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vl SUMMARY:

Students in CSMP sre better able than comparable Non-CSMP students to apply various
problem solving processes, such as using patterns and relationships. This claim is based on
comparative testing at each grade level from grades 2-6 involving an average of about 60
classes per grade, using Analysis of Covariance on class means. Additional analyses st the
school, district and student level, and by sex and ability of students, support this cleim. CSMP
students also perform at least as well on the traditional arithmetic skills, a claim based on
Analysis of Covariance data from large numbers of classes in grades 2 to 6.

VI DESCRIPTION OF PRODUCT

The impetus for this program was the need to improve several shortcomings in mathematics
education: the static content of the eurriculum, the rote method in which it is us:ally taught,
and the leck of materials for teaching mathematical thinking skills to students. CSMP is an
elementary school mathematiecs program intended for regular classroom usage, which features

new content, the use of special pictorial devices, a spiral approach and en emphasis on problem

soiving through student materials and detailed lessons in the teacher's guides. The main
materials associeted with the program are as follows:

¢ Teecher's Guides at each grade contain a master schedule of activities and a detailed lessou
plan for each activity. There are between 2 and 6 guides per grade level ranging in length
from about 500 pages in Kindergarten to about 1800 pages in sixth grade.

® Student materials consist of worksheets to accompany individual lessons and workbooks,
which are l6-page booklets covering larger units of work. There are between 100 and 200
worksheets per grade and beiween 4 and 16 workbooks per grade, depending on grade level.

Claims of Effectiveness

1. CSMP students perform at ieast as well in traditional arithmetic sidlls as comparable
Non-CSMP students.

2, CSMF students, are better able than comparable nor-CSMP students to apply
the mathematics they have learned to new problem situations using processes involving:

Relationships and Number Patterns
Froduction of Multiple Answers
Mental Arithmeltic

Word Problems

Estimation

Number Representations
Pre-algebra

FPrediction




Intended Beneficiaries The program is intended for use in reguler, heterogeneously-grouped
classrooms and §s now the mathematics curriculum for about 55,000 students in over 100
school districts, inciuding use with gifted, Chapter 1, and non-English speaking students (though
no special claims are made for these populations).

Characteristics of Development Group Materials were developed on a day-to-day basis in
regular classrooms in ean fnner suburban St. Louis school distriet. The classes were near the
national average in achievement scores and and in raciel composition.

Resources Required The program is to be taught by a repular classroom teacher and to be
supervised by a locally-designated coordinator, most often a distriet mathematics supervisor.
No other personnel are required, nor is any special equipment or facility beyond the normal
classroom. Depending on grade level, between 6 and 30 hours of training are highly recom-
mended (although not required) and training arrangements are determined by the local distriet.
A network of qualified "turnkey" trainers is avaflable to adopting sites if desired.

Typical personnel training costs range from $0 per teacher (for example, when the coordinator
conducts the training fn two regularly scheduled staff development days, folowed by monthly
two-hour in-school sessions) to approximately $350 per teacher {for example, when & consultant
conducts a one-week workshop for teachers who are paid a daily stipend).

The epproximate costs-per-student of all materials, based on present, moderate-sized printing
runs, are shown below for kindergarten, grades 1-3 (average) and grades 4-6 (average).

Table 1
Materials Costs Per Student.
Instaliation {Year 1) Subsequent Years
K 1-3 4-6 K 1-3 4-6
Teacher Materials $1.50 $2.30 $3.70 —_— — —_
Student Materials $3.70 $6.20 $7.10 $3.50 $5.60 $6.70

In addition, beginning in fourth grade, one hand calculator is recommended for every two
students. Calculators can be drawn from existing schoo! supplies, purchased separately, or
provided by students themselves.

VIII DESCRIPTION OF EVALUATION DESIGN

General Evaluation Aectivities

The evidence presented was generated by CEMREL'S Mathematics Research and Evaluation
Studies (MRES) profect, which operated and was funded independently of the CSMP development
group. Its mctivities were monitored by an external Evaluation Panel chaired by Dr. Ernest
House. A 50-volume Evsaluation Report Series describes the complete set of evaluation data.

