the MSU Mathematics Department. The exam is
evaluated each year (and revised when appropriate) using several di�eren t standard statistical
checks of the correlation betweenPlacement Exam scoresand the gradesstudents achieve in their
freshman courses. These internal Mathematics Department studies show that the Placement
Exam directs students into courseswhere they can succeed.

Here is a brief description of the �v e tiers, including the Placement Exam score (out of a
maximum scoreof 28) neededto place into the coursesin that tier. These are all one-semester
courses.

� Tier 1: Math 132(technical calculus) or a higher level course. Admission into thesecourses
requiresa scoreof 19 on the Placement Exam, an ACT math scoreof 28, a SAT math score
of 640, or a passingscoreon the AP calculus exam.

� Tier 2: Five di�eren t courses: 1. business/biological sciencecalculus, 2. trigonometry, 3.
elementary education math, 4. any statistics course,or 5. a (relatively new) lib eral arts
math course. Admission into thesecoursesrequires a Placement Exam scoreof 15 (except
the trigonometry course,which requires credit for collegealgebra).

� Tier 3: Precalculus. A traditional precalculus course designed to prepare students for
technical calculus, although about half of the students are in there for other purposes.
Admission into this courserequires a Placement Exam scoreof 12.

� Tier 4: A traditional \College Algebra" coursefor three credits and a �v e-credit courseon
�nite math and algebra. A Placement Exam scoreof 10 or higher placesstudents into this
tier.

� Tier 5: Intermediate algebra, which is a remedial math coursefor collegestudents. It is a
three-credit coursethat doesnot earn credit towards graduation but it doescount towards
a student's GPA.

As a requirement for graduation, all MSU students must passonemathematics coursebeyond
the level of collegealgebra. Many large universities have similar graduation requirements. This
requirement can be met either by scoring at least 19 on the (proctored) Placement Exam or by
receiving a passinggrade in any mathematics or statistics courseexcept for CollegeAlgebra and
the Tier 5 course7. Thesetwo coursescover material commonly found in high school mathematics
curricula.

Nearly all of the students in the courseslisted above intend to major in somethingother than
mathematics. Consequently, representativ esof the mathematics department periodically consult
with other departments about the content of thesecourses.Feedback from thesemeetingsis used
to ensurethat thesecoursesare meeting the needsof the other departments.

For this study, students were assignedto the tier of the �rst mathematics coursethey took
at MSU. Students who took no MSU mathematics coursewere placed either into the tier of the
highest-level coursefor which they had received transfer or AP credit, or into a separategroup
labeled \None" if they had no such credit.
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2 Results

We compared the Core-Plus and non-Core-Plus groups on three measuresof performance in
university mathematics: the level of the �rst mathematics coursesthat students took at MSU,
the gradesthey attained in those courses,and the percent of students who eventually passeda
Tier 1 courseat MSU. We consideredonly �rst coursesand gradesbecausethose most strongly
re
ect the level of the students' mathematics preparation in high school. The \eventually passed
Tier 1" data is a measureof the rate at which students in thesegroupsare taking the mathematics
coursesneededfor technical majors such as engineering,physical science,and economics. This
section presents the results of a statistical analysis of thesethree measures.

CoursesTaken

At the beginning of their freshman year, the students themselves choosetheir mathematics
coursesfrom the options available to them as determined by their Placement Exam scores,ACT
or SAT scores,AP Exam scores,or transfer credit. (Students can revise their choice during the
�rst two weeksof classes.)Table1 showsdata on the distributions of the �rst mathematicscourses
taken at MSU. The �rst four columns give the distributions for students who graduated from a
non-Core-Plus high school in the years 1996-99;the next four columns give the corresponding
distributions for Core-Plus students. Each column lists the percentages of students who took
coursesin Tiers 1{5 and the percent who took no mathematics course. The last four columns
of Table 1 give the ratio CP/ non-CP of percents for each year and each tier. That ratio is a
convenient way of comparing the two groups,and has the additional advantage that any year-to-
year variations common to both groups cancel in the ratio. Becausethe Core-Plus high schools
implemented the program in di�eren t years,what is relevent are trendsin the coursedistribution
over the yearsof the study.

