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Thisreport isthe penultimate review of student outcomes in courses devel opal
unde the augices of the Mathematics Across the Community College Curriculum
initiative. Since 2005 160 community college faculty comprising 59 interdisciplinary
teams from 36 collegesin 19 states have participaed in five MAC? ingitutes where they
were provided thetime and resources to create curricular materials linking mathematics
with another discipline Throughthese courses "community college students throughout
thenaion[are] offered oppatunities to degpen and reinforce the mathematics they have
learned in thar math classes, apply it in context, and undestand its greater importance
and applicationin ther lives." Thegod of this effort is "to create a mathematically
literate sodety that ensures a workforce equipped to compete in atechnologically
advanced globd econony."*

Theteams who created and taughtthese courses represent the full rangeof
disciplinary offerings theresulting courses thuslink mathematics with topicsin science,
sodal science, humanities, vocationd and study skills courses. Table 1 bdow
summarizes the project activity to date. Note that althoughthe courses offered in the
200506 academic year were necessarily theresult of work doneat the 2005 Summer
Inditute, some courses offered in later terms represent work tha was donein earlier
years. A nunmber of faculty members attended more than oneingitute and/or taughtthar

course more than onetime.

! This goal statement is taken from the MA C? website, http://www.mac3.amatyc.org/



TABLE 1. MAC?® Project Activity, 2005 - 2008

SUMMER FALL WINTER/SPRING
Institute | Summer Institute, WA
48 participants from
2005- 11 colleges in
2006 7 states
Courses 5 courses 10 courses
87 students 174 students
Institute | Summer Institute, WA Winter Institute, FL
39 participants from 31 participants from
2006- 14 colleges in 10 colleges in
2007 11 states 7 states
Courses 10 courses 7 courses
181 students 79 students
Institute | Summer Institute, WA Winter Institute, FL
40 participants from 40 participants from
2007- 12 colleges in 14 colleges in
2008 9 states 9 states
Courses 12 courses 13 courses
166 students 170 students
2008- | Institute | Writing Workshop
2009 12 participants from
6 colleges in
6 states
Courses (14 courses presently
scheduled to run.)

The Evaluation Process
Theresults reported here are based on matched pre- and pog-survey responses
provided by 850studentsin 57 fully evaluated MAC?® courses that have runsince Fall
20052 (Because notall MAC? courses were fully evaluated, the number of students who
paticipated in all MAC?® coursesislarger than the sample represented by the evaluaion
results, perhaps by as much as afactor of two.®) TheMAC® student survey, developad
by the MAC? Steering Committee in 2005, indudes 21 pre-pod items aboutmathematics

2 To beincludedin the overall amalysis, a course hadto be represerted by atleas four matched
surveys. Same coursesthat returned both pre- and post-surveys failed to meetthis number,
apparertly because studerts did not include their idertifi cation numberscorrecty on both
surveys. Same coursesreturnedonly apre- or a post-survey for the ertire class ard could not be
includedin the analysis for thatrea®n. Same courseshave beentaught more thanonceand are
countedasa course for eachevaluatediteration.

3 Estimating from the number of unmathed surveys, the number of courseswith who returned
only pre-or post-surveys and the number of coursesthat ranbut returned no surveys.




attitudes. The pod-survey also indudes student self-evaluaionsof content learning and
math skillsgans Thepre-pod attitudeitems are rated on a five-point continuous
respon scale with optionsranging from QL = strongly disagreeOto (b = strongly agree.O
These items measure changein studentsQinterest and confidence in doing mathematics,
thar conacept of mathematics, thar awareness of the role of mathematicsin sodety, and
thar attitudetoward interdisciplinary teaching. (Thesurvey isinduded as Appendix 1 of
thisreport.) Onthe pod-survey, students also assess how well they unde'stand main
topicsin the course and how much they gained in math skills usng similar continuous
five-point scales, where "1 = Not at al" and "5 = A great dedl." Questionsaboutcourse
content are created by each interdisciplinary team and are thusspecific to each course;
the pre-pog attitudequestionsand the self-assessed skills ganscommonto all courses,
To smplify andysis and reporting, four congructs were extracted fromthe 21
attitudequestions  These condructs combine questionsthat reference ashared
undelying theme (as evidenced by strong correlation of responss across theitems) into
asingle measurement. Thus for example, students who agreed with item 2, O am good
at mathOalso tended to agree with items 9 (Q enjoy doing math, 14 (Q am contortable
talking aboutmathQ, and with six other items that indicated interest and confidencein
doing math. Students who disagreed with oneof those items also were likely to disagree
with all. We condudethat, taken together, these eightitems all reference thetheme O
like math,Oand can be combined in the Onterest/confidenceOcongruct, which isthen
treated asasingle variable. Similarly, items 1, 4, 15and 17 all refer to an "awareness' of
therole of mathin everyday life. Items7, 8, 11and 16, the"conaept’ condrudt, do nat
at first glance suggest asingle theme, althoughthey are highly correlated statistically.
Items 7 and 16 ask about perseverance and taking multiple approaches in attacking math
problems, while items 8 and 11 ask whether students use (or plan to use) math outside
school. We have chosen theterm "conaegpt” because these items all quey whether
mathematicsisrigid system and hence not applicable to ungructured (red life)
applicationsor aflexible onewith uses outsidetheclassroom The"interdisciplinary”
factor indudes two items (6 and 12) tha refer to the efficacy of interdisciplinary learning.



Thecongrucs' are listed in Table 2 bdow. Responsto Item 3 ("If oneway of
solving a problem doesn't work, | try another method."), Item 5 (Mathematicsis facts,
rules and formulas to be memorized,Q and Item 10 (Estimating is part of doing
mathematics.") did notcorrelate closely enoughwith any of the congructsN or with each
otherN to beinduded. This does not mean tha those questionsare unimportant or
uninteresting, only tha they do notappear to reference directly any of thethemes
expressed in thefour congructs extracted.

TABLE 2. Survey Constructs®

INTEREST/CONFIDENCE

2. 1 am good at math.

9. I enjoy doing mathematics.

13. | want to learn more math.

14. 1 am comfortable talking about mathematics.

18. | feel comfortable asking questions in my classes when | don’t
understand things about math.

19. I am going to study more math.

20. In mathematics | can be creative and discover things for myself.

21. After I've forgotten all the formulas, I'll still be able to use the ideas I've
learned

MATH AWARENESS

1. Many things | use every day were designed using math.

4. Sometimes | see things outside of school that make me think of math.
15. Sometimes | think about math without meaning to.

17. Lots of things | do every day involve math.

CONCEPT OF MATH®

7. If | can’t get the idea of a problem right away, | probably can’t get it.

8. 1 don’t need a good understanding of math to achieve my career goals.
11. I rarely use math outside school.
16. Math problems can be done correctly in only one way.

