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Introduction

More Than Rulew/as released in September of 200%e goal of that paper was to describe the challenges
facing GED graduates at The City University of New rCUNY) and the work of the CUNY College
Transition Program (CTP) to prepare students for thbalenges. Early sections of that paper examined the
misalignment between the GED math subject test and cotiage placement exams, the prevalence of math
remediation for GED graduates, and the generally poor #dnahoutcomes for these students at CUNY. The
heart of the paper described non-traditional approachestkoteahing and learning in CTP, including content,
pedagogy, curriculum, and instructor development. Studenvrmets for the fall 2008 and spring 2009 cohorts
demonstrated some promising early results.

Just asviore Than Rulesvas released, CTP was restructured and became knothe @8INY College

Transition Initiative (CTI). The new program moved “acrtiss college wall” and is now offered as an option to
freshmen who have taken and failed multiple placememh&x@he most important new feature of the CTI

math course was the significant increase in the quasttitystruction. That change has made it possible to
examine whether an increase in instruction, while maimgitiie pedagogical approaches and other features of
the CTP course, could help many more students eliminatenénail for one or both levels of remedial math
while also making progress on a more extensive set of le@thing goals.

This paper will review the first year of CTI math. Thisa “companion” paper tolore Than Rulebecause the
CTP approaches to math content, curriculum, instructeeldement, and pedagogy that were described in that
paper also provided the underlying foundation for CTI matpossible More Than Ruleshould be read before
this paper.

The first section of this paper outlines CTI programctire. This new structure required a significant
expansion of the CTP math curriculum, and the second selesmnibes how this was accomplished. The third
section includes enrollment and retention informatiorstodents at two CTI sites across two semesters.
Assessment of student learning is described in the feedton. In the fifth section, | locate CTI math teag

and learning within the context of more typical mathersatistruction that exists and that is encouraged in
standards documents for school and college educatoss t@npare CTI math to other common remedial math
reform efforts that are underway in community collegeshérfinal section, for those who may wish to
experiment or commit to CTl-like instructional practickesuytline the institutional and other conditions that
need to be in place in order to make this sort of pedeglocfiange possible.

I would like to thank Kevin Winkler, Rosanne Proga, anévibAllen for their assistance in gathering data for
use in this paper, and John Mogulescu, Leslee Oppenheim, Joley3aharlie Brover, Denise Deagan, and
Mark Trushkowsky for their comments on early drafts.

The views expressed in this paper are my own.

! More Than Rules: College Transition Math Teaching for GED Graghuat The City University of New Yoby, Steve
Hinds, CUNY Office of Academic Affairs; 2009.
2 More Than Rulesan be located on the web at http://www.cccs.edu/Dogsttion/SUN/Math%20Paper.pdf




The CUNY College Transition Initiative

In the summer of 2009, the CUNY College Transition Init@{CTI) was established by the CUNY Central
Office of Academic Affairs in collaboration with two @6 campuses—LaGuardia Community College and
Kingsborough Community College. CTI was not a new prograna bestructured version of the CUNY
College Transition Program (CTP) which provided acaden@pgration and advisement for CUNY-bound
GED graduates over the previous two years (and which waslmEsin detail ifMore Than Rules}he shift
from CTP to CTI included significant changes in programgiesieveral of which are described below. For a
chart that summarizes elements of the different prograee\ppendix A

Student Eligibility

Previously, students joined CTP before they applied to a CtiNl¥ge or took any college placement exams.
The program was positioned as a semester of study alongsifter6GGED study but alwaybeforecollege
entrance. Students now join Cditer they have been admitted to a CUNY collegféer they have taken the
college placement exams, aaiter they have failed (at least) the math and writing exa®is has moved

“across the college wall” and is presented as amaliige to traditional remedial courses once placemsnt te
results show that significant remediation is needed. Focosisgudents who fail exams in at least two basic
skills areas ensures that CTI will serve GED (and shigie school) graduates who are considered to be among
the academically least-prepared students arriving at ipatitg CUNY colleges.

Instructional Intensity and Duration

Math, reading, and writing instruction in CTI incredse two ways compared to CTP, with more instructional
hours per week and a longer semester of study. Weekly nsathation increased from six hours in CTP to
nearly twice that amount in CTI. The semester of sttidynged from fourteen weeks in CTP to a two-part,
eighteen-week semester in CTI. In the first twelve weeknown as “Phase One”—students are placed in
learning communities that include math, reading/writangd group advisement, as was the case in previous
CTP semestersAfter Phase One, all students re-test in any basis siiams they needed to pass. Students
with strong exam results are then enrolled in a thrediiccourse at the college over a six-week “Phase Two” a
no cost. Students who still have basic skills needs Bfiase One testing continue to study in those areas during
Phase Two. At the end of Phase Two, students re-takexamys they still need. Therefore, CTI students have
two opportunities (if needed) to pass basic skills exares @ghteen weeks of study. For a diagram that
displays these pathways through CTI, Appendix B

All students (whether they need pre-algebra, algebra, or tadéhp Phase One math course that blends pre-
algebra and algebra content over a total of 130 HdBisdents who also need Phase Two math instruction
receive somewhere between 35 and 60 hours of additional ms#tinction, depending on whether they need
more study in one or both math levels.

% “Learning community” is only used here to describe actiire where the same 20-25 students are grouped together for
math instruction, reading/writing instruction, and weeddgdemic advisement. The content of the math courss is
integrated with the content of the reading/writing course

* To meet the basic skills requirement in mathemati@UNY community colleges, students must pass placementsexa
in pre-algebra and algebra exams that are produced bylA€Tnd are known as the “COMPASS” exams. During the fa
2009 and spring 2010, CUNY used a scaled score of 30 as the =asiti@yd on each exam. That passing score will
change in the spring 2011 semester, and the implicatfdhsavill be discussed later in this paper. Students @hofie

of the COMPASS math exams will typically need to take arsd pae remedial math course; students failing both will
typically need to pass two remedial courses. To bebiigor the Phase One CTI course, students may have &k or

both of the exams.



Instructional and Advisement Staff

Before CTI was established, math and reading/writingungars were paid at part-time rates to teach CTP
courses. The instructors needed to combine this workotti#er teaching in order to reach full-time status.
Academic advisement was also treated as a part-tisignagent, in some cases done by a CTP instructor and in
other cases by the counselor from the Adult LearningeZentthat campus.

CTl was established with funding that supports a three-péesom entirely devoted to two groups of students at
each site—one full-time math instructor, one full-timadieg/writing instructor, and one ¥-time academic
advisor. Full-time instructors teach 20 hours per week (Li@shor each group of students). In addition to the
full-time staff, half-time “cooperating teachers” joetfull-time instructors as a continuation of the CTP model
of intensive staff development for aspiring full-timstinictors’

The CUNY Central Office of Academic Affairs also supgdnstruction in CTI through a team of Staff
Developers who have expertise in mathematics, reading;itorg instruction and who act as instructional
leaders in the program. | have been the Mathematics[3ta#loper, and in this role led curriculum and faculty
development beginning from the formation of CTP up to and ¢firole first year of CTI.

Program Cost

CTI students pay a $75 fee for the eighteen-week programcohers instruction, advisement, books,
materials, and tuition for students who qualify to takeealit course in Phase Two. As a result, students do not
have to draw on any of their potential financial aid @&lsa

®> Adult Learning Centers on CUNY campuses provide adult leassication, pre-GED, GED, and ESL classes to adults at
no charge. Taken together, the campus programs are lasotiwe CUNY Adult Literacy/GED Program.

® CTI uses “cooperating teacher” to refer to someoneiwtraining to become a full-time CTI math instructBhis job

title can be confusing for teacher educators becauseécating teacher” usually refers to veteran public daeaehers

who host student teachers in their classrooms.



A Growth Spurt in the Living Curriculum

Transforming the 72-hour CTP math course into the CroguySar serouia
130-hour Phase One CTI course allowed the math = — g
instructor team to extended existing content to ﬁl ¥
include greater complexity, and also to add a great
deal of new content. This expansion was achieved
while preserving the teaching, learning, and

curriculum development practices described in

More Than RulesAs was the case in previous
semesters, the math team decided together which new
activities would be added and how they would be _
sequenced. Team members helped to edit drafts of the
new activities, and made additional suggestions after
using the new lessons with students. Counting all
teacher notes, student activities, and assessments, the
Phase One curriculum document grew to nearly 650
pages. CTI students Rosa and Daniel discuss a math problem

Aside from being more intensive, the Phase One CTI

math curriculum is carried out very much like the

CTP math course in earlier semesters. Instructdrseaites teach the same activities using agreed-upon
approaches in the same sequence. These activities irchaoeure of pre-algebra and algebra topics,
permitting students who have failed one or both sections @@MPASS exams to benefit. The content is
blended throughout the twelve weeks when pre-algebra conceptaligatlated to algebraic oné<T]I
instructors find that a large majority of students whetetite program needing only to pass the algebra exam
still have significant pre-algebra weaknesses, and therbémefit from the blended content. This is quite
different from “accelerated” remediation programs thahdbintegrate content, but instead place a doubly-
intensive pre-algebra course in the first half of the s¢éenexnd an algebra course in the second half of the
semester.

In Phase Two, CTI math instruction departs from somedPQag practices. Students who fail any math exams
after Phase One are invited to continue in a pre-algg@sa, an algebra class, or in both classes depending on
need. The content in Phase Two, then, is not as integaatthe Phase One course. Because the precise pattern
of student needs differs between the two CTI sites, #tauictors act more independently in deciding which
activities to include from a common set of materialsn@lwith how to pace and sequence them.

Students who have not passed both COMPASS math examPladtee One and who therefore needed Phase
Two math instruction are in a math class that takiEsaccount what they studied and how they studied it in the
previous twelve weeks. Students re-visit some of the mailéeolging concepts from Phase One, but they also
study a substantial amount of new content. This appradehsdrom more traditional remedial programs

where students who fail a remedial math class must répeatentical course from the beginning alongside
students who may be taking the course for the first, secorbird time.

" Additional rationale for blending pre-algebra and atgebpics is given iMore Than Rulegpage 23.



Enroliment and Retention

It has been a challenge to recruit students for CTI. Mangents who were eligible based on their placement
test scores did not show much interest in the prograhgrdiecause of misunderstandings or a distrust of
anything that seemed to be different from what othehimesm were doing. In several cases, students were
contacted about CTI after they had already registene¢tbtit had not yet begun) a more traditional set of
courses. When comparing the 25 hours of class time in Ghiiéitoown schedule, students may have interpreted
the extra class time not as more support for their legrtuut as more work. For students whose financial aid
award already covered the costs of their traditionabckah courses, CTI staff were not always successful in
helping these students understand that joining CTI woultdresthat semester of financial aid eligibility. In
several instances, already-registered students hdetdude that included one credit-bearing class alongside
multiple remedial ones. That indicated to students thatwiloeyd make at least some progress towards their
degree, while joining CTI would guarantee that they waalch no credits in Phase One. The conversations we
needed to have with students regarding these choices arepdex, and revealed to us that most students
entering community college need a great deal more college-goatemic advisement while they are still in
their GED or high school programs. Student recruitmeniraoes to be a challenge, but the hope is that it will
become easier as the strengths of the program are simoed) students, college enroliment staff, and GED
programs.

The first CTI cohort (fall 2009) included 70 students enralleidss two sites. The second CTI cohort (spring
2010) included 71 enrolled studeftSeventeen of the 141 total students held high school diplomagteom
U.S. or another country. The remaining 124 were GED graslu@ihe two cohorts had remarkably similar
academic profiles and outcomes, and most of the dataeen this paper will refer to the combined cohorts.