Before looking at trends we note that in the initial year of the study the Core-Plus group
was not statistically di�eren t from the control group. Speci�cally , a � 2 comparison of the �rst
and �fth columnsof Table 1 shows no statistically signi�cant di�erence (p = 0:57 on 5 degreesof
freedom); similarly there was no signi�cant di�erence betweenthe 1996groups in ACT English
or ACT Math scores(p = 0:78 and p = 0:28 respectively). Thus the 1996Core-Plus group, while
not obtained through a randomized study design,has a pro�le compatible with what one would
expect from a random sampleof the 1996control population.

Several trends are obvious in Table 1. In Tiers 1 and 2 there seemsto be no signi�cant
year-to-year change in the non-Core-Plus group, but a clear downward trend in the Core-Plus
group. The ratios show that in 1998and 1999students from Core-Plus high schools were taking
Tiers 1 and 2 coursesat only about 1/3 the rate of their non-Core-Pluspeers. In Tier 5 there is
also little year-to-year changein the non-Core-Plusgroup, but an upward trend in the Core-Plus
group. The ratios rise to the point where Core-Plus students are taking this remedial courseat
roughly twice the rate of the non-Core-Plusstudents.

To determine whether these changesare statistically signi�cant, the data in Table 1 were
analysized using a logistic regressionmodel.8 The null hypothesis is that the data are drawn
from a distribution that is constant in time. The model detects linear trends in the log-odds
ratios of the corresponding entries of the column vectorsof Table 1. One of the parametersof the
model, the \log-odds-ratio" � , is a measureof the drift away from no changein the ratios9. This
model provides answers to three distinct questions: Doesthis model �t the data reasonably?Are
the trends in the two sets of data signi�cant? And how do the two sets of data compare? The
results are as follows.
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Table 1: First courses at MSU| distribution by tiers

NonCP (Percent) CP (Percent) CP/NonCP Ratio
(n= 2961) (n=353)

Year 96 97 98 99 96 97 98 99 96 97 98 99
n 682 780 768 731 75 89 107 82

Tier 1 18 20 24 21 15 13 9 6 0.80 0.67 0.39 0.29
Tier 2 13 12 16 18 12 10 5 9 0.94 0.77 0.29 0.48
Tier 3 18 15 14 12 20 13 13 10 1.08 0.91 0.92 0.80
Tier 4 29 27 26 27 36 27 39 33 1.26 1.00 1.50 1.20
Tier 5 19 22 15 19 17 33 28 38 0.89 1.45 1.81 1.95
None 2 4 4 2 0 4 6 5 0 1.13 1.35 2.10

� For the Core-Plus data, the residual deviance(the � 2 value on 14 degreesof freedom) is
12.994,indicating that the model �ts thesedata very well. The estimate for � is 0:1335with
a z-value of 3.46. Thus the downward drift in the Core-Plus table is statistically signi�cant
(p < :0005).

� For the non-Core-Plus data, the residual deviance (� 2 on 14 degreesof freedom) is 38.9,
indicating that the model, while not �tting the data as well as in the previous case, is
reasonablegiven that n, the number of students, is large. For thesedata the estimate for
� is � :028with a z-value of -2.48. Thus there is a slight upward drift in the non-Core-Plus
distribution that is statistically signi�cant (p = :0132).

� Finally, the z-statistic for the comparison between the estimated drifts for the Core-Plus
and the non-Core-Plusdata is 3:9710 (p < :0001).

Grades

We now turn from the coursesstudents took to the grades they earned in those courses.
As mentioned earlier, MSU mathematics department studies show that the Placement Exam is
generallye�ectiv e at placing students into coursesappropriate for them. On the other hand, there
have beenclaims that university placement examsunderestimatethe mathematical knowledgeof
students from reform curricula such asCore-Plus. This latter contention suggeststhat the trends
seenin Table 1 arise from shortcomings of the placement processrather than shortcomings in
the preparation of Core-Plus students.

To determine the validit y of the placement process,we examinedthe gradesstudents attained
in their �rst courseat MSU. The �rst two columns of Table 2 list the averagegradesin the �rst
MSU course taken by students in our sample who arrived at MSU in fall of 1998 and 1999
(we restrict attention to those years becausesomehigh schools did not adopt Core-Plus until
fall, 1994). The last two columns give, for each tier, the z-statistic and p-value of the � 2 test
comparing the grade averages.