* The validity of a construct is based on the strength of the correlation among the constituent items. Perfect
correlation among the items would result in an alpha measurement of (1.0,0total independence in a
measurement of M.O An alpha of .7 or greater is considered astrong association. The alphas for the
constructs here are: pre-interest = .86, post-interest = .89; pre-awareness = .75, post=awareness = .77; pre-
concept = .76, post-concept = .81; pre-interdisciplinary = .73, post-interdisciplinary = .79.

® The "Concept of Math" factor has been redefined this year, excluding two items that were previously
included (items 3 and 10). Although the six-item factor had acceptable reliability (pre- alpha = .68), the
four-item factor is both more cohesive and more explanatory. In the six-item factor, items 3 and 10 showed
almost no pre-post change, while the other four items showed very significant changes in the undesirable
direction. The new factor includes only the four itemsN 7, 8, 11, and 16N that posted large declines.



INTERDISCIPLINARY LEARNING

6. Doing math in another subject makes the other subject easier to learn.
12. Doing math in another subject makes the math easier to learn.

In creating the condructs, and for al othe andyses, all statements have been
scored so that the desired respons is Oand the undesired responge is 4.0 For most
items, this meanstha Gtrongly agreeQis given the value of GOand Gtrongly disagreeO
thevalue of .0 But for items that are negaively phrasedN 5, 7, 8, 11 and 16N where
the desired answer is Gtrongly disagree,Othat scale is reversed, and Gtrongly disagreeO
is scored as 3.0 This meansthat in this andysis higher values always indicate a more
desirable outcome.

Survey andysisis based on the comparison of pre-pog attitudechangefor
individud students. StudentsQpre- and pog-surveys were matched usng their student
identification numbers. Surveys from students who were not present on both days or who
did not enter thar identification number correctly on both surveys could notbe utilized in
theandysis. A high percentage of surveys from mog courses were matched, so we can

be confident that the comparative results are representative.

Survey Demographics
850studentsin 57 MAC?® courses completed both the pre- and pog-survey. This
andysisis based uponresults from those 850 sets matched surveys completed over the
course of three academic years. Over 60% of the sudents in these courses were women
and two-thirdswere under theage of 22. ThemajorityN 62%N identified themselves as
"Caucasian/white." Table 3 bdow presents the demographic daa for studentsin the

sample.



TABLE 3. Gender, Age and Ethnicity of MAC® Students

GENDER N =850

%
Male 37
Female 63

AGE
18 - 22 67
23 -30 20
31-58 13
ETHNICITY
African American/Black 8
Asian/Pacific Islander 7
Latino/Hispanic 17
Native American 2
Caucasian/White 62
Other 4
Survey Results

Thegod of the MAC? project is to improve student learning in mathematics, an
outcome tha dependsin some large pat on achieving favorable student attitudes toward
mathematics.” Thesurvey results reported here about attitudechangeand self-assessed
skills and learning gainsthusaddress this god directly, measuring improvement in these
areasin thestudent popuktion. In additionto this"summative" fundion, information
aboutchangein students math attitudes and skills and aboutlearning gansaso serve a
"formative" evaludionrole: they hdp usidentify circumstances tha seem to promote
success in these interdisciplinary courses and those that donot By comparing the
demographic and ingructiond characteristics of courses where students did very well

" This overarching goal is also advanced when MAC? principles are disseminated, either through MAC?
faculty participants applying those principles to other courses they give or through their recruiting other
faculty members at their colleges to try these strategies. This aspect of the project will be addressed in the
final report.



with those where they did less well, we can identify conditionstha correlate withN and
those tha appear to beirrelevanttoN stronge student results.
Thediscussion of survey resultsthushastwo parts. Thefirst, Student Outcomes,

presents overall student attitude skills and learning results. The second, Indicators of
Success, compares results among courses to identify factors tha appear to lead to more
effective interdisciplinary teaching. It isimportant to be aware that factors which are
correlated with lower performance in this sample are not necessarily bariersto
successful interdisciplinary teaching, but they may require compensatory thoughtand
strategiesin order to mitigate their impact.

Survey Results: Student Outcomes

Pre-post attitude changes. After completingaMAC? course, surveyed students
showed statistically significant gainsin ther interest and confidence in mathematics, ther
awareness of math in thar lives, and ther appreciation for interdisciplinary learning.
They poded asignificant decling, however, in the"conaept” factor, which indexes thar
undestanding that math is not rote procedures to be used in the classroombut a flexible
strategy for solving problemsin many arenas. Figure 1 displays the pre-pod changein
thefour mgor factors graphically. Table 4 presents the same results in tabular form.



FIGURE 1

CHANGE IN STUDENTS' MATH ATTITUDES

Pre-post change in construct means
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Based on matched pre-post surveys from 850 MAC3 students.
TABLE 4: Change in Math Attitudes
(N = 850)
Pre-post change in construct means
CONSTRUCT MEAN STANDARD MEAN PRE-
DEVIATION POST
CHANGE
Interest/confidence pre 3.26 .79
Interest/confidence post 3.34 .85 +.08
Math awareness pre 3.41 .81
Math awareness post 3.49 .86 +.08
Interdisciplinary learning pre 3.16 .89
Interdisciplinary learning post 3.27 97 +.11
Concept of math pre 3.53 57
Concept of math post 3.34 .70 -19




These results are strongand consstentN survey outcomes have varied little since
thefirst roundof coursesin 20052006. Significant gansin interest in mathematics,
awareness of mathematics in theworld aroundthem, and an undestanding tha math is
conneted to other disciplines provide solid evidence tha themain gods of the MAC?
project are bangmet. It istelling tha thetwo survey items showing the greatest gans
were those tha directly reference interest and confidence in math, arguably theattitudes
tha more than any otherslead students to continueto study and use mathematics. Item 2,
"I am goodat math," poged an oveal gan of .15, and Item 9, "I enjoy doing
mathematics," showed a.14incaease. (Pre-pod vauesfor al 21 itemsare foundin
Appendix 2.) We can condudetha student participaionin MAC? courses appears to
promote interest in mathematics and degpen mathematical undestanding in ways tha
will contribute to a more mathematically literate workforce and socety.