The initie} phase of the development cyecle of CSMP materials at each grade level culminated in
a printed Experimental Version of the curriculum. The materials were then tried out for two
years in that grade in what were called " Extended Pilot Tests ". The first year of each
Extended Pllot Study focused on a small number of classes in the St. Louis region. This trial
was used to obtain preliminary evaluation results and to develop evaluation procedures and
instruments, In the second year of the Extended Pilot Test, larger numbers of classes in meny
geographic locations were tested.

Experimental Design

During the second year of the Extended Pilot Tests the curriculum wes used in regular
classrooms under normal conditions. Materials and training costs were borne by participuling
districts who agreed to cooperate in data gathering activities.
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Participating schools began using CSMP materials in the lower grades. The most common
strategy was to begin all their kindergarten or first grade students in CSMP; in each
succeding year those students advanced one year in the curriculum while new groups started
CSMP from that first level. Thus, in the later grades, teachers did not volunteer for the the
program but more or less “inherited" it and their CSMP students from the previous grade
level. For most of these teachers, teaching in the Extended Pilot Test was their first
experience with CSMP. They received training during the summer or early fall, through either
a CSMP-run workshop or a workshop conducted on site by the local CSMP coordinator.

The design of the testing progrem weas comperative in nature. Control eclasses were selected
jointly by CEMREL and the participating districts. Since CSMP was being used at a given
grade level throughout the school, control classes were chosen from another nearby school
with similar students and teachers. In some cases, particularly in sixth grade, the program
was being used district-wide and control classes were not available from within the distriet.
In such cases they were selected from CSMP schools in other distriets, but where CSMF was
being used only at lower grade levels and had not yet reached the grade level being tested
(that is, the control classes had no previous CSEMP experience).

CSMP students usually had been studying CSMP since at least first grade while at the same
time the Non-CSMP classes had been using their distriet's regular mathematies curriculum,
which was almost always a commonly used math series from one of the large text-book
publishers.

Testing took place in May each year, using standardized math tests and/or the MANS Tests
{see next page). Included in the testing program was a standardized reeding test whose scores
were used as a covariate in the analysis. Class mean scores were calculated and en Analysis
of Covariance was performed on the cless means. Students who had entered the program
after October, whether CSMP ar Nom=-CSMP, were excluded from this main analysis.

A total of 27 school districts participaled in these comparison studies, at least 9 per grade
ievel with some districts participating at more than one grade level. These 27 districts were
distributed as follows:

Tvpe of Community Geographic Location
7 large city 7 east
12 suburban 8 central
4 medium eity 6 upper midwest
4 small city /rural 3 south
3 west

The number of classes participating et each grade level is shown in Table 2.

Table 2
Participating Classes by Grade Level

Number of Classes Mean Reading Percentile Rank

CSMP Nom-CSMP CSMP Non-CSMF
Second 57 50 61 50
Third 42 a3 56 55
Fourth 3o 21 64 62
Fifth 3l 25 61 60
Sixth 26 a7 77 78

It can be seen that the CSMP and Non-CSMP classes were well matched in reading ability,
there being no significant differences between the two groups in any year.
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I)fa EVIDENCE OF EFFECTIVENESS FOR CLAIM 1

Table 3 summarizes all of the available data from mathematies computation tests in comparison
studies, grades 2-6. The adjusted class means were calculated using an Analysis of Covariance on
the class means with reading score as covariate. Separate studies were conducted in individual
districts in grades 2 and 3; districts were combined in grades 4-6.