For Tiers 2 � 5, Table 2 shows that the Core-Plus students had consistently lower averages
than their non-Core-Plus peers. But except in Tier 4, those di�erences are not statistically
signi�cant at the :05 level. Thus the data on gradesprovides no evidencethat the Core-Plus
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Table 2: Av erage grades in the �rst MSU course tak en by 1998-1999 studen ts.

NonCP CP z p
Tier 1 2.79 (n=301) 3.42 (n=18) -3.78 < :0001
Tier 2 2.86 (n=244) 2.38 (n=21) 1.62 0.11
Tier 3 2.36 (n=195) 2.15 (n=26) 0.99 0.32
Tier 4 2.29 (n=391) 1.94 (n=68) 2.25 .03
Tier 5 2.31 (n=251) 1.97 (n=66) 1.89 .06

students were taking coursesbeneath their abilities. In fact, they suggestthat the Core-Plus
group may actually be doing somewhatworsein thesecourses.

The �rst row of Table 2 is quite di�eren t: the Core-Plus group de�nitely obtained better
gradesin Tier 1 courses. That is perhaps not surprising becausethe Tier 1 gradesfor the CP
group in Table 2 are obtained from an increasingly selective group of students, changing from
the top 15% in 1996 to the top 6% in 1999(c.f. Table 1). A secondpossiblefactor is the e�ect
of AP Calculus, which is often taken by top mathematics students; that point will be discussed
in the next section. Nevertheless,Table 2 shows that there was an elite group of 18 students (an
averageof two per year from each Core-Plus school) who did extraordinarily well in someTier
1 courseat MSU. Interpreting that fact would require knowledge of which high school courses
those students took.

It is illuminating to look at the grade distributions for the 1998-99students who took Tier
3{5 courses(that includesroughly 90%of the Core-Plusstudents). For thosestudents, the mean
grade was 2.31 for the non-Core-Plusgroup and 1.99 for the Core-Plus group; that di�erence is
statistically signi�cant (p = :0018). The grade distributions, shown in Chart 3, make clear how
that di�erence arises: the Core-Plus group has markedly fewer students who received gradesof
3.5 and 4 and correspondingly more who received gradesof 1.5 or less.

Chart 3: Grades re-
ceived by 98-99students
in Tier 3{5 courses
(percent receiving each
grade).

0 1 1.5 2 2.5 3 3.5 4

5

10

15

nonCP n=837

CP n=160

PassingCalculusEventually

As a third measure for judging the preparation of Core-Plus students for university-level
mathematics, we looked at the percentagesof students who eventually passeda Tier 1 course. At
MSU, asat most collegesand universities, the �rst coursein the Tier 1 technical calculussequence
is required for a wide range of engineeringand physical sciencemajors. It is a standard �rst-
semestercalculuscourse;essentially the samecourseis taught at a wide rangeof universitiesand
in high school AP calculus classes.It requires a 
uen t working knowledgeof algebra, geometry
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and trigonometry | the subjects of high school mathematics. The percent of students who pass
Tier 1 calculusthereforeprovidesa measureof the depth of high school mathematics preparation.

Our counts of those who \passed Tier 1 sometime" include students who received AP or
transfer credit for calculus and those who passeda Tier 1 course as sophomores,juniors, or
seniors at MSU, but does not include those who took the Tier 2 \business calculus" course.
For comparison, during the years of this study about 25% of the freshmen who entered MSU
eventually passeda Tier 1 calculus course.

Chart 4: Percent of
students who passed a
Tier 1 coursesometime.

1996 1997 1998 1999
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nonCP n=849

CP n=68

Chart 4 shows how the percentagesof students who \passed Tier 1 sometime" changedover
the four yearsof the study. The percentagesfor the Core-Plus group clearly declines. The best-
�tting (maximum likelihood) line to the log-odds shows that the Core-Plus percentagesfall at a
rate of about 27% per year, and that decline is signi�cant (p < :005).11

3 Other Asp ects of the Data

This section presents data from several individual high schools. These were included in the
composite data presented above, but looking at schools individually brings out several interesting
phenomenanot clearly visible in the previous analysis. In particular, we will uncover evidence
that ACT scoresand data from AP Calculus students need to be treated with care when used
to evaluate high school mathematics programs.