The distribution of students’ need for one or both levelsathmemediation as they entered CTl is shown
below.

Basic SkillsMath Proficiency for Entering CTI Students
Number % of Total
Students needing to pass Pre-Algebra and Algebra 76 53.9%
Students only needing to pass Algebra 62 44.0%
Students only needing to pass Pre-Algebra 2 1.4%
Students already proficient in both math ateas 1 0.7%

8 At CUNY, the number of enrolled students is determinemh a census taken in the second or third week of thestem
Before the census date, students may withdraw from aeeuithout it ever appearing on their transcript. Tistsdents
do not appear in University databases as course starersannot be counted in retention data. A similaesyss used to
determine officially-enrolled students in CTI.

° One student was allowed to enroll in CTI without having math basic skills needs. This will occur very rageig
would depend on individual circumstances.
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Most community colleges report students’ need for baglis ghstruction in three areas—reading, writing, and
mathematics. Because failing one or both math exams usesilligs in different numbers of required remedial
courses, it is helpful to report students’ need forutsion in all four basic skills exam areas—reading, ngiti
pre-algebra, and algebra. The distribution of all basic skillans needed by students as they entered CTlI is
shown below.

Overall Basic Skills Proficiency for CT1 Students™
Number % of Total
Students needing to pass _all fasic skills exams 37 26.2%
Students needing to pass thbesic skills exams 65 46.1%
Students needing to pass thasic skills exams 37 26.2%
Students needing to pass drasic skills exam 2 1.4%
Students proficienin all basic skills areas 0 0.0%

We can use the above data to compute the average number afditssieeeds for entering CTI students, and
compare this to a large pool of GED enrollees at CUNY Statistics below (out of four possible exams),
indicate that entering CTI students needed more remadtalction than a large pool GED graduates who
entered CUNY in 2008.

Distribution of Basic SkillsNeedsfor CUNY GED Enrolleesand CTI Students*

Average number of initighasic skills needs for GED graduates entering CUN¥ 1,230) 2.3

Average number of basic skills needs for CTI students 141) 3.0

In general, students entered CTI with significant academaknesses. We should not rely solely on students’
placement test scores and related basic skills ne¢el$ s this, though, because some students may not give

19 Four students in the fall 2009 cohort entered CTI sahaiethey could not complete the official writing patent exam
and have it scored before the beginning of classesodl\fere given typical writing placement test prompts uotfarial
testing conditions and these essays were given scotesisd scorers. As was the case for105 of the othestlid@nts
who took the official ACT writing exam, these four dtmts did not earn passing scores. The basic skills neécstattby
these unofficial scores are included in this table.

1 The statistic covering the large pool of GED graduamgésring CUNY was generated using data provided by CUNY
Collaborative Programs Research and Evaluation Unit andscoea-exempt testers who applied through the central
application system in the fall 2008 semester and neetlao applied through direct admission. Remedial needsefor
large pool were calculated based on studenitsal placement exam results. Some of those students cettiaakly
advantage of summer “express” courses that allowed thesatadke placement exams and potentially reduce theo bas
skills needs before classes began in the fall semEstethis reason, the average number of remedial neetisef group at
the time they entered fall classes was almost odytewer than 2.3, further widening the difference bemvéhe broader
GED enrollee pool and the CTI students.
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their best effort on the college exath&ven for GED graduates who put full effort into the COMF®exams,
though, the GED preparation these students received wilj ianegbare them for the content, context, and
format of the COMPASS exam$GED math scores may reveal more about students’ athitity COMPASS
scores because there is no question that students wekerigfivated to do well on that exam, and because
students’ preparation was likely to be more aligned wittctmtent of that exam. The chart below shows that
CTI students had lower GED scores than a broad pd&Edf graduates at CUNY. Students’ GED scores did
not play any role in their admission to CTI.

GED Scores for Studentsin CUNY and in CT1*
Mean for Mean for
GED Enrollees CTI students
(n=14,252) (n=119§°
Total GED 2,547 2,503
GED Math Subject Test 496 482

Educators who work with adult, GED, or community collsgedents with significant remedial needs might
predict that it would be difficult to retain students iml@iven the large number of required classroom hours.
As shown in the chart below, though, Phase One retentiongaekjizst above 80% over two semesters.

Retention for CTIl Students
Enrolled # Completing Retention
Students Phase One Rate
Cohort 1 70 54 77.1%
Cohort 2 71 59 83.1%
Combined 141 113 80.1%

2 This is a problem that has been identified at many camityneolleges. In a focus group study of students at five
California community colleges conducted by Andrea Vendézthy Reeves Bracco, and Thad Nodine, the researchers
noted that fhost students did not understand that their performandelanement exarhsvould determine which classes
they would be able to take. Many did not realize that theiopadnce would affect whether they would be able to get
college credit for their classes right away or that it wouleetfhow long it would take them to complete their education
goals; from “One Shot Deal? Students’ Perceptions of Assessment and Coursed?itreCalifornia’s Community
Colleges, WestEd, page 10; 2010.

13 For more on the poor alignment between the GED magjest test and the COMPASS math placement exam$|cee
Than Rulespages 8-9.

The minimum passing total GED score is 2,250 and minimassing math subject test score is 410. The CUNY figures
are taken fromCollege Readiness of New York City’s GED Recipigi@&INY Office of Institutional Research and
Assessment, page 5 of the data tables section; 2008v@taga total GED score is based on 14,252 students, ttagaver
math subject test score is based on 13,188 students, thnalboages are for GED graduates entering CUNY Assixiat
Degree programs in the 2001-2002, 2004-2005, and 2006-2007 academic years.

15 Scores were not available for five GED graduatesadinaf the high school graduates enrolled in CTI.
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When students were not retained, the most common factoesheelth, work, and other personal issues that
prevented students from meeting the attendance requireafiehésprogram. No students were dismissed or
discouraged from continuing in CTI because of weak acadskiils.

Over two semesters, 113 students completed Phase Onuetinstand re-took basic skills exams they neéfied.
Forty-four (44) of these students became proficient ibagic skills areas after Phase One testing, leaving 69
students who continued to have needs in one or more bdsi@s&a(s). These 69 students were the ones who
could benefit from Phase Two basic skills instructidftyfour (54) of the 69 students completed Phase Two
classes. Phase Two retention among students who stileheatlial needs, then, was 78.3%.

' Two students re-took the math exams they needed but dig-talte the writing exams they needed. Conversely, one
student re-took the writing exam but not the math examaeabded.
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Student Assessment

A sizeable majority of students at each site and ¢h samester of study passed any COMPASS math exams
they needed after completing the CTI math course. This lbvedaced need for math remediation is
encouraging. Still, the COMPASS exams have a narrow feeysocedural knowledge and for this reason do a
poor job of capturing some of the most important thingsshatents learned and became able to do in the CTI
math course. This section will include detailed COMPAR&m results but will also go beyond them to explore
other types of student assessment that measure stysieggsess towards a broad array of math learning goals.

COMPASS Math Outcomes

The graph below shows the percentage of students who werdam@asio be proficient by CUNY in each math
basic skills area before entering CTI, after Phase @meafter Phase Two. The data refer to the 112 students
who completed Phase One and re-took any COMPASS math .€XBlote that most CTI students were making
gains simultaneously in pre-algebra and algebra. The dppeits the claim that a single course that blends pre-
algebra and algebra content can help students improve theiPBS$Ioutcomes in both areas. For more
detailed information on COMPASS math scores for Ciitlents, seAppendix C

CTI Students' Proficiency in Math Basic Skills

out of 112 total students who completed Phase One and Re-Tested on the COMPASS

Before CTI M After 12-WeekPhase One M After 18 Weeksincluding Phase Two

100% - 90.2% 92.0%
90% -
80% -
70% A
60%
50% A
40% -
30% A
20% A

10% 1 2.7%

0%

Students Proficient in Pre-Algebra Students Proficient in Algebra

" One of the 113 students who completed Phase One instrdidiont re-take the COMPASS math exams she needed
even though she re-took the writing exam she needechiBaetison, a base of 112 students is used here (the nuhaber
re-tested in math).
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It is important to note that most of the students widondit reach basic skills math proficiency after 18 weeks
were students who did not start or complete Phase Twadtisn. Of the students who needed to pass the
algebra exam and who took full advantage of CTI algebteutigon (12 weeks of math study if that was alll
they needed, or 18 weeks if that is what they needed), alivbudf them passed 00 out of 102) during their
CTI semester.

The changing distribution in students’ need for math remedi& captured in the following table. The 112
students who completed Phase One and re-took the COMPAB®xams are included here because they had
the opportunity to improve.

Basic SkillsMath Proficiency for Students Over the CT1 Semester

Before CTI

After 12
weeks of CTI

After 18
weeks of CTI

Students who needed to pass two math exams

61

13

5

Students who needed to pass one math exam

50

21

6

Students proficient in math basic skills

78

101

Total math exams needed by 112 CTI completers

172

47

16

Overall, 140 students enrolled in CTI needing to pass ohetbrmath exams. After the 18-week semester, 100
of the 140starters(71.4%) became fully proficient in math basic skillsj amore than half of these 100 students
began the semester needing to pass both pre-algebra and.dbghrimom the CUNY Office of Institutional
Research and Assessment has shown that among stattaditional CUNY remedial classes, 38% of pre-
algebra students and 36% of algebra students passed thoss ¢o@@07. Also in 2007, among students who
took and passed a remedial pre-algebra course, fewer thahimhg2%) of these students who started the
subsequent algebra course passed it. Direct comparisons héheeeT| and broader CUNY pass rates should
not be done hastily, though, because the mechanism for dategmiho is successful and may move on to the
next course may not be the sathe.

The CTI math course was one component in a learning comnainitture that also included reading
instruction, writing instruction, and academic advisem&hé coherence and consistency of the full program,
including high expectations across both academic couilesly, had a positive impact on student persistence,
in-class performance, and student outcomes in mathenfafios data and description of CTI student outcomes
across all basic skills areas, #emendix D

'8 In remedial math courses at CUNY colleges, students magriigo re-take a COMPASS math exam only when they
have passed the remedial course. CTI does not issue goades for students. As long as students complete the CTI
course, they re-take the COMPASS math exams.

19 A related project known as CUNY Start provided a GRd-math course but no reading/writing course to 100 stadent
the fall 2010 semester. CUNY Start includes an adviseomenponent, but it is less-intensive than in CTI. This
experiment, which continues, should provide information erptbtential effectiveness of a stand-alone, CTl-like math
course.
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Internal CTI Assessments

The COMPASS math exams primarily assess students’ prnadedath knowledge, but the CTI math
course has a much broader set of math learning goalsn&tfilaims to improve students’ abilities across
all of the “strands of mathematical proficiency” asythee described in a National Research Council
report?® The course also aims to prepare students to be sucdadsieir first credit-based college math
course, and to help students develop a variety of acadaimis that will be useful in other college
courses. The range of assessments used in the CTI nasle @m to measure students’ progress across
this broad set of learning goals.

Four exams were used to assess students’ math learnintpewase One math course. These
assessments were given every three weeks and includetligenof free response items, multiple choice
items, and items requiring written explanations. Theyenscored, returned, and discussed with students
in the class as a whole, individually, and in student centars. These exams did have quite a few items
that measured students’ procedural math knowledge, but antanpdifference between the CTI exams
and the COMPASS exams is that we are certain tha The@ssessments are closely aligned with the
content studied in the CTI semestewhen instructors noticed individual items were missgthlge
numbers of students, this motivated the instructod®tsome re-teaching, and for persistently difficult
topics, motivated the larger math team to rethink thehiag approaches for those topics in subsequent
semesters.