Table 3
Comparison Data, Computation Tests
Number of Classes Number Adjusted Means Signif In
Grade Test CSMP Non-CSMP of Items CSMP Non-CSMP at .05 Favor of
2 CTBS 13 13 28 21.6 20.3 * CSMP
15 13 20.6 19.3 CSMP
6 6 20.5 18.6 CSMP
ETS Coop Priml 6 6 55 36.2 35.2 CSMP
Stanford Ach 6 6 percentile 47 52 Non-CSMF
ranks
3 CTBS 12 12 48 36.1 35.4 CSMP
15 12 35.B 36.8 Non-CSMP
7 8 37.2 33.3 * CSMP
ETS Coop Prim! 6 12 55 42.3 41.8 CSMP
4 SAT + MANS2 30 21 48 27.0 28.2 Non-CSMP
5 CTBS 31 25 48 34.9 34.3 CSMP
6 MANS Computation 26 37 34 27.0 26.7 CEMF

{modelled afler
stendard. tesis)

1Total Math; This test does not have & separate computation section
240 items from the Stanford Ach Test + 8 items on fractions from the MANS Tests

CSMP classes had higher scores in 9 of the 12 studies, including the only 2 significant
results. This supports Claim 1, that students in CSMP perform at least as well as Non-CSMP
students in traditionel erithmetic skills.

IXb EVIDENCE OF EFFECTIVENESS FOR CLAIM 2

The MANS Tesis

Introduction

The MANS Tests (Mathematics Applied to Novel Situations) are a series of short tests,
different at esch grade level, designed to &ssess some of the underlying thinking skills taught
through CSMP. They were developed by CEMREL because suitable standardized mathematics
tests for measuring such skills are not available. Development of such tests has been
recommended by both the National Assessment of Educational Progress (NALEP 1983):

"The very things that are difficult to teach are often difficult or expensive to
test. Educational leaders need to pressure test developers to inciude items that
reflect the higher level objectives of the curriculum.”

and by the Nationa! Council of Teachers of Mathematics (NCTM 1880):

"The evaluation of problem-solving performance will demand new approaches to
measurine. Certainly present tests are not adequate.”
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The MANS Tests use standard terminclogy and do not contain any of the specific language or
typical problem activities of CSMP. The tests use straightforward languapge and most of them
present mathematical situations which are unfamiliar to CSMP and Non-CSMPF students alike.

At each grede level, the MANS Tests consist of several short tests, each with its own
standardized directions which a specially trained tester uses in explaining the task and
sample items to the class. Liberal time limits allow almost all students to finish. For most
tests, students produce their own answers instead of selecting from given alternatives. The
reading requirements are kept intentionally low relative to grade level.

Rellability and Valdity

Developmental Procedures At easch grade level, there were two years of activities including
outside review; pilot testing in at least 5 local clesses; test and item analysis; and revision.

Coverage Standardized mathematies tests usuelly have 3 sections. Two of these, com-
putation and word problems, are explicitly covered in MANS, partielly through the "rental” of
standardized achievement subtests from publishers. The third section, concepts, is integrated
throughout MANS. The average number of mathematics items in seven leading standardized
tests (CAT, CTES, ITBS, MAT, SAT, STEP and SRA} is shown below. There esre at least three
times as many non-computation items in the MANS Tests as in the standardized tests.

Number of Computation Items Number of Other Items
Standardized MANS Standerdized MANS
Grade 2 i1 18 as 142
Grade 3 38 22 34 138
Grade 4 39 48 53 198
Grade § 41 54 54 237
Grade 6 4] 34 53 339

QOuiside Review During test development, ali tests were reviewed by the external CSMP
Evaluation Panel which included distinguished scholars in mathematies, assessment and
evaluation, and mathematics education. There were also reviews by education practitioners.

Reliability The reliability/internal consistency {(KR20 corrected by Spearman-Brown for an
equivalent 20-item test) was calculated for each of the 85 individual Mans tests. The reliability
was sbove .80 for 72 of these tests; between .75 and .80 for 10 tesis: and below .75 for 3
tests (.68, .71, and .72). The medien KR20 was .86, Correcting for an equivalent 30-item test,
a more usual number for standardized tests, produced KR20's above .80 for 83 of the 85 tests.