Transition in One District

Two of the Core-Plus schools | the oneswe denoteCP4 and CP5 | are in the samedistrict
(in fact, they began as a single high school and moved to separatebuildings during the years
of our study). For these two schools we were able to obtain seven years of data, giving a large
sample (n = 254) from a single district. These schools implemented Core-Plus Course 1 in the
1994-5school year and subsequently added one courseeach year. Thus students who graduated
in the years1994-1997had not usedCore-Plus materials while someof those graduating in 1998
and most of thosegraduating in 1999and 2000had taken at least someof the Core-Plus courses.

Table 5: CP4-5: AverageACT and MSU Math Placement Exam Scores

HS classof 94{97 98{00 p value

ACT Engl 23.3 23.1 0.64
ACT Math 23.8 22.8 .06
Placement 12.6 11.5 0.10
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Table 5 shows the averageACT and MSU Math Placement Exam scoresof the 94-97group
and the 98-00 group; the last column shows the p-values of the � 2 test comparing the groups.
The very slight drop in ACT English scoresis not signi�cant, and the drops in ACT Mathematics
and Placement Exam scoresare only marginally signi�cant. Thus the exam scoredata provide
no �rm statistical basis for predicting that the two groups would fare di�eren tly in their MSU
mathematics courses.

Table 6: CP4-5: Distribution of �rst Math coursestaken at MSU | Percent in each tier

HS classof 94 95 96 97 98 99 00
n 17 30 33 42 41 41 50

Tier 1 24 23 18 26 10 7 10
Tiers 2&3 41 40 42 36 27 24 32
Tiers 4&5 35 33 39 33 63 68 54
None 0 3 0 5 0 0 4
PassedTier 1 sometime 35 43 36 45 12 12 20

The actual course data, given in Table 6, show a remarkable change in the distribution
of the �rst mathematics coursestaken at MSU by students from CP4 and CP5. There is an
obvious drop-o� in the percentage of students who make it into the Tier 1 coursesand thosewho
eventually passeda Tier 1 courseand an obvious increasein the percentage placing into remedial
and low-level algebra (Tiers 4&5). Thesedi�erences are statistically signi�cant 12.

Many studies of high school mathematics have used ACT or SAT scoresas measuresof
students' preparation for collegeon the assumptionthat thosescoresarewell-correlatedto success
in collegemathematics courses.The data from CP4-5 suggestthat study designsbasedon that
assumption may fail to detect signi�cant de�ciencies in students' preparation for college-level
mathematics | neither ACT scoresnor Placement Exam scorespredict the dramatic di�erences
evident in the coursedata of Table 6.

A Much-Studied High School

One of the Core-Plusschools in our study, the onewe denotedCP2, was the subject of two of
the studies mentioned in our Literature Review. Those studies reached seeminglycontradictory
conclusions. Our data adds further information and allows us to formulate a hypothesisabout
why those studies reached di�eren t conclusions.

We begin by looking at the data from CP2. Table 7 shows the distribution of mathematics
coursestaken by CP2 students who cameto MSU over a six-year period13. Thesedistributions
change abruptly between 1996 and 1997; there is again a sharp decreasein the percentage of
students who took Tier 1{3 coursesand thosewho passedTier 1 eventually, and a corresponding
increasein the percentagesfor Tiers 4 and 5.