On the very first day of the CTI math course, studeotspdeted an initial assessment. At one site, the
results were used to do some tentative ability grouping.p@adng an initial assessment to later ones
helped instructors to encourage students by
providing clear evidence of positive

changes in their ability. In a more general
way, the results help the math team
understand how well and in which areas
students gained mastery of Phase One math
content. In the chart, class averages for
students who completed the initial
assessment and the Phase One final exam Cohort 2 (57 testerd) 21.4% 82.6%
are given for the fall 2009 and spring 2010
cohorts. These averages are appropriately
compared because the assessments used

CTI Initial and Final Assessment Averages

Initial Final

Cohort 1 (54 testers) 19.4% 82.6%

2 The National Research Council report, Adding It describes mathematical proficiency using a sewef fi
interwoven strands: conceptual understanding (compreherfsioatioematical concepts, operations, and relations),
procedural fluency (skill in carrying out procedures fleilaiccurately, efficiently, and appropriately), stogate
competence (ability to formulate, represent, and solgthematical problems), adaptive reasoning (capacity for
logical thought, reflection, explanation, and justificatiand productive disposition (habitual inclination to see
mathematics as sensible, useful, and worthwhile, cdupilh a belief in diligence and one’s own efficacy). This
formulation of mathematical proficiency has been eselbiby several other organizations and standards docyments
including the recent Common Core State Standards né@ighdding It Up: Helping Children Learn Mathematics
by Jeremy Kilpatrick, Jane Swafford, Bradford Findell, tveMathematics Learning Study Committee, National
Research Council, page 116; 2001.

2t is very difficult to know how well the content afremedial math course is aligned with the COMPASS math
exams because the publisher provides such limited infanmer those exams.

2 The Phase One initial assessment and final exam wslkepaubstantially equivalent items and are scored as
similarly as possible using a common scoring guide. Tagams differ slightly between semesters, however,
because the items reflect what is taught in the candehis evolves semester-to-semester.

% Two of the 59 students who completed Phase One did notiakieal exam. These students’ initial assessment
scores were excluded from the average.
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parallel, substantially equivalent items and uniform scogingdes at the sites. CTI instructors used
students’ performance on the final assessments as @f plaetplanning of Phase Two instruction for
students who needed it.

Other formative assessment of students’ mathematical uadeénsg occurred on a daily basis through an
intense classroom focus on the development of studentarahunication of mathematical ideas. This
communication was fostered through “relentless” queisiipmequests for justification, exploration of
students’ alternate solution methods, and a general expadiadit students (and not only the instructor)
bear responsibility for judging and clarifying one anothegaspning. Classroom conversations were vital
assessment opportunities because it was during thesestssuthat student understandings and
misunderstandings were brought to the surface. Classrdomnties were also structured in order to
provide students with opportunities to ask and answer qusstuch asWhat does this remind us 6f?

“Is this always true?”,and ‘s this a coincidence or something mdreuestions that gave instructors
information about how well students were developing the habiircking and communicating like
scientists.

CTlinstructors aimed to simultaneously assess andstatients to improve their communication skills
during class discussions, a complex process. Instructadechée react instantly to student language in
the classroom, deciding when and how to search for moréaa#on or press for more formal language.
By contrast, more traditional remedial math coursesdinass lectures and or computer-based instruction
may offer students very few opportunities to practice comaating mathematically.

Homework (what we call “extra practice”) provided viésisessment opportunities both for students and
instructors. Each extra practice set included content fhe most recent lesson and from earlier learning
objectives, giving timely information to students and tts¢ructor about how students met the recent
learning objectives plus information about student retenti@adfer concepts and skills. Extra practice
sets generally included more problems requiring conceptasdtneng and written interpretation than the
exams. The majority of extra practice problems were weaden the classroom as soon as students
arrived with them, when these discussions would be the frudtsul. > Instructors tracked extra practice
assignments for completion rather than accuracy, andm&afgpood or bad) were discussed during
student conferences or at other moments when problemsiatbsearea.

CTI math instructors did not only suggest to students thgtatiept academic habits that are important
for college success—they gave students tools to improve thb#s,land assessed the development of
those habits. Rather than lamenting students’ poor ordammaskills, CTI instructors gave a binder to
each student on the first day of the semester, indistéédhey date and maintain all paperwork in
chronological order, checked the binders multiple times dvesémester, and encouraged better

*In many college remedial math courses, it may not bgilpeso discuss homework problems in the classroom in
a meaningful way because there can be so little timarthst be focused on each day's new content. This may
force faculty members to collect and respond to studamiework outside of class and return it later. Unfortelga
though, thoughtfully responding to homework is labor-isiemfor faculty who may teach four or five class
sections per semester, and the most useful discussistuglent homework occur without any delay. Perhaps with
this in mind, some college math departments are turpikgrhputer software so that students complete homework
and quizzes on-line, and where their multiple-choice resg®are instantly scored. This can help to relieudtia
workload, but it may also eliminate a rich assessmgpordunity because conversations among students and the
instructor about the mathematics may not occur, aedad of multiple-choice responses reveals verg lghout
student thinking. It is not a bad thing that some of tisefievare packages include re-teaching features, but these
usually do not have the sophistication to portray multéjpligropriate solution methods to a problem and may not
reinforce the precise method introduced by the facultybee in the classroom. Students also may not retain
artifacts of their work for use at a later time. Morstructional time is needed in remedial math courselow for
detailed, collective discussions of math problems thalents do outside of class.



16

organization where it was needed. The course also inceigeidit instruction on how to study for a
math test. Based on a belief that studying for a nestthnbust involve actually doing math problems,
instructors supervised students as they recorded problemsfior activities that challenged them. The
instructors treated the process of creating study proldsmasrequired assignment in itself. Early in the
semester, instructors supplemented student-generated sbidisnps with additional ones, but the share
of problems provided by instructors diminished over timeéhad $tudent responsibility in this area would
necessarily increase.

Both CTI sites held formal conferences with all studexiter three weeks of Phase One instruction.
Regular classes were cancelled so that the three-pestouctor/advisor team could meet with each
student individually to discuss their progress. For the mathuctor, this included a review of the
student’s attendance, extra practice, binder, participatiolass discussions, and performance on the first
exam. The conferences were excellent early opportutdtidscuss students’ areas of strength and
concern. The conferences also gave students a chatadleabout their experience in the program.
Students completed self-assessments in preparation fiereoces at both sites, and at one site, students
prepared formal portfolios of their early work to shaith the instructor-advisor team. Beyond the third-
week conferences, additional conferences with the teadveyea team were arranged when needed, or

in some cases were repeated for all students ahthefdhase One.

In addition to the student conferences, CTI staff memiiieeach site met every week to discuss a variety
of student issues as they arose. The reading/writstguictor, math instructor, and advisor were present
at all of the meetings, and the campus program manadeoaperating instructors also frequently joined
in. When students were having any sort of problems, acadegmibn-academic, plans were made to try
and improve the situation.

Overall, CTI students made substantial improvements not otiinprocedural knowledge but in all of
the strands of mathematical proficiency, and this visemwed in the wide range of assessment practices
carried out by CTI math instructors.

The goal of improving students’ productive disposition desenwesiad mention here because so many
students entered CTI with discouraging prior math learekmpgriences. We have made extraordinary
efforts to design activities and learning environmentswiloald boost students’ interest and confidence
in math learning, and the instructors witnessed very signif positive changes for students in these
areas. So far, though, there have been no formal stihdiegould capture those changes. One of the
most interesting issues here is to explore exactly hogdests respond (initially, and as the course
unfolds) to the non-traditional pedagogy in CTI math. Reb&ux noted in College Fear Factioat
community college students respond to non-traditional instruetith distrust or resistance, but we did
not find this to be the case for most CTI studén®ne of the reasons why students may generally be
responding well to the non-traditional CTI curriculum and pedagothat it is highly structured—the
instructors are keenly aware of exactly what they aneglevhy they are doing it, and how it fits in with
what comes next.

And even though CTI instructors assessed students ineiyvalr areas using a mixture of tools and saw
widespread gains, this does not mean that students unifexeciyied in all areas. Some students

% Rebecca Cox has written about student expectations of coityraallege instructors and teaching in The College
Fear Factor—How Students and Professors Misunderstanédu@tieer, Harvard University Press, pages 95-96,
and 105; 2009. According to CoxRésearch studies in K-12 and postsecondary classrooms offer tngpel
evidence on the limitations of the “teaching as telling” madgét that model continues to hold its own in the
practice of and research on higher education....[it] shapes theatajions of postsecondary students and
faculty...studies have documented that students associate thetralditiodel of teaching with faculty competence
and respond to alternative methods with skepticism or disrespect.”
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struggled to attend class regularly or stay focuselertlassroom. Some did not develop consistently
strong work habits. Some resisted our goal that they fmeyend procedures in order to develop deeper
understanding, reasoning, or communication skills. Instrsi@ocouraged students to improve in all of
these areas and would explain (and re-explain) the r&iforathem, but some students in each CTI
cohort (including students who ultimately passed the COMPAS&sx@nded up with uneven gains.
When looking only at COMPASS pass rates that exceeded 908igeoubservers might mistakenly
believe that all of our goals were reached for 90% ofthéents. Clearly, it is more complicated than
that.

In addition to learning goals we had for students duringihlesemester, the course aimed to prepare
students to be successful in later, credit-based matisen One of the important issues to consider here
is how students will adapt when they leave the non-tradit©maimath course and likely enter a more
conventional one. In the same way that many students e@&tegith expectations about what math
learning looks like and then experienced something différent that, we have seen that students leave
CTI carrying a new set of expectations about math leathiaigmay conflict with their experiences in
subsequent college math courses. Other issues relatimg pathway from CTI math to credit-based
math courses will be described in the final section.

Because many CTI students are in their first semekteedit-based study, and because others have not
yet enrolled in a math course, it is too soon to coded share data on students’ performance in credit-
based math courses. We do have more general college penfrermhata for the earlier CTP students
whose performance was describediore Than RulesThat data is included ikppendix EThe early
persistence rates, credit accumulation, and GPA figaneeencouraging, but they refer to a very small
group of students.
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Teaching Practices, Standards, and Community College Reform

In The Teaching Gaplames Stigler and James Hiebert reported on the fding large video study of
mathematics teaching in the United States, Germany,araarS Their aim was to describe what school
math teaching actually looked like in each country by obsgrailarge random sample of videotaped
lessons. They discovered a “distinctly American wayeathing,” explored the cultural forces that help
to keep it place, and contrasted it with standards doatsnfirom the National Council of Teachers of
Mathematics, and also with common teaching practictseimther two countries.

The video study examined mathematics teachind' igr&de classrooms, but the patterns Stigler and
Hiebert discovered can also be found in community collegedial math teaching. To support this
claim, | draw on a recent observational study of remedéth teaching across 13 colleges by Norton
Grubb. In their characterization of math teaching as aredlactivity, Stigler and Hiebert help to explain
why teaching practices in the U.S. are slow or resistacttange. | will argue that teaching practices in
community college remedial math classrooms are also eamstirby cultural and systemic forces.
Finally, I will characterize the most common remediatimreform efforts in community colleges and
contrast them to the innovative teaching and learning approectiesCTIl math course.