Correlations with Other Measures The median correlations between Reading scores and Total
MANS scores were .60, .57, and .56 for grades 2, 4 and 6 respectively. The median correlations
between standardized computation scores and Totel Mans scores was .63. The median cor-
relations between Total Mans and teacher estimate of student's problem solving ability was .58

Student end Teacher Ratings Mean teacher ratings of importance of individual MANS tests,
collected in 4th and 5th grades, were 4.3 and 4.1 on a 5-point scale. Mean rating of how well
students lked individual MANS Tests, collected only in 4th grade, was 3.0 on a 4-point scale.

MANS Categories Individual MANS Tests are grouped into categories according to
mathematical process considered by the CSMP Evaluation Panei to be generalized processes
aeppropriate to problem solving at the elementary grades. Several of the basic goals espoused
by both the National Council of Teachers of Mathematics and the National Council of
Supervisors of Mathematies, including "using mathematics to predict”, and "estimeation and
approximation" are included as MANS categories but do not appear in standardized tests.
The next page lists the MANS categories and shows sample items from each categnry The
actual student format was much more extensive and was preceded by standardized directions
and sample items explained by the tester. Items in the Estimation category had short time
litnits. A few item tvpes were repeated, with different flems, in two or more grades.
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- Catég_ory

Sample of MANS llems by Grade Level

Scecond Grade Fourth Grade 8ixih Ciradce
i -~ 10 Will 70t dn jn mhy of Ve boxca? Which is lerger? 52 or 5/4
l::; va]ﬂ]l?]lillll.lcn 0.9 or 011111
Number 6 - 1 Kame a frection (decimal) 1hat is:
Patterns, larger than 1/3 bul amaller than 1/8
Relation- What are (he missing numbers? larger than 0.2 but smaller than 0.3
ships which is Larper? t, 50, 7, 200, 400, BOO
BH5 + 250 or 5HB0+2W0 Label the missing numbser
What is the misaing number? SN ! 0 )
24, 25, ¢ , 19, 16, 13 Vg lj
+*
o)
[
Write # Sentences sboul 6 Take out 3 balls logelher
Multipte a=%-1 Add 1o get tota) score
ARSwWers Bx=Y+ 41 Give all possible scores
B=2x4
Hit = gain 5, miss = lose } 12 x 75 = 800
Mental 00 - ¥ = 250 siari with : 3 below zero 13 x75= 1
Arilh end with : & above zeto scraich work
# of misses : 2 172 x ? = 40 notl allowed
#of hib : 1Y 075 - 05= 17
Two-stage Three-slage
word . . . .
Problems One-slage, wilh pictures, Miscelianeous dala Word problems with fraclions, decimals
and read to the students
Word problem approximations Novel ward problems
8 1/2 & B iss <1 or =1 ar )
EslLimalion 80 - 12 is in which interval 602 is sbout ¥ as large as 2987
0-1¢ -~ 50 - 100 - 50OY 2, 5, or 10 Umes Whirch interval contains 1.002.5 ¢ 21.67
¢ - 1 - 10 - 20- 50 - J0uY
How wuny inclws? Which are cquivalent io /37
Write "lwo thousand, eleven” | o 2/6 1131 3/15 4712 BO/1507
Kumber 100 mare than $01 is Y Ell]tlllll]]lllj Which are eqovalent to 3/4%
Il:.pn_esen- 0] s Ji .E i ..;. 2 _; 3 .i. ¥ 0950 0075 075 7.6 507
I'ut an arrow al 1.35 in
Name the 2pd largest 4-digil I i ' I |
number using ondy 2, 5, 7, §? 0 i 2
Spin bolh spinners together qB
Spin 100 limes How olten is Lhe total > 9 @
Predicting {4th and 6Lh grades only) How often is the score 27
From which box should you make & bling draw
&
L) L
® L oo =
®® oe ol g -]
Q=142+ 2 »Or® ~ OO
Pre-a!gebral If Kk ¢« 2+%+7=13 then k = ¥

{sixth grade only)

Apply transformstions - guomelric rotations
and/or symbol reversals - lo verious figures

Ifges5, thwn2 x g =7




Sixth Grade Results

Pata will be presented in detail for Lhe sixth grade in order to show effects on students at
the end of the CSMP curricuium. Then there will be o sherter prasentation of data from the
earlier grades to show the consistency of the findings across districts and grade levels.