Tables6 and 7 exhibit the samepattern: the level of coursestaken declinesabruptly between
two consecutive years. The changesoccur in di�eren t years,but in both casesit coincideswith the
�rst graduating classof Core-Plus students (the Core-Plus curriculum was begunwith freshman
at CP2 in 1993, a year earlier than at CP4-5). This is consistent with the hypothesis that the
observed changesare attributable to the implementation of Core-Plus.
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Table 7: CP2: Distribution of �rst Math coursestaken at MSU | Percent in each tier (n=185)

HS classof 94 95 96 97 98 99
n 25 39 26 34 40 21

Tier 1 16 10 12 3 3 5
Tiers 2 & 3 32 15 27 9 10 5
Tiers 4 & 5 52 67 62 82 78 76
None 0 8 0 6 10 14
PassedTier 1 sometime 20 15 19 6 5 5

The patterns of ACT and MSU Math Placement scores,shown in Table 8, are also similar
to those of CP4-5 in Table 5. However, Table 8 shows an increasein ACT English scores;that
is keepingwith a state and national trend, as pointed out by Milgram (2001). The ACT Math
and MSU Placement Exam scoresboth decrease,but those declines again underestimate the
downward trend seenin Table 7.

Table 8: CP2: Averagescoreson ACT and MSU Math Placement Exam

HS classof 94 95 96 97 98 99

ACT English 21.5 23.1 22.8 23.6 23.7 25.3
ACT Math 23.6 22.5 21.7 20.7 20.5 22.4
Placement Exam 13.7 11.2 12.3 10.0 10.6 10.7

These conclusionsabout CP2 are consistent with the overall results described in Section 2
and with the conclusionsof Bachelis and Milgram (Milgram 2001). But they are not consistent
with the Coxford data reported by Schoen and Hirsch (2002). Why not?

Part of the explanation seemsto lie in the distinct nature of the AP Calculus courseand its
students. AP Calculus is a highly structured curriculum designedto mimic a collegemathematics
course. Furthermore, AP calculus coursesare usually taught by knowledgeable, experienced
teachers to motivated, intellectually able students. Our Original Study hasshown that thoseAP
Calculus students who continue on to take higher-level mathematics coursesat MSU generally
do very well, regardlessof their pre-calculusmathematics background.

The Core-Plus students studied by Milgram (2000) had not taken AP Calculus. In our study
AP Calculus students constitute a small population which largely coincides with the Tier 1
group. In contrast, the Coxford study describesa group of CP2 graduates | those who placed
into Precalculus, Calculus I, and three higher-level mathematics coursesat the University of
Michigan at Ann Arb or | many of whom had taken AP Calculus14. That is exactly the pro�le
of the students who appear in our study in the anomalousTier 1 row of Table 2. Thus our results
for those top studentsare consistent with the Coxford study.

The apparent successof AP calculusstudents who go on to higher-level mathematics suggests
that AP calculus might bu�er the transition to collegemathematics. Consequently, studies that
use college mathematics data to evaluate high school mathematics curricula should treat AP
calculus students as a distinct population.
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Mixed Core-Plus Schools

The analysis presented in the previous section implicitly assumedthat the students from
the four \pure Core-Plus" high schools had indeed taken Core-Plus mathematics. In fact, all
indications are that, by 1999,all of the students from those four schools had taken at least three
years of Core-Plus mathematics. That purit y seemsto be rare; at least one study of the Core-
Plus program has noted that \Most Core-plus high schools maintain two di�eren t mathematics
programs,Core-plusand a more traditional one" (Lewis, Lazarovici, & J. Smith, 2001). Amongst
such schools there is no consistencyin the options available; somehave an alternative track and
someo�er various precalculus and algebra coursesspeci�cally aimed at preparing students for
collegemathematics.

As mentioned earlier, two high schools in our sample�t this \Mixed Core-Plus" pro�le. The
information on their students wasthereforenot included in the data examinedin Section2. Both
of theseschools o�er a traditional algebra/precalculuscourseand AP Calculus, and the teachers
in at least one of these schools supplement the Core-Plus program with material intended to
develop skill at algebraic manipulations. Both schools are relatively small and the data on the
MSU coursestaken by their students is remarkably inconsistent | seeTable 9. It is perhaps
notable that the clear declinesseenin the \pure Core-Plus" data are not evident here, but this
data set is simply insu�cien t to draw any conclusions.

Table 9: Distribution (by percent) of �rst Math coursesfor the \Mixed Core-Plus" schools
(n=103).