“Learning Terms and Practicing Procedures”

The research team working with Stigler and Hiebetttfelt “learning terms and practicing procedures”
was a good overarching motto for the teaching they obserngdb. math classrooms. The U.S. lessons
“seemed to place greater emphasis on definitions wistand less emphasis on the underlying rationale”
than lessons in the other two countfiel.was unusual to see U.S. instructors developing neaside
using explanations or an example; it was much more commonetichers simply stated the information
or formula®® The researchers found that U.S. teachers were ke b connect mathematical ideas
within a lesson in meaningful wagsCompared with teaching in the other countries, the relsess

found the U.S. lessons were the least likely to help stadaentlerstand important mathematics”, both in
terms of “the level of challenge and how the content wadafee.”®® New ideas can be developed in
ways that are “student-controlled”, and this was muss é®mmon in the U.S. tasks than in German and
Japanese taskRsThe researchers also classified “seatwork” tagksdnes where students were
practicing routine procedures, ones where students applied coacgpteedures in new situations, and

% The Teaching Gap: Best Ideas from the World’s Teactoerimproving Education in the Classrooby James

W. Stigler and James Hiebert, The Free Press; 1999TTMMS Video Study was one component of the Third
International Mathematics and Science Study (TIMMS) whisb included teacher questionnaires for teachers in
the video study countries and math tests for8%, and 13' grade students across 41 countries.

7 |bid, page 59.

8 |bid, page 60. U.S. instructors stated the information 7Bfteatime, and developed new ideas 22% of the time.
2 |bid, pages 62-64.

%0 |bid, page 65.

%1 |bid, pages 66-67. Student-controlled tasks appeared 9% of thitib®. classrooms, 19% of the time in
German classrooms, and 40% of the time in Japanassr@bms. An example given of a “student-controlled”
method involved the sum of the interior angles of a pwly&gtudents could be asked “to measure the sums of
interior angles of various polygons using a protraetod then try to find some patterns that would help them
compute the sums more quickly. Students could have beenrgsonsibility to work out various solution
methods—including, perhaps, a general formula.” This is coattagth a teacher-controlled method, where the
teacher would show students the formwsarf = 18Qnumbe of side:—2) ], and then ask students to calculate the

sums of various polygons using that formula.
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ones where students invented something new or analyzed #siinatew ways. In U.S. lessons,
students spent almost all seatwork time practicing rogtioeedures?

Stigler and Hiebert saw some variation in the U.S hiegcthey observed, but they were shocked at how
limited it was. The variation they did see tended to apipedhe form of the activities, not the
substance.” Even when U.S. teachers organized lesson®bee students more actively in their

learning, “the mathematics [was] simple compared wistt encountered by their German and Japanese
peers, and the work and discussion are mostly about nengpdefinitions for terms and following rules
and procedures’®

The most striking contrast across the three countréesthe difference between Japanese and U.S. math
teaching. Stigler and Hiebert noted that Japanessrotass allow us to see “what it can look like to
teach mathematics in a deeper way, teaching for caraamderstanding. Students in Japanese
classrooms spend as much time solving challenging problentissmodsing mathematical concepts as
they do practicing skills* The motto used to describe an overall Japanese approa¢btuetured
problem-solving”. Topics were rarely stated by Japanesihées but were much more likely to be
developed with examples or other illustrations. This giyanese students “richer opportunities [than
U.S. students] to learn the meanings behind the fornamdsgrocedures they [were] acquiring.”
Japanese lessons were rated by the researchers asoimement and contained more clear connections
between ideas than the U.S. lessons. Japanese stuaidatyéry different role in the classroom than
typical U.S. students. This especially appeared intibater responsibility Japanese students had for
developing new ideas, by “first struggling to solve mathematioblems, then participating in
discussions about how to solve them, and then hearing aboubsherat cons of different methods and
the relationships between therf.”

“Remedial Pedagogy”

Over the 2009-10 academic year, Norton Grubb led a reseanstaseth conducted an observational
study of remedial instruction at 13 California communityemgs®” Grubb’s team observed a consistent
set of teaching practices that he names “remedial pedagagibb’s descriptions of “remedial
pedagogy” are not as detailed as those in The TeachingoGywe can see several parallels. In this
excerpt, Grubb summarizes one math lesson as an examyatothe researchers observed “over and
over”:

“The class is a...presentation of a series of small sub-skillsgpted without any justification for
why such skills might be useful in other contexts...and a smegfleod—presentation and practice—
is used for the entire class. When students ask questionstiadqubcedures, the instructor simply
repeats his previous explanation rather than providing an alter@aliie instructor periodically
asks a formulaic question about understanding, but when students istddeem) or are obviously

32 |bid, page 71. The U.S. students spent 95.8% of their seatwalptacticing routine procedures.

* |bid, page 53.

3 |bid, page 11.

% Ibid, page 60.

% The Teaching Gapage 91.

3" The University of California-Berkeley and Research amaithg Group (UCB-RP) Study of Basic Skills in
California Community Colleges is describedTine Quandries of Basic Skills in Community Colleges: Viears f
the Classroofh by Norton Grubb as a working paper for the Nationalt@efor Postsecondary Research
Developmental Education Conference; September 2010. In sstaades, colleges participating in the UCB-RP
study did not agree to random selection of instructoisjrestead directed the researchers to observe gpecifi
instructors. The researchers also had a difficult timerporating adjunct instructors into the study. Both ef¢h
conditions could have introduced some bias into the study.
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guessing, he provides the right answer—rather than engaging in any diqghegdiy students have
arrived at the wrong answer:®

Other components of “remedial pedagogy” highlighted by Grubb indademphasis on the right answer
rather than attending to students’ conceptual understandingnandttention to alternative solution
methods?

In order to locate “remedial pedagogy” inside a largemiwork of teaching possibilities, Grubb
characterizes teaching across two dimensions. Firgsies@ibes teaching along a
“behaviorist/constructivist” continuum:

“On the one hand are the pedagogical approaches called construcsitigent-centered,
“progressive,” conceptual, “active,” “teaching for meaning,” onnovative, while others are
called behaviorist, teacher-centered, traditional, conventianébrmation transfer, or passive‘."g

To simplify the discussion, Grubb summarizes the former apgpes as “constructivist”, the latter as
“behaviorist”, and “balanced” to describe a blend oftthe.

To avoid grossly oversimplifying things, Grubb recognizes tiiere are many other aspects to teaching
than degrees of “behaviorism” and “constructivism”. Heréfore melds a number of facilitation and
other teaching practices into a second dimension of teaelimglity”. His examples of teaching

quality include “content mastery; warm and supportive @hstiips with students; explicitness about the
purposes of instruction; clarity in presentation; care aviging the prerequisites for understanding
before developing new material; developing checks for student tzaldirsy; and using student errors to
diagnose how students are thinking (sometimes incorrectly) atioptc.”* Admitting that his depiction
cannot fully capture the many dimensions of teaching pratt&caevertheless reminds us that instruction
can be low- or high-quality in ways that are independettief behaviorist/constructivist orientatio.

Drawing on research on how students learn, “well-spec#iigtistical models” and also on “the
consensus of instructors about what works”, Grubb providesaearguments to support the claim that
“balanced/constructivist” approaches to pedagogy are pedfenr‘behaviorist” ones for remedial
student$? Taking both of his dimensions of teaching into accotnetn t Grubb argues that the ideal type
of community college remedial math instruction may be Boétanced” and “high-quality”. Most of the

3 |bid, page 11.

% |bid, page 12.

“|bid, page 3. For me, constructivist pedagogical approachésaateng approaches that stem from constructivist
theories of learning. One of these iiadical constructivism...the philosophy that knowledge cannot be provided i
some final form from...teacher to student but must be activedyrdbed in the mind by each learner in his or her
own way. The responsibility for expanding what one knows, or for cotisy new knowledge, rests primarily on
the learner and his or her efforts to achieve understandiAgdther theory i§social constructivism [which]
maintains that students can better build their knowledge whereihbedded in a social context. Thus, the
interaction between teacher and students is enhanced when it inadiveader community of learners--that is,
students working together. Students help one another create rielaginmgs for new mathematical contenftiese
definitions are drawn from the articleC6nstructivist Mathematics and Unicorndly Lee Stiff in theNCTM News
Bulletin, National Council of Teachers of Mathematics; July/Auq@€1.

! Ibid, pages 7-8.

*2 Grubb also points out that some aspects of teachiniygai not independent but are quite specific to the
behaviorist or constructivist tilt of a lesson.

3 Ibid, pages 4-7.
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pedagogy Grubb’s team actually observed was behaviorist andulalitygthough, suggesting to him
that there is much room for improveméht.

Math Teaching as a Cultural Activity

Stigler and Hiebert were “amazed” at how little veioa they saw in U.S. math teaching in the video
study. To help explain this, and also why traditionallieay methods are so resistant to change, they
define teaching as a “cultural activity”. For them,

“...[teaching is] learned implicitly, through observation and paipiation, and not by deliberate
study...This might be surprising because teaching is rarely thoughtro$ way....some people think
teaching is an innate skill, something you are born with. Ottién& that teachers learn to teach by
enrolling in college teacher-training programs. We believe thdaheeare the best description.
Teaching, like other cultural activities, is learned througloinfal participation over long periods of
time. It is something one learns to do more by growing up iftareihan by studying it formally?®

Culturally-developed beliefs about teaching and learningreo to Stigler and Hiebert, include beliefs
about mathematics as a subject, how students learn, aapipiepriate roles of the teacher and students
in the classroom. Most U.S. teachers in their study “bdtdhas if mathematics is a subject whose use

for students, in the end, is as a set of proceduresffong problems.“6 With this view of mathematics,

“it would be understandable to believe that mathematitmarned best by mastering the material
incrementally, piece by piecé”The role of the U.S. teacher, then, is to shape “theitéskieces that

are manageable for most students, providing all the infiltomaeeded to complete the task and assigning
plenty of practice®

Stigler and Hiebert argue that it is difficult to charnlgese practices precisely because teaching is a
culturally-driven activity.

“The more widely shared a belief is, the less likely ibibe questioned—or even noticed. This tends
to naturalize the most common aspects of teaching to the pointdichets fail to see alternatives to
what they are doing®®

Changing teaching is also made more difficult because teaaleonly one part of a complicated
educational system that tends to reinforce traditiapproaches to instruction. Stigler and Hiebert point
to the physical classroom setting, textbooks, districésihajectives, students, and the organization of the
school day as factors that can reinforce traditiorsadhisng methods, and “changing any one of these
individual features is unlikely to have the intended effett.

“Teachers asked to change features of their teaching oftenyrtbdifeatures to fit within their pre-
existing system instead of changing the system itself. $tagrsgssimilates individual changes and

*4 Ibid, page 8. Grubb’s team did encounter some math instrwaharsvere experimenting with “balanced”
pedagogical approaches. Some of these were drawing brcoreitula connected to National Council of Teachers
of Mathematics that were originally created for K-12teats. Still, this was rare, and math instructors wieee
least likely when compared to other basic skills ingtirs (reading, writing, and ESOL) to deviate from “rerakdi
pedagogy’.

“5 The Teaching Gappage 86.

“% Ibid, page 89.

“7 Ibid, page 90.

“8 Ibid, page 92.

“9 Ibid, page 100.