Thefourth factor, "conagpt,” has shown a significant pre-pog decline popuation-
widewith every survey iteration. A closer look at theresults, however, reveals tha
courses where math or science was the primary discipline (accouning for 58% of the
MAC?® popuktion) pog asmall overall increase on this factor, while courses where sodia
science, humanities, professiond/vocationd skills or study skills was the primary
discipline poged overall declines® These latter were all courses where themath
component comprised less than 25% of thecourse. Unde these circumstances, where the
mathematics infuson was modest and tightly focused, it is notsurprising that students did
not acquire the degper undestanding of mathematical process queied by items 7 and 16
(thefact that there are multiple approaches to math problems and oneshould keep trying
to findthem). Butitissurprising tha students awareness of theimportance of math in
future careers seems to diminish. TheMAC? initiative is motivated by thebdief that
mathematics is important to all contemporary occupaionsN indeed, the point of
induding mathematics in disciplines not conventiondly linked to math is precisely to
showtha al fields and by implication all careers, require mathematical competence. It
isdisappointing, therefore, to find tha this realization appears less strong after students

8 The difference between the pre-post difference in the concept factor scores of courses where math or
science was the primary discipline and that score for all other coursesis statistically significant.



have completed MAC? coursesin soda science, humenities, vocationd/professiond and
study skills. Another explanation for the pre-pog declinein these items amongthis
groupistha after an interdisciplinary math course students changether career
aspirationsin adirection tha they bdieve avoidsexposure to math. Neither isadesirable
scenaio.

It ispossible tha when math isingserted into acourse in atime-limited and tighty
focused way, ingructors tend to emphasize formulaic ways of problem-solving. This
could have the unintended consequence of undemining the notiontha math is open-
ended and widdy applicable in careers and redl life. Faculty members should beaware
of this possible interaction and take painsto remind students aboutthe widespread
requirement for mathematical abilitiesin theworkplace.

Self-assessed skills gains. Students are asked on the pog-survey to assess thar
gansin undestanding, problem-solving, and attitudes toward math as aresult of ther
work in theMAC?® course. Following thequestion, "To what extent did you MAKE
GAINS in any of thefollowing as aresult of what you did in this class," students are
asked to rate seven items on afive-point scale where 1 = "notat al" and5 = "a great
dedl." If we assumethat the psychologically salient midpoint of thescaleis"3," so that a
respong of "3" represents the expected gan in any course, then responss above"3"
would indicate a greater than standard gan, whilearespon less than "3" would reflect
less than expected progress. As Figure 2 and Table 5 show in graphic and tabular form
respectively, MAC? students bdieve tha they made notable gansin all areas except
enthusasm for math. They recorded the strongest results in mathematical
comprehensonN undestanding conaepts, thinking throughand solving problems and
being comfortable with complex idess. Studentsin learning communities poged
significantly better scores overall on skills gans with a mean score of 3.4, compared to
3.1 for courses with modules of any size. There were also significant differences
according to the primary disciplinein theinterdisciplinary pair, with studentsin math
courses scoring significantly better than those in studylife skills courses. Takenasa
whole, these are commendable results, reinforcing the condusion tha the MAC?
initiative is achieving its gods.

10



FIGURE 2

Mean

GAINS IN MATH SKILLS

Extent to which students said they made gains in...
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Scale: 1 = "not at all;" 5 = "a great deal."

Based on post-surveys from 796 MACS students.

TABLE 5. GAINS IN MATH SKILLS: ALL STUDENTS
N =796
Extent to which students said the made gains in...

MATH SKILL Survey mean Standard

(ona 1 -5 scale) deviation
Understanding concepts 3.39 .92
Thinking through a problem 3.52 .95
Solving problems 3.45 .94
Communicating about math 3.12 1.06
Confidence in math ability 3.08 1.18
Comfort with complex ideas 3.22 1.04
Enthusiasm for math 277 1.25

11



Course specific content learning. T0 measure actual content learning, course
ingructors identified three to six major mathematical concepts’ they hope ther students
would undestand after taking theér MAC® course. Students were asked to rate ther
content learning onthe same five-paint scale as their skillsgains(from"notat all" to "a
great ded") in responge to thequestion, "As aresult of your work in this class, how well
do you think you now UNDERSTAND each of thefollowing? *° Likethe courses
themselves, these content items ranged widdy, from items like fractionsand place value
in some developmental courses to manipulating vectorsin an advanced calculus course.
Althoughthe content items ranged from elementary math conacepts to sophisticated ones,
they are comparable across courses because in every case the chdlengethey represented
for the students was the same.

Agan assuming tha "3" isthe psychologically salient middle of the scale, so tha
values above"3" represent greater-than-expected gain, we find tha the mean content
score across al courseswas 3.7, suggesting that students felt they learned "alot" about
thematerial they were presented. There was no difference between courses where math
was pared with a science and those where it was combined with a non-science; the
content score was 3.73 in both categories. Nor was there a statistical difference among
thethree teaching formats (learning communities, modules condituting less than 25% of
the course, modules congituting more than 25% of the course) in terms of content
learning. Theonly statistically significant difference was between courses whose
primary disciplinewas categorized as "professiond/vocationd," whose scores were as a
groupthelowest (3.4) and the courses whose primary discipline was math, science or
sodal science (whose scoreswere 3.8, 3.8 and 3.9, respectively).™ Itisimportant to note
tha althoughthe math, science and sodal science courses scored highe than the
vocationd/professiond courses, all courses poged means abovethe scale midpoint,
indicating tha studentsin all categories of courses felt thar learning gansin the

interdisciplinay MAC® courses were solid.

° Where appropriate to the course content, afew instructors also included some non-mathematical
concepts, but al courses measured the mathematical |earning goals of their courses.

10| earned el sewhere" was also an option.

! Courses where the primary discipline was humanities had the highest scoresN 4.0N but the small number
of students involved (15) prevents this comparison from being statistically significant.

12



Conclusions: Student Outcomes. Inatime when technology and globdization
insure arapidly changing work environment, a mathematically competent workforce not
only requires individuds with themath skills needed for ther present jobs it also
requires individuds who are willing and able to acquire new skills as needed. To
determinewhether MAC?® courses were preparing students for this future, we measured
changesin attitudes toward math and gainsin fundamental math skills as well as actud
content learning gainsamong MAC® students. In every case, thefindingssuggest tha the
kind of interdisciplinary approach promoted by MAC? leadsto significant improvement
in these aress.

After aMAC?® course students showed increased interest and confidence in math,
agreater awareness of itsrole in thar lives and a greater appreciationfor the
interdisciplinary learning environment. All of these attitudechangesincrease the
likelihoodthat these students will continueto learn math in new and different situaions
Students in courses where the primary discipline was math or science, a scant mgjority of
MAC? students, also gained a deeper undestanding of mathematics as a process and
showed a greater appreciation of itsrole in future careers. Courses where other
disciplines were primaryN and where coinddently much less math was indudedN
showed declinesin processud undestanding and in awareness of therole of math in the
workplace. Whileit iseasy to undestand how these conaepts are sidestepped in short
and tightly focused math infusons and while degpening undestanding of them may be
difficult in such circumstances, ingructors would be advised to emphasize these idess,
editoridly if necessary.