HS classof 96 97 98 99

Tier 1 19 38 43 15
Tiers 2 & 3 31 10 25 22
Tiers 4 & 5 50 52 32 63
PassedTier 1 sometime 27 43 54 19

4 Implications for Studies Evaluating New Curricula

The methodology and results of this study raise a number of issuesrelevant for future studies
of curricula. We describe those issuesin this brief section. The observations made here have
implications both for study designand for the interpretation of studies of high school programs.

� Evaluations of newcurricula shouldcontain follow-up studiesat the next levelof curriculum.
Ideally, those follow-up studies should be done by independent researchers. It is too easy
for partisans of a new curriculum to �nd (perhapseven correctly) that the new curriculum
succeedsat the goalsset for it, and miss consequencesthat show up only at the next level.

� ACT exam scores should not be relied upon by themselvesto draw conclusions about the
e�ectivenessof high school curricula . Most students take ACT examsduring their junior
year of high school, and the exams themselves involve material below junior level. Our
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results indicate that, at least in somecircumstances,ACT scoresfail to detect (or to fully
re
ect) great changesin student mathematics learning.

� AP Calculus prepares students well for college mathematics by providing a year of highly
structured, demanding mathematics. Henceevaluations of high school curricula should be
careful to treat AP Calculus students as a distinct group.

� Our study wasfeasiblebecausewe focused on schools with homogeneous curricula. Our four
\pure Core-Plus" schools provided a group of students who we could assumehad taken
only Core-Plus mathematics in high school (except for a few advanced students who had
taken AP Calculus). That eliminated the needfor high school data, greatly simplifying the
analysis. Studies involving mixed-curricula schools, however, would require speci�c high
school coursedata on every student and would have to addressmany confounding issues
such as how students selectedcourses,what kind of `tracking' occurred, etc.

� Studies which compare school populations before and after whole-school implementation
of a new program avoid many of the issues associated with extraneous variables. Our
analysis comparesstudents who had no exposure to the Core-Plus program to Core-Plus
students who attended the sameschool a few years later. Thesetwo groups have the same
demographics,lived in the samecommunit y, attended the samehigh school, and often were
taught by the very sameteachers.

From a statistical viewpoint, one would ideally want randomized experiments to disentangle
the e�ects of the curriculum from other potential explanations. The last point above suggests
that the method of analysis used in this study goes a long way toward eliminating all variables
except those directly associated with the implementation of the Core-Plus program, such as
teacher training immediately before or during implementation, and associated changesin stu-
dents' elementary and middle school mathematics preparation. To assessthe e�ects of those
implementation-speci�c variables, one would like to seecorroborating studies involving a large
number of high schools. Our work suggeststhat such large-scalestudiesassessingoutcomesfrom
high school programs can be done using university data.

5 Conclusion

There is considerableevidencefor the shortcomingsof the mathematics curricula currently used
in American high schools. Our own studies of 34 Michigan high schools revealed an eclectic
assortment of high school courses,and international studies show that the US curriculum as
a whole lacks the depth and coherenceseenin the curricula of countries with top-performing
mathematics and sciencestudents. One would hope that a new high school mathematics program
would produce students who are at least as mathematically able than those coming out of the
current system. We undertook the present study to determine whether Core-Plus doesthat.

The context of our study is limited. Our data includes only students who enrolled at MSU.
We did not examine e�ectiv enessof Core-Plus for students not intending to go to college,nor
did we reach any conclusionabout high school curricula which mix Core-Plus courseswith more
standard courses.Also, student outcomesmay be di�eren t for the revisedCore-Plus curriculum
currently under development. But our data come from a broad group of collegestudents, and
the statistical conclusionsare robust and consistent.

The data show very clear declines in the level of Michigan State University mathematics
coursestaken by Core-Plus graduates. The existenceof that decline is statistically signi�cant at
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a level seldomseenin studiesof this kind. The declinein courselevel is accompaniedby a decline
in averagegradesfor all but the very top students, and a decline in the percentagesof thosewho
eventually passeda technical calculus course. These trends occur in data that include students
from a variety of communities. The data from individual high schools show that the timing of
thesedeclinescorresponds preciselywith the implementation of the Core-Plus program.