*0 Ibid, page 99.
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swallows them up. Thus, although surface features appear to chanfimdhenental nature of the
instruction does not>*

Pressuring instructors to adopt individual reforms that@aecognize that teaching is a deeply-held
cultural activity can have several possible negative consegage

“Teachers can grow weary. They are asked over and over to changayhé&ey do x, y, or z. Even
when they try to accommodate the reformers and adopt a new featwe, nothing much happens.
They do not notice much improvement in students’ learning...Alwaysiehaagd yet staying the
same, is a discouraging state of affairs. It can lead to eatlist kind of cynicism>®

Stigler and Hiebert point out through others’ researchtlagid own classroom observations that
superficial adoption of reforms can actually lead to wdesching than traditional instruction left alghe.

The most significant recent test of the durability of eerican” way of teaching might be the K-12
reform efforts of the National Council of Teachersvisfthematics (NCTMJ? The first NCTM standards
documents were widely disseminated for years beforeitle® gtudy. These standards challenged
traditional teaching in fundamental ways, including the tgig assumptions about how students learn
and the appropriate classroom roles for teachers and &udénost all (95%) of the U.S. teachers in the
video study said they were “somewhat aware” or “very atvairreforms advocated by NCTM.
Moreover, 70% of the teachers indicated that they implemehgereforms in their classrooms and that
evidence of this would be observable in the videotapesn\8tigler and Hiebert’'s team viewed the
classroom videos, though, they “found little evidence ofrmef@t least as intended by those who had
proposed the reforms:® Regardless of one’s view of the quality of the NCTMdgads, the video study
provided a national sample of classroom teaching showinghéhatandards may not have had
widespread impact on teaching practice. Stigler and Hieloget! that the Japanese lessons they observed
did a better job of displaying the kinds of thinking, problem sgjvand discourse emphasized in the
U.S. reform document.

Culture and Remedial Math Reform in Community Colleges

The “remedial pedagogy” that was consistently observedrbils®s team across math classrooms at 13
colleges can also be seen as a reflection of cultndasgstemic forces—forces that may be even more
resistant to change than in K-12 settings.

Much like K-12 math teachers, community college remediahnmstructors also attended school for 16+
years where their conception of math teaching and learniaghaped by their own observation and
participation. Something that may distinguish college remé&us#iuctors from K-12 math teachers is that
the college instructors were probably among the most suatessth learners in the schools and colleges
they attended. Traditional math teaching worked very welitfem. College instructors also have less
pre-service training than K-12 teachers, and so have fewan) opportunities to gain early exposure to
alternate instructional methods.

*1 |bid, page 98.

*2 |bid, page 100.

>3 |bid, pages 99-100 and 106-108.

> NCTM’s Professional Standards for Teaching Mathers1i@91) articulated teaching practices that would
support the Curriculum and Evaluation Standards for Sdflatiiematic41989). These documents, along with one
focusing on assessment (1995) were combined and revisedRrirthiples and Standards for School Mathematics
(2000). This most recent document is available at httpWwinatm.org/standards

5 The Teaching Gapages 105-106.

*% Ibid, page 106.
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And even though cultural forces and the absence of pre-séraicielg may incline college faculty
towards “behaviorist” approaches, this does not mean tmattte not working hard to try and help their
students be successful. The reality is that many famétybers are doing as good a job as they can and
are dismayed by their students’ lack of success. Thevithdil efforts to improve the situation may not
succeed, though, because isolated faculty members ambladd address the larger system that makes
remedial math teaching and learning so difficult.

One factor limiting faculty members’ ability to improve ithewn instruction is inadequate instructional
time. Remedial math syllabi are choked with content, antedial courses generally meet 60 or fewer
hours in a semester. Within these constraints, the gplgrant way an instructor can move through the
syllabus is to teach in an extremely “behaviorist” manmiis approach is not really as efficient as it
seems, though; rushed lectures and demonstrations ofipreseare exactly what did not work for many
remedial students in earlier grades. Department-widssssats that are tied to content-packed syllabi
only intensify the pressure to move quickly and make “behavti@pproaches even more likely.

Community colleges also generally provide few opportunitiesfigoing professional development that
would help instructors move towards more “balanced/constisitf and/or (taking Grubb’s shorthand)
“high-quality” teaching methods. Grubb’s team found this toibepgointingly true in the California
community colleges they visited.

“[Professional development] in California colleges is particulagdoor; colleges offer “flex days”
where faculty attend workshops of their own choosing, with most subjaetlated to instruction.
Workshops include such topics as CPR, creating retirement asgtipstfor vacations, and the
initial day of the college where the president introduces nevitfaand programs. Adjunct faculty
rarely attend, because they are paid only for teaching...community esliiegur sample have no
systematic ways of improving the quality of instruction, eithiéasic skills or in any other
courses. Elsewhere, colleges have developed ongoing forms of ipraiedevelopment...but these
appear to be rare, and they were certainly absent in the 13 celleg@bserved™

Especially over the past five years, and in response tostemdy poor outcomes for students who place
into remedial math courses, there have been increaslisgar institution-wide (and not just individual)
reforms of remedial mathematics in community collegethdéta@han addressing the instructional
methods that dominate remedial math classrooms and teatand systemic factors that keep those
methods in place, though, the most popular reform effottmycsidestep the critical issue of teaching
practice. Consider the following common approaches to reform:

Revising syllabi-Initiatives to revise remedial math syllabi are gaitedimited to very modest tinkering with
the ordering of topics. It is rare that learning goalsecensidered in fundamental ways or that the number of
topics is trimmed so that instructional methods canmipeaved, deeper student understanding can be
emphasized, and the need for re-teaching can be reduced.

Selecting a textbook or curriculurThe process of reviewing textbooks or curricula can beaoréunity to
explore contrasting instructional approaches. Rareighiit community college programs adopt a textbook
or curriculum that emphasizes “balanced/constructivigt@aches, even this step would not guarantee any
changes in actual teaching practice. A textbook or cutnicwhay only be used only for its problem sets and
not as a rich guide for developing mathematical idesbtldis may be more likely with more innovative
materials’® As Stigler and Hiebert put it, “even textbooks can get swdrbgehe system>®

57 u

Quandries”,page 21.

*8 For more on the growing literature that comparetetided” to “enacted” curricula, see Mathematics Teecht
Work: Connecting Curriculum Materials and Mathemalisstruction edited by Remillard, Herbel-Eisenmann, and
Llyod, Routledge; 2009. My own experience over several yaeding curricula for use with GED and high school
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Expanding use of tutorsCommunity colleges spend considerable resources hiringrandging tutors for use
in math labs or other tutoring configurations. Unfiodtely, tutors rarely receive any meaningful pedagogical
training, their content knowledge can be uneven, dmehvthey are separated from faculty, the assistaege th
provide to students may not align well with what faculgnnbers are doing in the classroom.

Expanding computer-based instructietlany colleges are considering or have already begun using acamput
labs to supplement or replace human instruction. Theseaseffrackages generally emphasize procedural
60

math knowledge and, according to Grubb, replicate “remh@aédagogy™

Creating specialized placementSeme colleges are experimenting with new ways of groupmegdml math
students based on their placement test scores or tlegsghin a particular course of study. “Modularized”
programs invite students who seem to show proficiem@grtain content topics to only do a portion of a
remedial course rather than the entire, semester-loag @arning communities or linked courses may be
arranged so that faculty can become more familiar wéihgle group of students and in some cases integrate
content between a remedial and credit-based course (thaags fess common with mathematics than
remedial reading, writing, or ESOL). Special “repeatsttions may also be created for students who did not
pass a remedial math course on a previous attempt.

Adopting “express” or “accelerated” courseslin order to try to move students with significant remegfiath
needs more quickly into credit courses, colleges aresalserimenting with the intensity and duration of
instruction. “Express” courses may provide students withtaitged option, often in the summer session.
“Accelerated” courses may provide the same or fewarshof instruction as a typical semester-long course,
but compress it into less calendar time by boosting weektyuction.

These popular initiatives all have something in common—thegstinever include a substantial
rethinking of teaching methods. Instead, the reforms amownmere “reshuffling” of traditional

teaching practices. The reforms give the appearance of chratige students may sit in a computer lab
instead of a classroom, with a tutor a bit more ofbeim longer class sessions over fewer weeks, but the
actual mathematical content they encounter and the iegstemanded of them are not different.

In the case of community college remedial math educatien, there is quite a lot of recent interest in
reform but there is no general recognition that teachingadstcan or should improve. Improved
pedagogy is not even a goal of most reform efforts. Huunzd researchers tend to follow this lead and
produce evaluation studies of pedagogy-free reforms. Theityoaf studies (qualitative or quantitative)
showing that any of the above reforms are making a substampiatt on student learning should signal
to us that one or more fundamental issues are going unagftiress

One organization that has made a clear case that imstrsbould be improved is the American
Mathematical Association of Two-Year Colleges (AMAT)©ne of the professional organizations for
mathematics faculty at community colleges. AMATYC prodlstandards documents that were clearly
influenced by the earlier NCTM standards. The fafdheseCrossroads in Mathematics—Standards for
Introductory Mathematics Before CalcujJugas endorsed by a host of other organizations inclutimg
Mathematical Association of America and NCTM he pedagogical standards containe@riassroads
pointed to the importance of creating interactive andibollative learning environments, of making

math students, and leading professional development agiwtth instructors, has shown me that behaviorist-
inclined instructors, without intensive professional dewaent, tend to revise “balanced/constructivist” atiéigi
so that they conform with their typical practices.

*9 The Teaching Gappage 98.

¢0 Quandriespage 10.

61 “Crossroads in Mathematics—Standards for Introductory College Matien®efore Calculus’prepared by
the Writing Team and Task Force of the Standardstooductory College Mathematics Project, Don Cohen,
Editor, American Mathematical Association of Two-Y€&2lleges; September 1995.
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explicit connections to other disciplines, of valuing mudtippproaches to problems, and of developing
students’ ability to think independently (by making conjecturesgeneralizations, among other
means)’ The standards also took a clear position in support afteartivist learning theories:

“The standards for pedagogy....are compatible with the constructivist gioiew. They
recommend the use of instructional strategies that providetfioient activity and student-
constructed knowledgeé®

A second AMATYC document titleBeyond Crossroads—Implementing Mathematics Standards in the
First Two Years of Collegwas created as an update to the earlier documentsandwade for achieving
the standard¥.Beyond Crossroad®cused on the need for faculty to draw on a varietysifictional
approaches (including “student-centered” and “teacher+@efitapproaches) to serve a diverse group of
learners. The document emphasized the importancetwédearning”, and pointed to
collaborative/cooperative, discovery, “question-posing”, antngriactivities as good ways to spur tffis.

In their substance, both AMATYC documents recommended a maxagds more
“balanced/constructivist” instructional approaches, but teesedards appear not to have impacted
typical remedial instruction in a significant way. Of ceeia similar disconnect existed when Stigler and
Hiebert compared the NCTM standards to teaching initheostudy.

The Statway initiative is another example of a significzfort that is underway to transform remedial
math teaching in a “balanced/constructivist” direcib8tatway actually imagines a new remedial
mathematics pathway for students entering colleges isdtial sciences, arts, humanities, business,
applied technologies, health sciences, and other so-caledSTEM” fields®’ Rather than accepting
that these students should spend time (and often languisdthedial math courses that are focused on
algebra topics that will prepare them for pre-calculus atmitus, Statway advocates argue that a year-
long rigorous course in statistics that blends remediatoincredit-based study will be more useful for
these students given their academic and career goalsagtant only calls for changes in math content
for these students, but also for pedagogy that diverges faalitianal practices. In theinstructional
Design PrinciplesStatway organizers have stated their desire to caeatarse where “teachers and
students [will] attend specifically to concepts” and not dalprocedures, and where students will be
“discussing meaning underlying procedures, comparing and contrastuigpn strategies, [and]
considering how problems build on each other or are specige(eral) cases of each oth&The
Principlesalso point to the importance of “struggle” in the learrpngcess. In their conception,
“struggle” refers to moments when “students expend effaridke sense of math, to figure something
out that is not immediately apparent,” and when these iexpess are carefully constructed, it can lead
students to “work more actively...to make sense of thet@tuyavhich in turn leads to interpretations
more connected to what they already knéWStatway organizers have constructed a substantial retwor

%2 |bid, pages 15-17.