MAC?® students also showed stronggansin basic math skills such as the ability to
think throughand solve problems, to undestand the relationships among concepts and to
feel comfortable with complex idess. In al butther enthusasm for math,* they showed
growth in the skillsthat will hdp them continueto learn and use mathematics.

Findly, studentsin all courses made solid gansin undestanding the
mathematical material of the course, whether tha involved, for example, place values and
fractionsfor developmental students, unit conve'sionsfor science courses, sopefor

12 0 the many four-year colleges where this survey has been given, this item has also always posted the
lowest score of the seven items. It may be that "enthusiasm™ is not an emotion that many students, even
those who like math, associate with mathematics.
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econonnics courses or vectors for calculusstudents. Coursesin all disciplinesandin all
teaching formats poged meansabovethe midpoint for content learning.

Thefact tha al three measures of student outcomesN attitudes, skills and
contentN showed gainsand that these ganswere, for themog part, foundin all
interdisciplinary combinaionsand with al teaching formats suggests that the
interdisciplinary, student-centered approach promoted and suppotted by MAC? indtitutes
and workshopscontributes effectively to creating a mathematically competent workforce.

Survey Results: Indicators of Success

Student outcomes daa not only hdp usundestand theimpact of teaching
mathematicsin an interdisciplinary context on student attitudes and knowledge they also
hdp usundestand how to do this better. Comparing survey outcomes by the
demographic and pedagogical variables tha might be expected to impact student results,
we can identify conditionsthat appear to affect student performanceN and those which do
not appear to influence outcomes. Thecomparisonis complicated, however, by thefact
that MAC® courses vary greatly in size (from 3 to 70 surveyed students) and thereis an
inverse correlation between size and survey results, so tha smaller courses pog
significantly highe scores than larger courses. When the courses are divided into equd
categories by size, we see tha studentsin thesmallest courses (12 or fewer students)
perform significantly better than studentsin larger courses (13-16 students, 17-30
students and more than 30 students). This meanstha nether andysis of survey results
by student nor by course yieldsafair representation of theimpact of the MAC® approach.
Andysis by student tendsto over-weightlarge courses tha perform less well than smaller
ones (e.g., acourse of 70 students contributes ten times as much to the outcome as a
course of 7 students), while andysis by course ove-weights the better-performing
smaller courses where sampling error islikely to be highe.

Therefore two anayses were conduded to identify conditionstha influence
survey outcomes, oneandysis by student and another andysis by ranked courses. Inthe
first, outcomes were calculated over theentire student popuktion (850 matched
individud pre-pod surveys). Inthesecond,courses were ranked into three groups
according to thar survey resultsN top, middle, lowerN and these groupswere tested to

14



determineif they were alike or different in terms of the variables we bdieve may
influence survey performance. Both andyses consder variables tha might reasonably be
expected to influence students peformance in amathematics course. Some are
characteristics of the students themselves. gende, age, ethnicity and the attitudes about
math they bringto the course (represented here by ther attitudesurvey pre-score). Some
are chaacterigtics of the course: theformat of the course (Iearning community, a course
where the math infuson comprises more than 25% of the course, a course where themath
comprises less than 25% of the course), the nature of thefaculty collaboration (both
collaborators are present for mog/all classes, both collaborators are sometimes present,
oneof thecollaborators teaches the course along and the disciplines involved (which
disciplineis paired with math, which of thetwo disciplines is primary,*® and whether a
science isinvolved).

To facilitate comparison across students and courses, a single index of survey
outcomes, called the"change' index, was created by combining results from the attitude
and skills measuresin away tha takes these two aspects of changeinto accountwith
aboutequd weighting™® Themean changeindex score over theentire popuation was
.24, comprising amean attitudegan of .03 and amean skillsgan of .21. Only factors
tha were statistically significant at the 95% confidence level by the appropriate statistical
test in both the by-student and the by-course analyses are congdered to impact the
success of the MAC? interdisciplinary approach.”® These are discussed bdow and
tabulated in Appendices 3 and 4.

3 1n learning communities where a math course is paired with another course, math is considered the
primary discipline for purposes of this analysis on the grounds that this represents a 100% math infusion.

14 Since the attitude survey has amid-point of 3 and the skills self-assessment has an implied referential
mid-point of 3, the index was constructed by summing the actual and implied pre-post differences of the
two. Thus"change"' = [post-survey attitude mean D pre-survey attitude mean] + [skills mean B3]. Since
higher scores on the attitude survey indicate more desirable attitudes, a positive difference between the
post- and pre-survey scores indicates desirable change, while a negative difference indicates change in the
undesired direction. Similarly, askills score greater than 3 indicates a desirable outcome while a score of
less than 3 indicates an undesirable outcome. These attitude and skills diff erence scores tend to be of about
the same magnitude and thus when summed represent these two important aspects of change about equally.
The content measure was not included because, although roughly comparable, the items are not identical
across the entire population.

'3 The by-student analysis considered the 850 matched student surveys returned thus far from 56 MAC>
courses. A few courses did not return the student self-assessment section of the post-survey and thus did
not contribute data to the analysis of those items. The student data were analyzed for differences by gender,

age, ethnicity, class content and Style, and class size using at-test for independent variables or ANOVA,
as appropriate. The by-course analysis considered the 52 courses that returned both attitude and skills gain
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Class size. Amongthe conditionstha impact student results, as measured by the
MAC®survey, classsizeis primary. Thequarter of theMAC® student popuktion enrolled
in thesmallest courses (3-12 students) did significantly better than the quater enrolled in
thelargest courses (more than 30 students), although they entered with significantly less
favorable attitudes toward math than students in the large courses. Thisfindingis not
surprising. Theinterdisciplinary, student-centered MAC?® approach requires the kind of
individudization of indruction and handson activities tha are more difficult to organize
with alargenumber of students. Theapproach is dso unfamiliar to many students and
thusmay require the additiond explanaion and suppott tha is, agan, easier to provide
when theclassis small.

Gender. Thereisnodifference in outcomes by gendea. Thereisno significant
difference in men'sand women'schangescore, or in its attitudeand skills components, in
theby-student andysis. Similarly, thereis no difference in thegende compostion of
more and less successful courses. These results suggest tha linking mathematics to other
disciplinesis an equdly effective pedagogical strategy for both men and women students.

Age. Thereisnodifferencein outcomes by age Students were divided into three
agegroupdN 18-22 yearsold, 23-29 years old and 30 years old and over. Thereisno
significant difference in the changescores of these three groupsin the by-student
andysis, noristhere any significant difference in the age compostion of the high, middle
and low scoring courses (about65% of studentsin all three categories of courses were 18
to 22 year-olds).