Analgsis of Class Means

Because the treatment, CSMP, was administered at the eclassroom level, class means were the
primary unit of analysis (though student level data is also shown, next page). Table 4 shows
adjusted means across the 26 CSMP and the 37 Non-CSMP classes for each MANS category
from the Analysis of Covariance on class means, with the Gates-McGinitle Vocabulary Test
as covariate. The adjustment in means due to differences in vocabulary scores between CSMP
and Non-CSMP classes was always small, less than 1%. Also shown is the effect size (the
difference in class means divided by the standard deviation of the control means).

Table 4
Summary Class Mean Data, Sixth Grade

Adjusted Means p-value Effect (difference in adj. means -~

MANS Category CSMP Non-CSMP (1,60) Size stand dev of control means}
Relations, Patterns 46.1 40.3 .01 1.00
Multiple Answers 38.8 31.9 01 .91
Mental Arithmetic 31.5 28.3 01 .63
Word Problems 15.1 13.6 .01 .06
Estimation 24.4 22.5 01 41
Number Representations  28.8 26.3 .01 .38
Pre-Algebra 30.0  27.5 01 47
Predicting 15.2 13.9 .01 .52
Total MANS 229.9  204.3 .01 .63

It can be seen that CSMP classes had higher scores than Non-CSMP classes on all categories
and this difference was significant at the .01 level each time. Figure 1 shows the
performance of these 63 classes in graphical form. Each entry represents a ciass, with
average MANS score plotted against vocabulary score. The regression line on the graph is the
best linear predictor of MANS score for as given Vocabulary score.

. 4 ! = g..
. Total MANS : | . _
, ) K" "o I
L .x
11/ I
;' { - I . Vocabulary

Fig 1. 6th Grade Class Means
{(x = CSMF’ class, 0 = Non-CSMP)
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Other Levels of Analysis

-Figures 2 and 3 show school and district means. Each entry represents a school or district,
with MANS score plotted against Vocabulary.

N, Total MANS . ox. % x A Totst MAKS
N " ue P *‘/ A | 1'—‘
R S - A T |
] x ;4 - '
' X L,
. J/ L
: : Vocabula
. Vocabul oy
ag i RN
Fig 2. 6th Grade School Means Fig 3. 6th Grade District Means
(x = CSMP school, o = Non-CSMP) (x = CSMP district, o = Non—-CSMP)

Figure 4 and Table 5 show student level data. In Figure 4, students are grouped into
quartiles according to their percentile rank on the Vocabulary test. Average MANS scores are
shown separately for each quartile of CSMP and Non-CSMP students. Table 5 shows MANS
scores according to sex of student, These various data show the advantage of CSMP for
classes and students at various ability levels and regardless of sex,

Table 5
MANS Scores by Sex of Student
Boys
CSMP 160.4
Non-CSMP 147.3

Girls:

CSMP 154.3
Non-CSMP 140.0

Vog;bulary

Fig 4. Student Means Grouped by Reading .
(x = CSMP students, o = Nor~CSMP}

CSMP "Gradusates’

Since the CSMP development has only recently been eompleted, there have not been many
"graduates”. However, ohe study was conducted in the largest CSMP site in the St. Louis
area. Seventh grade math teachers, inexperienced in teaching CSMP, were asked to rate their
students, who were mixed former CSMP and Non-CSMP students. Students were rated on:
participation, motivation, creativity and problem solving, and practical applications. The
mean edjusted composite rating for the 55 former CSMP students was 12.1 versus 11.3 for
the 210 former Non-CSMP students. This difference was significant at the .20 level, a
sugpestive difference given the usual unreliability of such subjective measures.