%3 |bid, page 15.

64 “Beyond Crossroads—Implementing Mathematics Standards in th@WissYears of College’prepared by the
Beyond Crossroads Writing Team, American Mathematisabagiation of Two-Year Colleges; November 2006.
% |bid, Chapter 7.

% statway is supported by the Carnegie Foundation for tivacement of Teaching, and involves faculty
members at 19 colleges in five states.

67 STEM is an abbreviation for “science, technology, eeeiing, and mathematics” fields of study.

% TheStatway Instructional Design Principlegere outlined in a slideshow presented by Bill Saundeteeat
Statway Summer Institute; July 2010.

% Ibid, slides 12 and 13. The extent to which students are taytge” in math classes was also a powerful theme
raised by Stigler and Hiebert when examining cultural assangabout how students learn mathematics and the
appropriate roles of teachers and students in U.S. ande¥spelassrooms. Because mathematics in the U.S. is
generally viewed as a series of procedures, and matterstbftught to be learned best by mastering skills
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for collaboration, reflection, and support as faculty tqaitdt lessons for the new course, a recognition of
the challenge of promoting non-traditional pedagogy across If®epad institutions. It will be

interesting to see how the pedagogical values outlindgeiArtnciplescompare to the teaching in actual
Statway classrooms as the project moves past its pésieph

Math Teaching and Learning in CTI

In my view, the promising outcomes for CTl math studeatstbeen accomplished not by “reshuffling”
traditional remedial math teaching practices but by diverdiagatically from them. The CTI math
course rests on a set of beliefs held by a team wtigters regarding the nature of mathematics, how
students learn, and the appropriate roles of teachergwa@hts. The paragraphs that follow will review
these beliefs and the teaching practices that stem frem'? This description should reveal that CTI
math pedagogy is closer to what Stigler and Hiebertreeden Japanese classrooms than in U.S.
classrooms, is closer to what is depicted in the AM&Tstandards than what was observed by Grubb’s
team in California remedial classrooms, and is claserhat Statway organizers aspire to than reform
efforts that remain silent on teaching practice.

The teaching materials and instructor practices inr@ath stem from the view that mathematics is a
subject that is not limited to a set of procedures,ahe that involves relationships between
mathematical concepts, procedures, and conventions.

The CTI math course has been designed in accordance lef in the importance of student-
constructed knowledge. This includes a belief that studentstract knowledge best when new ideas are
connected to previous understandings (and misunderstandings), anstwdenis are socially active in
conjecturing, investigating, discovering, justifying, critiquiagd reasoning with each other and the
instructor about new ideas.

In light of the above beliefs about the nature of mathematidshow students learn, the activities and
discussions in CTl math are organized so that studeats sesponsibility with the instructor for
developing new mathematical ideas. Students are often tsgeapple with non-routine problems and
compare their different solution methods. The mathem#iadsstudents do and think about is the
centerpiece of the classroom through an intense foctsudtent talk”, and student descriptions of their
mathematical thinking (in formal groups, in informal pa&sd in all-class discussions) are as important
as the answers they arrive at for specific problérRealistic contexts and number relationships are
frequently used so that students connect their prior ulathelisgs to more formal and complex
representation?.OveraII, students are involved in a rich set of taskblerclassroom, including

incrementally, practice should be relatively error-free, with high levelswécess at each point. Confusion and
frustration...should be minimized; they are signs that earlier matesa not masteretiBased on their
observations of Japanese classrooms, thowye ‘tan infer that Japanese teachers believe students ledtdmybes
first struggling to solve mathematics problems, then partiaigati discussions about how to solve them, and then
hearing about the pros and cons of different methods and the relaperisttiveen them. Frustration and confusion
are taken to be a natural part of the process, because each persostiggle with a situation or problem first in
order to make sense of the information he or she hears @b@asstructing connections between methods and
problems is thought to require time to explore and invent, tenmaktakes, to reflect, and to receive the needed
information at an appropriate tinieThe Teaching Gappages 90-91.

9 Additional description of the teaching and learning peastin CTI can be found More Than Rulesyages 27-

32.

" SeeMore Than Rulegpages 29-30 for more on the importance and facilitatiéstudent talk”.

2 SeeMore Than Rulegpage 29 for more elaboration of this idea, Apgendices Hindl in that paper for detailed
examples from the curriculum. “Contextualization” is off@inted to as an innovative pedagogical approach, but in
practice may not differ much from strictly “behavidtieaching. One type of “contextualization” occurs wiaen
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investigating relationships and patterns that are put btfene, generalizing relationships based on their
investigations, applying concepts in new situations, and piregiicocedures in order to build accuracy
and fluency’®

The fact that students share responsibility for developielg tinderstanding of mathematical ideas does
not mean that CTI instructors are passive in the classrébane are almost no instances where CTI math
instructors need to lecture or state a mathematicalorutelationship to students, but they have the very
challenging task of orchestrating students’ participation usamgfully-designed examples and
discussions. The only instances where a CTI instructor reay “give” students knowledge is when

they need to share conventional notation or vocabulary tndgrgs cannot discover and have not been
exposed to in earlier coursé€<CTI instructors also aim to create a supportive environmbate errors

and struggle are treated as natural and importarg piithe learning process.

In my view, the most interesting outcome after two stame of the CTI math course is that
“balanced/constructivist” teaching approaches have helped studanake significant gains in all
strands of mathematical proficiency. The importanbploere is that students do not need to sacrifice
improvements in their procedural skills in order to imprdwartproficiency in a more comprehensive
way.

Atfter three years of work developing the CTP and CTI ngatirses, | am convinced that poor outcomes
for remedial math students are not inevitable. My expeegehave led me to believe that more
“balanced/constructivist” pedagogical approaches can play@ortant role in helping students—even
students who enter college with very weak skills, undedstgnand confidence—to learn a lot of
mathematics. To achieve these gains, however, a numbnetitftional and other conditions need to be
in place so that high-quality “balanced/constructivistipagogy can emerge.

instructor adds a few application problems to the ervehett is a teacher-centered, procedurally-focused
demonstration. In these cases, the application prebbam be quite mundane, require that students merely repeat
the procedures they just practiced, and fail to meaniygéutiend student thinking. One positive outcome that could
stem from this “behaviorist-contextualization” is thatdents may develop a sense that the mathematics being
studied is actually useful for something. In general, thoreghlistic contexts in the CTI math course can be used in
very different ways; contexts are used as a part of dewveg (and not just practicing) new ideas. As is shown in
Appendices Hindl of More Than Rulesstudents solve realistic problems with the knowletigg already have,

and these solutions are the raw material that instrsichraw on to guide students towards more formal and
challenging representations and concepts.

3 SeeMore Than RulesAppendix Gor an example of how an exploration of function inputs arguis is a part

of a student-centered, conceptual approach to introducipg. SeeAppendix For an example of how procedural
knowledge of an exponent rule is constructed through studentgieatons after working with multiple examples
and not in a more teacher-centered way as a piece ofdahgsvthat is stated by the instructor.

4 SeeMore Than RulesAppendix Gor an example of how students can be guided to do the warkcokering
mathematical relationships, while the instructorex the observations and attaches the conventiorebwiacy

to them (in this case, “rate of change”).
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More Than Reshuffling

If a group of faculty at a community college decide thay thant to experiment with or commit to more
“balanced/constructivist” pedagogy in their remedial ma#tes program, a range of practices need to
be reconsidered to make this possible. This includesaainigrnew approaches to learning goals,
remedial math content, instructional intensity, studeséssment, and most importantly, faculty
development.

Extending learning goals

Learning goals for remedial students should include moreligta of mathematical procedures. The
strands of mathematical proficiency outlined by the Nati&®esearch Council, ttf&andards for
Intellectual Developmenh Crossroadsor some combination of the two would be a strong fotimala
for determining a comprehensive set of learning goals ircammunity college remedial mathematics
course. Of course, adopting an ambitious set of learnialg gothe easy part; many remedial math
syllabi already include impressive-sounding lists of lesgmgoals. The challenge lies in creating tasks,
discussions, assessments, and classroom environmentsuladly delp students reach those goals.

Reorganizing content

The choices faculty make in determining remedial math abctn create (or limit) opportunities to
improve pedagogy. Firstly, remedial math programs ougladmnsider the typical separation of pre-
algebra and algebra content. The number of topicanedl syllabi should also be scaled back so that
the content can be examined in more depth. Finally, chamgesdd be made within remedial courses and
in remedial math pathways so that students study cahi@nis coherent in its organization and is aligned
with their academic and career goals.

Most students who manage to pass the COMPASS pre-alglelssanent exam but not the algebra exam
still have deep number weaknesses which haunt them laiderfss who need one or both levels of
remedial math take the same CTI course, and this drees opportunities to improve their number
abilities at the same time that these number taresised to illuminate algebraic ones.

Adopting a CTl-like Phase One/Phase Two structure woldd/a program to blend pre-algebra and
algebra content for all students and still provide sensliffierentiation. Some students entered CTI only
needing to pass the algebra exam but required both Phase®iRbkase Two (18 weeks) to do so. Others
needed both pre-algebra and algebra but were able to pagsxaoth after Phase One (12 weeks). Any
“Phase Two” -type structure should take account ofpngthen, and extend what students do in the core
instructional period—not ignore and repeat it.

Rather than grouping more remedial mathematics stugi¢atblended courses, several colleges are
actually moving in the opposite direction by adopting “moduéafizprograms. These programs attempt
to dissect a remedial course into smaller “modules” and¢arsputerized tools to place students only into
the modules they appear to need.

When modules are taught by human instructors, it igdiffto establish classroom norms around
mathematical language, listening, questioning, and wotkigether (which have been so important in
CTP and CTI) because new students may enter or exibdine after just a few weeks of study. Allowing
some students to skip a module also does not recognizesthibefigood instructors will “scaffold”

learning over a semester, teaching early topics ingodati ways so that the techniques and understanding
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that students acquire early on will pave the way for tteemaster more challenging topics. Students who
clicked their way out of a module (whether they have deep uadedisg of the topics or not) will not
have the benefit of those earlier experiences.

Modularized programs also frequently rely on computer-bmsédiction rather than human instructors.
These software tools generally use “teacher’-centeresdagipes in which mathematical procedures are
demonstrated by the software and are practiced and (hopefhastered by the student. Most of the
software tools do not give students sufficient opportunitieetemunicate their reasoning, ask and
answer questions with other students, explore alternstiuéion strategies and representations, or to
participate actively in the development of new ideas thraudyrctive reasoning or other more student-
centered approaches.

The recent popularity of modularized programs rests ord#daethat if we can “individualize” instruction,
we can improve students’ persistence by not wasting #awhing them what they already know.
Modularized programs put enormous faith in computerized diagrtosis to determine what students
know, but the problem here is that students’ mathematical undgirgga and misunderstandings are
terribly complex and cannot be parsed in this way. Thispe@ally true when we think about students’
mathematical proficiency in a broad sense, and notisowlg as an incremental set of procedural skills.