Ethnicity. Students from different ethnic groupsperform differently in MAC?
courses, butlike everything else concerning ethnicity in American sodety, thepictureis
both complicated and undear. Althoughthereis no significant difference anongthe
ethnic groupsin theattitudes they bring to the MAC? course (their mean attitudepre-
score), thereis adifference in outcomes. In theby-student andysis LatinoMispanic
students (changescore = .72) significantly outperform white students (changescore =

.09), who pog the lowest changescore of any group. African-American and Asian

data. The courseswere ranked according to the change index and were then divided more or less equally
into top, middle and bottom groups. These groups of courses, ordered by level of success, were compared
to determine if they were aike or different in terms of the distribution of these same variables (gender, age,
ethnicity, class content and style, class size), using the chi-square test as a measure of heterogeneity.
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students also score well (with changescores of .49 and .43, respectively), butbecause
thar numbers are small, the difference between them and white studentsis not
significant. LatinoMHispanic and African American students are over-represented in the
mog successful courses, while white students are over-represented in theleast successful
courses. Thepeaformance of white students does not differ by either gende or age white
men and women of all ages pogded less desirable survey results than students from other
ethnic groups

Althoughwe do notyet have complete data aboutthe ethnic identification of
MAC?faculty, preliminary andysis of the effect of theinteraction between the ethnicity
of the student and theingtructor,* suggests a more complicated picture. Condstent with
thestudent andysis, African American and Asian students pog above average scores
with faculty of al ethnicities. Latino students score abovethe averagewith Latino
ingructors but score bd ow averagein courses taught by white faculty members. Indeed,
students of al ethnicities (induding white students) score aboveaveragein courses
taughtby Latino indructors, who students overall recorded the highest changescores.
But 94% of all white students were taughtby white indructors or teams, and in these
classes white students scored subdantially lower than any other ethnic group Although
additiond daamay clarify somerelationships they are notlikely to changethe primary
condusonsof thisandysis: Latino ingructors appear to be especially effective and white
students appear to peform poolly, relative to members of other ethnic groups

Thesurvey data provide no reason why students of different ethnicities should
perform differently, of course. We do notknow, for example, whether white students
poor peformance is math-specific or typical of ther academic peformance in gened.
Perhgps math is a place where students with limited English language skills can excel.
Perhgps nontwhite students are more likely to be highly motivated first-time college-
goasinther families. Perhgpsthere are differencesin study strategies, in preparation or
in career aspirationsof the different groupstha make theinterdisciplinary, student-
centered approach more effective with nonwhite sudents. Whatever thereason, it is
heartening to know tha the MAC? approach is particularly effective with popuktions
who are often characterized as undeserved and who may especially need improved math

18 This analysis includes the 726 students for whom the ethnicity of the instructor is known.
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skills. Itisdismaying, however, to realize tha athoughwhite students still pog gansin
these courses, they are weak compared to those of other groups

Attitude pre-score. Students who entered the MAC? course more favorably
disposed to math (i.e., thoee whose pre-score on the attitudesurvey was at or abovethe
mean) had better outcomes, oveal, than students whos initia attitudes aboutmath were
less salutary.’” However, in this case combining theattitudeand skills measuresinto a
single index masks important differences. The hdf of the student popultion with more
favorable entering attitudes (a mean of 3.83 onthefive-point scale) poged high skills
gans(+.42), butrecorded asignificant declinein math attitudes (-.04). Studentswith
lessfavorableinitial attitudes (a mean of 2.90 onthefive-point scale) showed the
opposte outcome: they recorded significantly more desirable attitudes aboutmath at the
end of the course (+.08, nearly three times the population mean gan) , but experienced
less than expected skills gans(-.02). Thelargeattitudeimprovement amongstudents
with less favorable initial math attitudesN they poged significant gainson ten individud
survey itemsN isavery strongoutcome. We know tha postive attitudes toward math
are critical in determining whether students continueto learn and use mathematics.

It isimportant to note, however, tha athoughstudents with more favorable
entering attitudes poged an overall pre-pog attitude decling, they did notexperience a
loss of interest in mathematics. Theoveall decline in the math attitudescore of those
studentsis dueentirely to highly significant declinesin thefour items aboutdoing math
andusngit in ajobtha comprise the"concept" scale (see above page9),*® onae again
raising the question of why participaionin MAC? courses seems to erodeattitudes tha
reference the multiplicity of approachesto, and applicationsfor, mathematics.
Reinforcing this concern isthefact tha the only item onwhich thelower pre-score group
showed a significant declinewas Item 16, "Math problems can be donecorrectly in only
oneway."

Primary discipline. Students whos MAC® experience wasin the context of a
math course, either as onecourse in alearning community or a math course with non

math interdisciplinay infusons scored significantly better on every index than students

Y this case the by-student comparison is highly significant, while the comparison across coursesfalls
just shy of significance (p = .06).
'8 The only other significant change for this group was asignificant increase in item 2, "1 am good at math."
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enrolled in non-math courses to which math applicationsor exercises were added. There
was no difference in the gende compostion of these two categories of courses, butthere
was difference by age (math courses enrolled significantly more youngstudents, non
math more older ones) and by ethnicity (Latino students were over-represented in math
courses, students who identified as white were over-represented in courses with anon
math primary discipline). 1t would appear tha when it comes to improving math
attitudes and abilities, more math is better. The pervasiveness of this effect is shown
clearly in Table 6 bdow, which compares the change across these indices for studentsin
"math plus X" courses andthoin "X plusmath."

TABLE 6. Pre-post change by primary discipline of the interdisciplinary collaboration

Index Math + X X + Math

infusions infusions

N =577 N =273
Change (combined index) 42 -12
Skills change .33 -.02
Attitude change (overall) .09 -.10
"Like" construct change A2 -01
"Awareness" construct change A3 -.04
" Concept" construct change -.06 -45
"Interdisciplinary" construct change .20 -.07

On the other hand, there was no significant difference between studentsin courses
where math was the primary disciplineandthoe where it was notin terms of self-
assessed content leaning. Students in both situaions poded solid content gans
suggesting tha even if themath exposure in non-math courses was not sufficient to
changelong-hdd attitudes, students mastered themathematics they were presented.