In eddition, former CSMP students had higher mathematics grades for each querter, the
adjusted means being 3.9 versus 3.6, 3.8 versus 3.5, and 3.7 versus 3.5 (where A = 5, B = 4,
ete.). The first two ditterences were significant at the .05 level, the other at the .10 level.
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f;ducational Significance

In nrder 1o assess educational significance, CSMP students' performance on the MANS Tests
was compared with similar gains on standardized tests. Using eftect size on studeni level
data, the CSMP advantage was .37 raw score standard deviations. On the five leading
standardized tests for which this data was available,an increase of 1/3 of a raw score
standard deviation corresponds {0 an improvement from the 50th percentile to an average of
the 61st percentile, and from the 75th percentile to about the 85th percentile. If one
translates the results into simple percentage terms, the gain i from the 50th to about the
63rd percentile.

The size of the CSMP eadventage on the MANS Tests is also roughly compareble to two
findings of national significance. First, the 40-point decline in the Mathematies sectlion of the
Scholastic Aptitude Test from 1963 to 1970 is equivalent to ebout 5 items on a 60-item test,
or less than 1/2 of a raw score standard deviation. Second, the “most salient finding” of the
recent national assessment in mathematics (NAEP 1983) was that "13-year-olds have improved
dramatically between 1978 and 1982” (the improvement was about 3 percentage points) and
that "of particular significance is the 8 percentage point gain for 13-year-olds in heavily
minority schools.”

Thus the CSMP adventage on the MANS Tests is en educationally significant result in {tself
but more so because of the nature of the MANS Tests which are based on epplications of
mathematics to novel situations. Also described in the 1983 nations! assessment report

is the difficulty of making improvements in this area (NAEP 1983

“"With one exception, there was very little change in problem solving performance
between 1979 and 1982, The one exception is that 13-year-olds showed signiticant
growth in solving routine problems -~ i.e., word problems of the type usually found in
textbooks and practised in school...Most of the routine verbel! problems can be solved
by mechanically applying a computational algorithm...Even the 13-~year-olds, who made
significant geins on routine probiem solving, showed no change in their performence
on nhon-routine problems.”

From the same report, in a discussion of the major implication of the findings:
"Schools are doing a good job of teaching mathematical topics that are relatively easy
to teach ... there was very littie change in topies that are relatively difficult to teach,

such as non-routine problem solving....Chenges at the higher cognitive levels will occur
only when higher-level cognitive activity becomes a curricular and instuctional focus."

Results from Other Grade Levels

Table & shows summary MANS dats for grades 2-5. Adjusted means are given; the size of the
adjustment due to differences in reading ability was slways small, the largest being 1.1 %.

Table 6
Summary Class Mean Data, Grades 2-5
Adjusted Means Signifl Number of Categories Number of Categories
Grade CSMP Non-CSMP at Tested Significant (p < .05)
2 75.3 66.5 .01 7 6
3 46.2 B5.4 01 7 5
4 112.7 96.1 .01 7 6
] 147.8 131.7 01 8 7

1 F-tests with 104, 74, 48 and 53 degrees of freedom respectively.
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= = Non-CSMP.
show graphs of class means for grades 2-5; X = CSMP class, o = N

Figures 5-8 x
~
Total MANS
| /N Total MANS
|
!
o’
. X
|
e } X P
: —"o I i _Z
/ ! ’ L3
V4 LN . X // r Vocabulary
. i Vocabulary ' _
A T [vocabates ) |
Fig. 5. Second Grade Class Means | Fig. 6. Third Grade Class Means

A ‘ ’ . i - —_ o
Total MANS xi / ,F—'rom MANS
x
. N f;! N

|~ -

: 1., ) I . _ - o djng !
< Cr bt : ‘Reading x A ‘ Rela oy
- I% 7\

Fig. 7. F h Grade Class Means Fig. 8. Fifth Grade Class Means

Figures 5-8 illustrate the consistency with which CSMP classes outperformed comparable
Non-CSMP classes. Other analyses at these grade levels show a simfilar eonsistency when the
data are analyzed at the individual student level by reading score, sex of student and teacher
estimate of student's problem solving ability. Joint research studies between CEMREL and
individual districts, conducted at various other times, uniformly produced differences in favor
of CSMP, with the difference reaching significance in 7 out of the 9 studies.
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