Modularized programs also can be seen as a responsect@tlenge of student heterogeneity in the
remedial mathematics classroom. Rather than seeinggetsity as a problem, though, students’
different experiences and ways of viewing mathematedationships can be an asset in a classroom
when these differences are celebrated and mined for discu€3il math instructors expect that students
will provide a range of appropriate and different solutionho@s or representations to problems
precisely because of their entering differen@@he important task, then, is for the students to examine
the different methods or representations to determine hovatieegonnected, if they are equivalent, the
advantages or disadvantages each may have, or if tieeeerars that can be found. There is a similarity
here to the way that Stigler and Hiebert described Japarachers’ approach to differences among
students:

“For the Japanese teacher, the differences within a group areficeaidecause they allow a
teacher to plan a lesson more completely. Japanese teachergegtans by using the information
that they and other teachers have previously recorded about stulileglisiesponses to particular
problems and questions...They can then plan the nature of thesitisctit is likely to occur. The
range of responses also provides the vehicle teachers use tthmeeeds of different student§.”

Of course there are some cases where students may beipléee@ Tl math course with exceptionally
strong or weak ability, and this can provide a real ehgk to the instructor. These situations are a result
of problems in the remedial placement system, thoughl el address these more directly below.

Aside from blending content, another important contenetbasform that is necessary in any move
towards more “balanced/constructivist” pedagogy is a temlut the quantity of topics in remedial math
syllabi. Even with an increase in instructional intgnghe extensive list of content topics in most

S An example of this is the first activity involving expants in the CTI math curriculum. Rather than having the
instructor lecture on exponent notation and its meaittiregstudents are organized into groups and work on a
challenging functions problem involving the number dbes that will be needed to continue a pattern. The student
created functions that result often include all thefaihg:y = })(X)(X), y = () (), andy = x® . These different,
equivalent function equations flow from the different sélyat the groups solve the problem. Once students agree
that the function equations are equivalent, the studentsi(dride instructor) are the ones who have discussed and
agreed on the meaning of exponent notation.

® The Teaching Gaypages 94-95.
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remedial math syllabi make it almost impossible to doenthan lecture on procedures. Removing topics
from a syllabus might be criticized as a call to lowatimmatical standards, but it need not be viewed
that way. Prioritizing fewer, vital topics will allogtudents to be more involved in their learning process,
to do substantial, mathematical thinking rather than endtéisson procedures they do not understand,
and will reduce the need to re-teach topics in ladarses. Trimming content that does not connect well
to major course objectives actually could contribute toencoherent courses.

A larger issue of coherence exists in the relationshitadrof relationship) between remedial math
content and the content in credit-based math coursesttitnts take later. Like most community
colleges, the CUNY system of math placement exams, renradthlcourses, and remedial exit exams
requires that all degree-seeking community college stadevie or develop algebra skills that are
aligned with and prepare them for the “college algebra—preHees—calculus” sequence. This is the
case even when those math courses are not relevattifients’ academic or career goalghis means
that large numbers of community college students at C{hfuding CTI students) who ultimately
enroll in credit-based courses other than college algespadrlly statistics) have not studied remedial
math content that would prepare them well for those ceu3ee alternative to this system would be to
create a functions-based remedial algebra course for sfudlkatare not entering math-intensive or
STEM majors. This course could emphasize the studynotifans in realistic and real settings, the
intersection of algebra and statistics, and the useaphghg calculator and other technologies. Another
alternative for these students would be a Statway-likeseathat blends remedial topics into a year-long
statistics course. If any new remedial math pathwagsntioduced, it adds an advisement challenge
because it is very important that each student deterrthiegsown appropriate pathway when they enroll
as freshmer?® This challenge seems worth taking on, though, and coudddestronger student outcomes
in credit-based math courses.

Poor alignment of math content (and high stakes assesshimked to the content) can actually put
students at a disadvantage at multiple junctures in¢lairational careers. The New York State Regents
exams, the GED, the COMPASS math placement exams, remetlatourses, and introductory credit-
based math courses all may have different notions abottmdthematics students should know and be
able to do. As a result, math courses at any of thagest-even very high-quality math courses—may
not do a good job of preparing students for what comes next.

" An emerging exception to this is The New Communitjlege Initiative at CUNY (NCC). This seventh CUNY
community college is scheduled to open in the fall of 2012.N®€ faculty and administration plan to require all
students to complete a credit-based statistics courkeiirfitst year of study. Those who enter the colledh
significant math weaknesses will not do any zero-creditedial courses, but will do the statistics course ove
semesters with the basic skills work incorporated whismieeded. Students in the human services, liberabads,
other non-STEM courses of study will complete theirmiatjuirement with the statistics course. Students in STEM
and business fields will continue after statistics albiegttaditional sequence of courses that lead to calctiese
certainly are similarities to Statway here for f®hEM students, but the NCC plan differs from Statwathat all
students (even STEM students) will begin by completingtestta course.

8 At CUNY community colleges, new students are asked tametheir course of study when they apply and
enroll, even when they do not have good informatiomoleustanding of the academic and job implicationgisf t
decision. Associate’s Degree programs can include fegtiet courses, making it sometimes difficult for wdsint

to change his/her course of study without having to td&@ianal credits and potentially impact their long-term
financial aid eligibility. If more than one remedmhth pathway exists, a student who changes his/her mind and
winds up changing pathways would have the same problean. iEa new remedial math pathway is not developed,
there continues to be a pressing need for high-qualignsive academic and career advisement for stuiskents
advance otheir first semester.
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Boosting Instruction

A remedial course targeting a broad set of math leagoats will require more instructional time than a
typical 45- or even a 60-hour course. CTI has demonstrategl weny promising results in its 130-hour
course, with more instruction in Phase Two for thoke need it. Additional instructional time is not
recommended here so that students can simply be drill@dore procedures through worksheets,
computer software, tutoring labs, or other forms of “suppteaieinstruction’® More time is needed in

the classroom with an instructor so that students cak @oand discuss a rich mixture of activities that
will develop their mathematical proficiency in broad waysidents need time together to explore,

justify, critique, question, conjecture, struggle, and gdizer as they examine mathematical relationships
and develop and deepen their understandings.

The instructional intensity of the CTI math course mayear extraordinary at first, but we should
remember how many students do not pass traditional rencedieses and then repeat them at least once.
The intensive Phase One CTI course also blends pre-algethi@lgebra content, helping many students
to complete two levels of math remediation in one semeste

Rather than considering increases in instructional iitenlough, most colleges are trying to reduce or
compress hours spent in remedial math courses through “exprée's€telerated” instructional models.
Express or other abridged courses presume that studentseealya “brush up” in their skills, but we
have found that the majority of students who place iaeedial math (including those who place into the
highest remedial math level) instead have very deep matknesses. If there are some students who
only need a refresher course, computerized placement exapwmoatiastruments for detecting who those
students are. We should also consider the negative conseguérexpress courses for students who have
fundamental academic weaknesses and who do not succeechitieeflurry of algorithms presented in
this rapid-fire form of behaviorist teaching probably atidstudents’ confusion, frustration, and certainty
that they cannot learn math. A better approach withh welak students, if there is support for a few days
or weeks of instruction in advance of the main semesterld be to spend the time carefully establishing
deep knowledge of a very small number of foundational topics.

“Accelerated” programs may not reduce instructional tibug compress it as a way of appealing to
students who might otherwise be frustrated and impatiehtttweir placement in remediation. As is the
case in traditional courses, accelerated coursetead| to behaviorist teaching methods because the
instructional intensity and packed syllabi generally do Hotafor anything else. Because the teaching
remains basically unchanged, it is unlikely that acceddrprograms can achieve significantly better
results. Moving towards more intensive, “balanced/constigttteaching methods can help to reduce
students’ frustration with math learning, and this may lieém to stay connected and become more
patient learners—something they will need in subsequentamdtither college courses.

" Tutors who do not have extensive training can unirieatiy undermine “balanced/constructivist’ pedagogy
from the classroom. For this reason, CTl instructlarsiot send students wanting extra help to college mgtdabs
where CTI pedagogy is unlikely to be reinforced. Indt&2T | instructors will spend extra time with students olgsi
of class and also encourage students to form study groupy.@bups can develop quite naturally because of the
constant student collaboration that goes on during sksssons. CTI does use a few of its own tutors, but only
under very specific circumstances. A student may beco@id aath tutor after she has demonstrated excellent
performance in the CTI course, when she is enthuselstiat the our teaching approaches, and when the instructor
is confident that the student will be able to reinfatoese teaching approaches. Tutors work with students alengs
the instructor during class sessions. Colleges can spgmificant resources on the vast array of tutoring
arrangements (including physical space, computer hardwdrsoftware, hourly pay for tutors, pay for managers
who must coordinate their work, etc.), and it is wathsidering whether some or many of these resouriggg e
better spent adding instructional time to remedial matinses.
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Because the full CTI program requires students to méildetame commitment, this raises the question
of what can be done to serve students who cannot attendsckiskeurs per week. Part-time students
who are placed into remedial math need an intensive ctoarree same reasons that full-time students
do. In order to benefit from more intensive instructitient part-time students would likely need to
devote an entire semester of study to this type of rexhawith course.

Improving Student Assessment

Assessment of remedial math students generally occtheeatdifferent points—when students take
placement exams and are put into specific remedial noattses, during those courses, and at the end of
the courses to determine if the students are ready to mdeendrat comes next. If more
“balanced/constructivist” pedagogy is to take hold, impr@agsessments should be created at all of these
points that reflect an extensive set of learning goals.

Computerized placement exams such as the COMPASS slutld nsed (or should not be used on
their own) to determine course placement because a harfidédponse to multiple-choice questions
reveal too little about students’ mathematical ability—eigplgcability that goes beyond procedural
knowledge. To improve placement, student enrollment should incligfé'imath interviews” by faculty
members using a carefully-constructed set of prompts tbatesigned to gather information on the
student’s conceptual understanding, procedural fluency, reasenimgnunication ability, as well as their
recent math learning history, confidence as a math leasneome other affective measufeBor

colleges who will dismiss this suggestion as too resouteesive, math interviews could be limited to
the subgroup of students whose placement scores lay a cemaler of points above or below the
traditional “cut score®! It is important to be generous in constructing this rangeledts falling below
this range would receive an intensive remedial math epatsdents scoring above this range would be
placed in a credit-bearing math course, and studenitsgfalithin the range would receive a math
interview where a well-informed placement determinatiem lse made.

Math interviews would improve student placement in severgéwaterviews could catch students who
do or do not belong in remedial math classes but whose COBIR&&es indicate the opposite. At
colleges where there is more than one remedial math patktuagnts could learn more in the math
interview about those choices. At colleges where there isco@ypathway, the math interview results
could be used to do some mild ability grouping of studetts‘remedial” and “high-remedial’

sectiong” The interviews might also identify students for “ESOgthremedial” sections specifically
designed for students with strong math ability but who Httlefamiliarity with the language and
notation of U.S. math classrooms. Finally, intervi@esld help to identify students who need additional
testing for potentially undiagnosed learning disabilities.

8 There is some evidence suggesting that placement dedisiore improved when exam scores are combined
with students’ self-reported description of their high stinmathematics preparation. S#essessing Developmental
Assessment in Community Collegég’Katherine Hughes and Judith Scott-Clayton, Comm@uotiege Research
Center Brief Number 50, page 2; February 2011.