Interdisciplinary pairing. Certain disciplinary combinaionsproducd stronge
results than othes. Science courses tha added a math component and math courses tha
added a humanities component had significantly better results than other combinaions
(severa other paringstha produced goodresults involved too few students to achieve
statistical significance). It seems likely that these paringswould be produdive: a science
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context clarifies the usefulness of math; adding art, musc or literature to a math course
usesintrindcally interesting material to stretch students' ideas aboutthe nature of math.
On the other hand, certain paringswere less successful, at least in terms of promoting the
mathematical gods of MAC®. Professiond/vocationd courses and study/ife skills
courses tha added math had significantly less desirable resultsin both andyses than
other parings

Thestudylife skills courses represent a specia case tha deserves closer attention.
Three courses fal into this category. Two of them, between them enrolling 18 students,
poged changeindices abovethe popuktion average of .24. Thethird, enrolling 136
students (88% of students in this category) in eight sectionsof a single course, produced a
changeindex score of -.26. Unlike every other course evaluatedN mogt of which were
electives, some of which were required courses in amajor sequenceN this course was a
graduaion requirement for every studentin thecollege Mog students were thusnotin
the course itself by choice; they were nat likely to welcome thefurther addition of
mathematics. Unde these circumstances, it is notsurprising tha the survey results are
not postive. On theother hand, the course ingructor felt tha the students were interested
in the math they employed and saw its valuein the context of thehod discipline Shefelt
the use of math improved student work in the course and she continues to offer the
mathematical infuson every term. This example suggests tha althoughcaptive
audiences may not bethebest candidates to benefit from a math infuson, the activity is
notwithoutvaue

Course format. Studentsin learning communities performed significantly better
than students in single courses with interdisciplinary infusons However, this effect may
be attributable in some large pat to thefact that all learning communities except one(a
physcs-English paring) induded a whole math course, itself a strong predictor of
desirable survey results. A comparison of results for all courses where math was the
primary disciplinetendsto suppot theimportance of "more math." Math courses tha
were pat of alearning community poged highe changescores (.75) than math courses
with interdisciplinary additionstha were less than 25% of the course (changescore =
.50) and significantly highe scores than math courses where the other discipline
accounted for more than 25% of the course (changescore = -.12). Coursestha were
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100%math thusyield the best results, courses with over 75% math the second best and
courses with less than 75% math yield theleast goodresults.

Another methodfor assessing therelative importance of teaching format and
amountof math is to compare the same math course as pat of alearning community and
as afree-standing offering. OneMAC? ingructor taughtonesection of his introdudory
algebra course as pat of alearning community and two sectionsof the same course as
free-standing math classes. Studentsin al three courses completed the pre-pog attitude
survey.'® Thelearning community and oneof the standad courses poged solid attitude
gans theother standad course showed a small attitudedecline There was, however, no
significant difference amongthe survey results of the three courses. Both this case study
and the comparison of theamountof math in the course raise the possibility that the
strong performance of learning communities on the math survey results more fromthe
amountof math presented in tha format than fromtheformat itself.

Pairings that include a science are another goodexample of theimpact of format
onresults Althoughmath isan essential tool of science, and thetwo are often seen asa
"naural” combinaion, theindugon of ascience in a course combinaion was not
enough,initself, to significantly effect results. For MAC? courses, at least, it matters
howthey are connected. As noted above science courses with amath infuson producd
strongresults across theboad. However, in situgionswhere mathematics was the
primary discipline and science the"added" one learning communities and courses where
the science activities congituted less than 25% of the course poded very strongresults
(changescores of .79 and .57, respectively), but courses where the science congituted
more than 25% of the course had a mean changescore of -.50. Again, the"more math"
dictum applies.

Collaborative style. |t does notappear to matter, in terms of survey results,
whether courses are taughtby a single ingructor (who mightor mightnotbe part of a
learning community), by ateam who are bath in the classroomfor all classes, or by a
team where oneindructor is present only occasiondly to offer activities. Althoughthe

by-course andysis shows a statistically significant difference amongthethree styles, this

19 The freestandi ng classes did not compete the skills gain portion of the post-survey, so attitude changes
are the only comparative data available.
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derives from differencesin the propationd contribution to the middle rangeof courses, a
distinction which is not particularly important in understanding success.

Conclusions: Indicators of Success. Thisandysistook two approaches to
identifying the demographic and pedagogical condtionstha are correlated with desirable
student survey results; a comparison of survey results across the entire MAC® student
popuktion of 850 students and a comparison of courses whose survey results putthem in
thetop third with those whos results ranked them in thetwo lower tiers.  The course-
based andysis was indudel to avoid thelarge-course bias inhaent in the student results,
where large courses, which peform significantly lesswell than smaller ones, are more
heavily weighted.

While the overall outcomes for MAC?® courses were strongly postive, certain
circumstances tended to produe even better results. Amongpedagogical factors tha
dispo<e to greater success in these interdisciplinary, handson coursesis small class size.
It makes sense tha student-centered approaches work best when there are more
oppotunities for direct student-teacher interaction. Students also poged better math
attitudeand skills gainsin courses where mathematics was the primary subject. Indeed,
the more math students were exposed to, the stronger thar attitudeand skillsgans This
finding may also accountfor the success of students in learning communities, who (with
asingle exception) were al enrolled in afull-time mathematics course. Math courses
with humanities infusonshad particularly goodresults, perhgps because the material was
interesting and unusud in that context. Studentsin nornrmathematics courses with added
math activities peformed significantly lesswell, with theimportant exception of science
courses that included math exercises. Indudingrelevant math tha hdpsstudents
advance thar undestanding of a science is a successful approach, even when theamount
of mathematics added is modest. While these factors enhanced success, it iswell to
remember that all interdisciplinary combinaionsproduced postive results except for
study/ife skills courses, where onevery large college-wide required course illudrated the
chdlenges of bringing handson mathematics to a captive audience. It isimportant to
note that there was no difference between courses where math was primary and those
where another disciplinewas primary in terms of achieving the course math content
gods.
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Among student characteristics tha influence outcomes it is noteworthy tha
gende and age had no discernable effectN and tha ethnicity did. Latino students
(especialy when pared with Latinoingructors) posted the strongest gansand white
students (in amog all circumstances) peformed significantly lesswell than othe's. Itis
not clear whether these findingsreflect motivational or preparation differences among
different sscudent groupsor whether there are cultural circumstances tha make the
inquiry-based, student-centered MAC?® approach a better fit with certain students than
others. Whatever thereason, it isimportant to know tha while MAC® courses were
successful with al students, they were paticularly successful with women and nonrwhite
students, groupstha have been unde-represented in math andthe SMET disciplines.
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MATHEMATICS ACROSS THE COMMUNITY COLLEGE SURVEY

This course is part of a project funded by the National Science Foundation to measure the impact of different

instructional approaches. Please answer honestly and thoughtfully and remember, there are no right or wrong answers.

Your responses are very important to the research and will be treated with great respect and confidentiality.

Please circle the number that best describes your position on the scale where 1= "strongly DISAGREE" and 5 =

"strongly AGREE." THANK YOU.

lease fill in the last 5 digits of your Student Identification Number

This information enables us to match surveys from the beginning and end of the course. it does not enable us to

dentify you. )

. Many things | use every day were designed using math.

. | am good at math.
If one way of solving a problem doesn’t work, | try another method.

. Sometimes | see things outside of school that make me think of math..
Mathematics is facts, rules, and formulas to be memorized.

5. Doing math in another subject makes the other subject easier to learn.
If | can't get the idea of a problem right away, | probably can't get it.
| don’t need a good understanding of math to achieve my career goals.