Overall, this study corroborates the concerns raised in previous studies of the Core-Plus
program. While the attribution of causality is impossiblein this study, the results are compelling.
Except for some top students, graduates of Core-Plus mathematics are struggling in college
mathematics at Michigan State University. The evidenceshows that they were strikingly less
well prepared than both graduates of the control high schools and graduates of their own high
school before the implementation of Core-Plus mathematics.
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Notes

1This statistic usesthe notion of `pro�cient' identi�ed by the National Assessment Governing
Board as the level that all students should reach.

2This description is taken from the website of the Core-Plus program.

3The fourth year of the program was not implemented until the 1998-1999school year and
the Core-Plus Course3 was later modi�ed to include more algebra.

4These�gures are cited in an NSF grant proposal by the Core-Plus Mathematics Project.

5Coxford was one of the Principal Investigators of the original N.S.F. grant awarded to the
Core-Plus project.

6According to U.S. News and World's American's Best Colleges2003 (pages82-84), 69% of
University of Michigan freshmen(verses26% of MSU freshmen)comefrom the top 10% of their
high school class.

7 During the yearsof this study about 40%of incoming freshmenplaced into CollegeAlgebra
or the Tier 5 course.

8For technical details about this model, see(Agresti, 1990, Chapter 5) or (Stapleton, 1995,
Section 8.4). The calculations were done using the glm function in the statistical packageS+.

9Here is a more technical description of the model. Let X ij be one of the 6 � 4 matrices
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that give the enrollments for the Core-Plus or the non-Core-Plusgroup (the actual enrollments,
rather than the percentagesas in Table 1). Let X j be the j th column and let n j be the sum of
the entries of X j . We assumethe columns are stochastically independent and that each column
has a multinomial distribution, Yj � M 6 (Pj = (p1j ; : : : p6j ); n j ). Here, the pij are probabilities
and p1j + � � � + p6j = 1. The expected value of the j th column is a vector m j = E(X j ) = n j Pj ,
and we let m be the 6 � 4 matrix m = [m1 � � � m4]. Let � be the 6 � 4 matrix obtained by taking
the natural logarithm of m component-wise.

The model approximates � as a linear combination

� = log(m) � � 0 I +
5X

i =1

� i Ri +
3X

j =1


 j Cj + � D

where I is the 6 � 4 matrix of all 1's, R i is the 6 � 4 matrix whosei th row is all 1's and all other
entries are 0, Cj is the 6 � 4 matrix whosej th column is all 1's and all other entries are 0, and
D is the outer product [0� � � 5]T [1� � � 4] (which is a 6 � 4 matrix that represents the interaction
between the rows and columns). The data determine estimatesof the parameters � 0; � i ; 
 j and
� . The number of real interest is the \log-odds-ratio" � , which is a measureof the drift away
from no change in the entries.

10Let �̂ CP (resp. �̂ nC P ) denote the estimated drift for the Core-Plus (resp. non-Core-Plus)
data, and let � CP (resp. � nC P ) be the corresponding standard deviations. Then the z-statistic
is

�̂ CP � �̂ nC Pq
� 2

CP + � 2
nC P

�
:1335+ :0276

p
:0392 + :01112

� 3:97

corresponding to a p-value of .00007.

11The z-value is � 2:84, corresponding to a p-value of :0046. The � 2 statistic on �v e degreesof
freedomis 7.07, which meansthat the model �ts the data well.

12The � 2 statistic for a test of the null hypothesisof equalproportions amongthe �v ecategories
in Table 6 was 38.4 on four degreesof freedom,with corresponding p-value 9 � 10� 8. This large
� 2 value was causedprimarily by the relative small frequenciesin the Tier 1 and "PassedTier 1
sometime" categoriesand the large frequenciesin the Tier 4 & 5 category in the 98� 00 data.

13Although we obtained data for the classof 2000, we omitted it from the analysis because
CP2 reinstated traditional mathematics coursesas an option in fall of 1999,so was no longer a
\pure Core-Plus school".

14Of the �v e University of Michigan coursesin the Coxford study, all but the lowest correspond
to Tier 1 coursesat MSU, and freshmenin the three higher coursesnecessarilyhad AP Calculus
credit. The Coxford study looked only at thosestudents who took mathematics in their freshman
year at collegeand included gradesfrom both �rst and secondsemestercourses.
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