. | enjoy doing mathematics.

10. Estimating is a part of doing mathematics.

11. | rarely use math outside of school

12. Doing math in another subject makes the math easier to learn.

13. | want to learn more math.

14. | am comfortable talking about mathematics.

15. Sometimes | think about math without meaning to.

16. Math problems can be done correctly in only one way.

17. Lots of things | do every day involve math.

18. | feel comfortable asking questions in my classes when | don’t understand things about math.

19. I am going to study more math.
20. In mathematics | can be creative and discover things for myself.

21. After I've forgotten all the formulas, I'll still be able to use ideas I've learned .

1

1

Strongly
Disagree
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4 5
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4 5
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APPENDIX 1 STUDENT LEARNING SELF-ASSESSMENT

Course Name

College and Date

Instructions: Please circle the number on the scale that most closely describes your situation.

1. As a result of your work_in this class, how well do you think you now UNDERSTAND each of the following?

Notat | Justa | Some- | Alot A great | Learned
all little what deal elsewhere
. 1 2 3 4 5 0
. 1 2 3 4 5 0
. 1 2 3 4 5 0
. 1 2 3 4 5 0

2. To what extent did you MAKE GAINS in any of the following as a result of what you did in this class?

Not at Justa Some- A lot A great
all little what deal
» Understanding the relationships among 1 2 3 4 5
concepts.
* Ability to think through a problem. 1 2 3 4 5
* Ability to solve problems. 1 2 3 4 5
* Ability to communicate mathematical ideas. 1 2 3 4 5
+ Confidence in your ability to do mathematics 1 2 3 4 5
* Feeling comfortable with complex ideas. 1 2 3 4 5
* Enthusiasm for mathematics. 1 2 3 4 5
3. Please tell us your 4. With which of the following groups do you self-identify?
SEX: Male African American/Black
Female Asian/Pacific Islander
Latino/Hispanic
AGE: Native American
Caucasian/White
Other

5. Please tell us the most important thing you learned in this class
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\ppendix 2. Pre-post student attitude survey means, Pre-post changes in the total population that are significant at the 95%
onfidence level are shaded yellow for desirable change and blue for undesirable change. Significant differences in individual
AACA3 courses are not indicated because small (and varying) class sizes render this data less useful. Questions have been

:oded so that higher post-survey scores always indicate change in the desired direction.

Pre- Post-
ITEM survey survey

mean mean Change

ALL ALL

N = N =

850 850
1. Many things | use every day were designed using math. 3.93 4.02 .09
2. lam good at math. 3.22 3.37 15
3. If one way of solving a problem doesn’t work, | try another 3.98 4.00 .02
method.
4. Sometimes | see things outside of school that make me 3.40 3.50 10
think of math.
5. Mathematics is facts, rules, and formulas to be memorized. 2.96 3.05 .09
6. Doing math in another subject makes the other subject 3.07 3.20 13
easier to learn.
7. Iflcan't get the idea of a problem right away, | probably 3.50 3.32 -.18
can't get it.
8. ldon’t need a good understanding of math to achieve my 3.53 3.35 -.18
career goals.
9. lenjoy doing mathematics. 2.97 3.11 14
10. Estimating is a part of doing mathematics. 3.78 3.81 .03
11. I rarely use math outside of school 3.45 3.33 -12
12. Doing math in another subject makes the math easier to 3.25 3.35 10
learn.
13. | want to learn more math. 3.31 3.31 .00
14. | am comfortable talking about mathematics. 3.21 3.25 .04
15. Sometimes | think about math without meaning to. 2.83 2.94 A1
16. Math problems can be done correctly in only one way. 3.65 3.37 -.28
17. Lots of things | do every day involve math. 3.49 3.51 .02
18. | feel comfortable asking questions in my classes when | 3.52 3.62 10
don’t understand things about math.
19. | am going to study more math. 3.39 3.41 .02
20. In mathematics | can be creative and discover things for 3.06 3.14 .08
myself.
21. After I've forgotten all the formulas, I'll still be able to use 3.38 3.50 A2

ideas I've learned .
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Appendix 3. Overall comparison of survey change index by student.”’

FACTOR STUDENT N CHANGE INDEX | SIG.”

GENDER .67
Male 294 .22

Female 489 .26

AGE GROUP 94
18-22 512 .24
23-29 161 .24

>30 107 .28

ETHNICITY 00
African-American 59 .49
Asian/Pacific Islander 59 43
Latino/Hispanic* 134 .55°

Native American 18 A7
White* 486 .09V

Other 34 37

20 “Sig.” indicates statistical significance, likelihood that the expressions of each variable are alike
(drawn from a homogeneous population). A significance value of less than .05 indicates that we
can say at the 95% confidence level that there is a significant difference among the categories
comprising that variable. Note, however, that when there are more than two categories, not all
categories under the variable heading may be significantly different from each other. Those
individual categories that are significantly different from each other are indicated by a superscript,
red for those comprising the desirable end of the difference, blue for those comprising the
undesirable end. Thus when the courses are divided according to “Interdisciplinary Pairs,” we see
that scores for students in “math + humanities” courses were significantly higher than scores for
students in “math+ science,” “social studies + math,” “vocational studies + math” and “study/life
skills + math.” Scores for students in “math + vocational studies” were significantly higher than
scores for students in “study/life skills + math,” but they were not significantly better than scores for
any other category. Also note that because the determination of statistical significance depends in
part on sample size, large differences between small samples may not be significant, while
somewhat smaller differences between larger populations are significant.

21 Significance determined by t-test for independent variables for paired variables and by oneway
ANOVA for categories of three or more variables.
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ATTITUDE PRE-SCORE 00
*Comblned pre-score => mean (72) 400 37D
Combined pre-score < mean (72) * 360 .06"
PRIMARY DISCIPLINE 00
Math * 299 51P
Non-math * 501 .08"
INTERDISCIPLINARY PAIRING
[Primary course + secondary course/applications]22 00
Math + science 111 14
Math + social science 10 .70
Math + humanities* 117 .65""
Math + professional/vocational
, 0 0
studies
Math + study/life skills* 42 452
Science + math 136 43%
Social science + math 69 .15
Humanities + math 29 43
Profefsionallvocational studies + 108 03V U3
math
Study/life skills + math* 154 -.1gutuzus
MATH-SCIENCE PAIRING 28
Pairing includes science 277 27
Pairing does not include science 494 .18
INSTRUCTIONAL FORMAT 00
Leanﬂqgconnnunnymnked 170 570
course
—— — 5
Interdlsmellnary applications >25% 110 03Y
of course
— — 5
Interdlsmellnary applications <25% 466 09V
of course

?2 Wherever a full math course is involved (e.g., in a learning community format or a linked course
format) the math course was treated as the primary course. Thus instances where math is the
primary course include learning communities, linked courses and single courses with non-math
applications. All cases where a non-math course is primary are single courses with math
applications.
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CLASSROOM COLLABORATION A7
Taught alone 391 .28°
Collaborator present for 221 .04
occasional class
Collaborator present for most 133 .10
classes

Appendix 4. Overall comparison of change index by course ranking®

PERCENT | PERCENT | PERCENT | PERCENT | TOTAL
IN IN IN IN NUMBER
TOP18 | MIDDLE | LOW 17 TOTAL OF
FACTOR | COURSES 17 COURSES | STUDENT | STU- | SIG.
COURSES POPULA- | DENTS 2
TION

N=200 | N=273 | N-=2349
GENDER 80
Male 35.9 37.7 38.8 37.7 300
Female 64.1 62.3 61.2 62.3 495
AGE GROUP o8
18-22 67.9 67.5 63.1 65.7 520
23-29 18.4 19.4 23.1 20.7 164
>30 137 131 138 135 107
ETHNICITY 00
African- 115 6.8 59 75 60
American
Asian/Paci- | g g 83 76 7.4 59
fic Islander
Latino/ 22.0 27.2 6.2 16.9 135
Hispanic
Native 2.1 1.9 2.6 2.3 18
American
White 56.0 49.1 745 61.6 491
Other 2.6 6.8 32 43 34

% This table shows how each variable is distributed across the three categories of courses—the
TOP, MIDDLE and LOW scoring. A chi-square statistic of less than .05 indicates that the
distribution is heterogeneous, that is, the variable is distributed differently in the three groups.
2 Significance determined using X? statistic.
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PERCENT | PERCENT | PERCENT | PERCENT | TOTAL
IN IN IN IN NUMBER
TOP 18 MIDDLE LOW 17 TOTAL OF
FACTOR | COURSES 17 COURSES | STUDENT STU- SIG.
COURSES POPULA- | DENTS 25
TION
N =200 N =273 N = 349
ATTITUDE PRE-SCORE .06
Combined
pre-score 54.3 56.6 47.3 52.0 407
=>72
Combined
pre-score 45.7 43.4 52.7 48.0 375
<72
PRIMARY COURSE 00
Math 64.5 48.0 14.6 37.8 311
Non-math 35.5 62.0 85.4 62.2 511
INTERDISCIPLINARY PAIRING
[Primary course + secondary course/applications]?® .00
Math + 247 8.8 14.6 14.8 117
science
Math +
social 5.9 1.3 10
science
Math + 27.6 14.7 8.6 14.8 117
humanities
Math +
vocational
studies
Math +
study/life 15.4 5.3 42
skills
Science + 37.6 18.3 6.9 17.4 138
math
Social
science + 19.0 4.9 8.7 69
math

2 Significance determined using X? statistic.

%6 \Wherever a full math course is involved (e.g., in a learning community format or a linked
course format) the math course was treated as the primary course. Thus instances where math
is the primary course include learning communities, linked courses and single courses with non-
math applications. All cases where a non-math course is primary are single courses with math
applications.
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PERCENT | PERCENT | PERCENT | PERCENT | TOTAL
IN IN IN IN NUMBER
TOP 18 MIDDLE LOW 17 TOTAL OF
FACTOR | COURSES 17 COURSES | STUDENT STU- SIG.
COURSES POPULA- | DENTS 27
TION
N = 200 N =273 N = 349

INTERDISCIPLINARY PAIRING (continued)

[Primary course + secondary course/applications]?® .00
Humanities 4.1 48 3.4 4.0 32
+ math
Vocational
studies + 4.0 28.7 14.0 111
math
Study/life
skills + 15.0 33.0 19.7 156
math
MATH-SCIENCE PAIRING 00
Pairing
includes 62.4 27.1 30.1 36.0 285
science
Pairing
does not
include 37.6 72.9 69.9 64.0 507
science
INSTRUCTIONAL FORMAT 00
Learning
community/I
inked 44.3 25.8 11.5 23.1 177
course
Interdiscipli
nary
applications
S25% of 13.9 16.2 14.6 15.0 115
course
Interdiscipli
nary 41.8 58.1 73.9 61.9 475

2 Significance determined using X? statistic.
28 \Wherever a full math course is involved (e.g., in a learning community format or a linked

course format) the math course was treated as the primary course. Thus instances where math
is the primary course include learning communities, linked courses and single courses with non-
math applications. All cases where a non-math course is primary are single courses with math

applications.
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applications
<25% of
course

CLASS-ROOM COLLABOR-ATION

.00

Taught
alone

52.2

71.2

39.0

53.6

403

Collabora-
tor present
for
occasional
class

31.8

10.8

43.0

29.8

228

Collabora-
tor present
for most
classes

15.9

18.1

18.1

17.6

135
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Change Index by Course Ranking and Disciplinary Pairing

:!,EEFS{DIS_CIPLINARY TOP 18 MIDDLE 17 | LOWER 17 S'-II:SI;)FQII:JT
[Primary course + COURSES COURSES COURSES POPULA-
secondary _ _ _ TION
course/applications]® N =167 N =267 N =337 N =771
Math + science .87 .38 -.62 14
Math + social science .70 .70
Math + humanities 1.24 42 --.01 .65
Math + vocational studies
Math + study/life skills .45 .45
Science + math .89 .25 -.35 43
Social science + math .23 -.08 .15
Humanities + math .74 .55 .01 43
Vocational studies + math .57 -.32 -.03
Study/life skills + math .18 -.32 -.18
TOTAL .96 .33 -.25 .21
Comparison of factors with and without required all-school course
ALL ALL WIOUT | WIOUT |\ oyt
SCHOOL | SCHOOL
STU- STU- SCHOOL
ALL -WIDE -WIDE
DENTS | PENTS | STU. | REQUIR- | REQUIR- | o WDE
CONSTRUCT PRE POST DENTS ED ED RESE)JIR-
CHANGE | COURSE | COURSE
_ _ 0 PRE POST COURSE
N =850 N =850 N = 714 N =714 CHANGE

LIKE 3.26 3.34 .08 3.29 3.40 .10
AWARENESS 3.41 3.49 .08 3.44 3.54 ,10
CONCEPT 3.65 3.53 -12 3.74 3.68 -.06
INTERDISC'Y 3.16 3.27 1 3.20 3.36 .16

2 Wherever afull math courseisinvolved (e.g., in alearning community format or a
linked course format) the math course was treated as the primary course. Thusingances
where math is the primary course indudelearning communities, linked courses and
single courses with non-math applications All cases where anon-math courseis primary
are single courses with math applications

% This course is required for graduaion for all students matriculated at theschool. The
median course sizeis 16, themean 22
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