8LuCut score” is a common way of describing the minimunsipasscores on college placement exams.

n my view, math interviews and any subsequent groughiogld not be used to separate remedial math students
into pre-algebra and algebra courses because a high-gealiggial math course needs to blend number and
algebra content. Ability grouping should also not be usdidhib“high-remedial” students to something less than a
semester-long course. A good purpose for grouping somerggiinto “high-remedial” sections is to give these
students a course that is just as intensive but that baslttantage of pursing extensions that may not be possible i
more typical remedial sections. In this scenario,tatlents who arrive at the college needing some badis siath
instruction would get an ambitious, intensive, semesteg-tourse.
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During any remedial math course, assessment of studemhipahould be aligned with the extensive set
of learning goals described earlier. To provide timelgrimation so that the instructor can optimize
instruction and so that students can understand their peogn@ards these goals, assessments should
take many forms. Several appropriate assessment tygesdescribed in an earlier section of this paper
and should include discussion of student work in examgjaizdes, discussion of student homework,
discussions and questioning relating to the development otaetent, individual conferences, and also
a variety of student presentations, portfolios, selfsssents, and projects.

Assessments that are designed to determine whether a dtaddigen successful in a remedial course
must be aligned with the learning goals, content, andgoeyizal orientation of that course.
Unfortunately, the COMPASS placement exams have beerati€3dNY to determine if students may
exit from math remediation. It is impossible to say Wwkethe COMPASS exams are in fact aligned with
the content of remedial math courses at CUNY (or ar athieeges where they are used in this way)
because meaningful information on the exams is not shared pulthgher. The simple fact that
remedial course syllabi differ across the six CUNY commuulleges when their students have faced
the same high-stakes exit exams should strike alarm bedisgpassessment experts. The placement
exams were never intended, and should never have beennudeslway. The central CUNY Office of
Academic Affairs is now planning a change to this praciite. plan is to assemble a committee of
mathematics faculty who will agree on system-wide coritgandards” for remedial pre-algebra and
algebra courses. Final examinations will then be developgcih aligned with the standards. This is an
improvement because faculty members are the only approgesitgners of assessments for their
courses. And even though the system of determining when studiéréxit from remediation is

changing for the better at CUNY as a whole, a discaityilbetween the remediation assessment
apparatus and the CTI math course may continue.

Like students in traditional remedial math classeslX'C, CTI students have needed to pass the
COMPASS math exams in order to exit remediation. Thidkas true even though the COMPASS
exams are not aligned with the learning goals or assesswiémtsthe CTI math course. This
misalignment has had important effects on the developafi¢hé course. To the extent that we know
something about the content of the COMPASS exams, we knovihélyaémphasize procedural
knowledge. This has put pressure on the CTI math course walénglite a lot of practice on procedures
while we also worked hard to develop students’ mathematroéiciency in broader ways. And because
the COMPASS exams are not course assessments, they iachigiire of topics that do not necessarily
connect well with one another. This has challenged the coleeoétice CTI math course as it has
strained to weave together a wide variety of topics. Baggnn the spring of 2011, CUNY is moving to
higher cut scores on the pre-algebra and algebra examsjsawdltimtensify the pressure to include
more procedural topics and remove activities (such as ok with functions on the graphing calculator
that students benefit from and enjoy) that do not seatirgotly lead to higher COMPASS scofés.

The plan to replace the COMPASS exams with system-\eiedial exit examinations may not improve
the alignment of the CTI math course and its exit exams system-wide exams will be based on
content standards devised by CUNY mathematics facultyttase standards could reflect traditional
notions of remedial mathematics education including an abuadzrcontent and a narrow emphasis on
procedural knowledge.

The misalignment between the CTI math course and CUN¥éd&l exit assessments is a good example
of what Stigler and Hiebert argued—that components ofdheational system in which teaching takes

8 The minimum passing scores on the COMPASS pre-aligdfpeara exams are scheduled to increase from 30/30
to 35/40.
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place (in this case, the assessment apparatus) can peshstaors to maintain or return to traditional
teaching practice¥.

Investing in Faculty Development

Rethinking learning goals, content, instructional intengihyd assessment help to create the space in
which more “balanced/constructivist” math teaching carrgen The fundamental remaining task, then,
is to invest in faculty development that will help instrustmake substantial changes in their approach to
curriculum and teaching.

Our ability in CTI to develop a cadre of math instructwh® practice high-quality
“balanced/constructivist” pedagogical approaches has dependedumber of factors: instructor
openness to innovative teaching methods, an intensive induetima for new instructors, an interest by
the math team in proceeding in a collective manner, pedaddegaership, and an administration that
supported the work through its experimental phase. Andteaigh CTI and community college math
departments have important differences, the charsiitsrthat have facilitated professional development
in CTI, with some modifications, can do the same for tgdebching remedial courses in community
college settings.

The three founding CTP math instructors shared pedagogilteds that stemmed from curricula and staff
development work we had done together in the CUNY Adult ai@/GED Prograrft After three
semesters, additional instructors were selected whgrddraonstrated pedagogical skill and values
similar to ours, and/or because they were open toifgatine course curriculum and pedagogy as
cooperating instructors.

Because community college search committees generally coasiigture of teaching, research, and
service in their hiring decisions, there can be a good deali@ability in faculty members’ pedagogical
expertise and interests. With this variability in miihanay be prudent for faculty development to begin
with a subset of remedial math instructors who can agnesmme pedagogical values, or at least on some
pedagogical questions they want to investigate together.fGmed, a small group will have an easier
time meeting, planning, teaching, observing, reflecting,ramding their work than a large one.
Attempting faculty development with an entire math departm®uld be very expensive and limit the
intensity of development activities. Working with largembers of faculty might also be hampered by the
reality that some faculty members will not believe anghian be gained from the eff6ftOne way of
identifying an initial group of reform-minded faculty woulde to invite an innovative practitioner (from
inside or outside the college) to host a discussion on “bedérenstructivist” pedagogy, on the research
relating to how students learn mathematics, or on anaper rielevant to instructional reform.

Focusing initially on a subset of instructors—a remediahrtya@form team”—does not mean giving up
on the idea of department-wide change. As the team beginsdwasrpromising practices, these

8 The Teaching Gapage 99.

% The pedagogical values elaborated/iore Than Rulesvould also apply to several pre-GED and GED math
curricula used in the CUNY Adult Literacy/GED Programssitethe four years before CTP began. | wrote those
curricula, and the other two CTP founding instructorS[Gnath teachers at the time) knew them well afsang
and adapting them in their own classrooms. Thesauttsts joined the first CTP math class as cooperatirpées
with a fairly good idea of the kinds of student understandimdp@ped to cultivate, even if we were less certain of
the precise content and activities we would eventuagiselop for the course.

8 Some instructors may believe that low success iatesnedial math courses are primarily due to students’
academic or other weaknesses and that those weakaessagely impervious to different teaching approaches.
Or, some instructors may believe that there is one ejidensible way to teach most math concepts. Irethes
instances, there will be little enthusiasm for iriiggging new approaches.
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practices must be shared with department and college $eatlgting about and presenting this work
more widely is also very important because the writingg@ss helps members to clarify their thinking
about what has been learned and what questions and chalenges®’

The CTI professional development model has two impog@amiponents. New instructors receive
intensive, classroom-based training from a more experignsedctor for one semester, and continuing
CTl instructors join together in a collaboration thadésigned to make incremental improvements in
their teaching over the long term.

An intensive period of classroom observation has be#éalacomponent of instructor induction in CTI.
Cooperating instructors spend one semester alongside sexrpamrenced instructor to study and discuss
the curriculum documents, observe the teaching of the lesssist, students during class sessions, and
gradually take on responsibility for leading individual pgeoéthe curriculum. The induction semester is
vital precisely because CTI teaching practices breakesoatically from traditional practices. In
particular, the cooperating instructors need time to rezegpractice, and get feedback on a range of
classroom facilitation skills that are very uncommon aad ¢annot be fully articulated in any curriculum
document. Even with nearly 200 pages of detailed instruotesnn the Phase One curriculum, it is
highly unlikely that a newcomer could pick up the documentussedt in the way it is intended without
also witnessing several weeks of our teaching. Aftereheester, cooperating instructors become full
instructors of their own classes.

After participating in the induction semester, CTI instous agree to be a part of a group which
collectively decides how the curriculum will unfold each seerds all CTI classroom®. The group

meets to decide when to change the approaches to a togoathdor class discussions, or even to
revise individual examples in discussions, activities, asessments. This collective approach puts an
end to the isolation that is so common among instructomipgEconversations about how to improve the
activities and meet our extensive set of learning goalfoaused and productive because the instructors
can share experiences after using almost identicarieatesith different groups of students. This
intensive focus on continuously improving a shared satwyities bears some resemblance to the
Japanese “lesson study” approach to long-term, incrempnté¢ssional development.

In community college remedial mathematics programs réres that classroom observations, and
discussions about them, are a part of faculty developmemicpsojlhis can change. A fledgling reform
team would benefit enormously from joining together forraester to teach a single class of students.
Depending on the pedagogical experience and interestsniteabers, a semester of observation/co-
instruction could be geared towards learning more abougmoiher’'s classroom practices (by dividing
up the semester so each teaches for 2-3 weeks), tallyaobiserve and discuss the teaching of a faculty

87 Reform team members should develop their skills aheeaesearchers. This should include writing about
students’ precise mathematical understandings and mistzawa@ings and the pedagogies and classroom activities
that seem to be affective in addressing students’'gitrerand weaknesses. Team members should not be dissuaded
from doing this type of practitioner research by othezasshers who seem to only value randomized, controlled
studies. In the papetriproving the Performance of the Education Sector: The Valuablele@balg, and Limited
Role of Random Assignment Evaluatigridirmane and Nelson connect educational research teattkeof Atul
Gawande who has written about the importance of innovatid sharing among doctors. Murmane and Nelson
point out that Gawande’s account of innovation in cyshimBis treatments—specifically, the way that doctors
shared their patient observations with one another—ewasmously successful at improving treatments eveungth
“systematic evaluation research seems to have bedasti. Their argument is that randomized control trizdy

be overvalued in comparison to other types of educatios@hreh, and we therefore may be missing important
opportunities to improve teaching and learning. MurnarieNelson’s article was published in the National Bureau
of Economic Research; December 2005.

8 For more on the “living curriculum”, sédore Than Rulepages 33-34.
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member who has particular pedagogical expertise (morehk€T| induction semester), or to
investigate one or more pedagogical questions the tearestegether. Extensive time should be built in
before, during, and after the semester for the tegtatoand reflect on this work. As the understanding
and practices of reform team members evolves, one tfestevays to share this with other faculty is to
open subsequent classes to observers.

Creating, experimenting with, reflecting on, and revisirsgiaof shared activities across multiple
classrooms would also be very important for a commuatiege remedial math reform team. The goal
here would be to focus conversations about what is workingvaatlis not working by drawing on as
many shared experiences as possible.

In order to design and carry out professional developmedTP and CTI, pedagogical leadership has
been needed. | have been a curriculum and professional deegibleader in the math team since its
inception. Especially in the early semesters, it wagmmant that | was able to identify potential
instructors, draft lessons that embody our teaching anditey principles, analyze college remedial math
syllabi and information that is publicly available on theMFASS exams, observe instructors to provide
feedback on their classroom practice, and organize teaith meetings. It was important that | taught the
classes myself multiple times (to have my own expeeendgth students, and to host cooperating
teachers), and it was also important that | wasffea teaching over other semesters so that | could
focus my attention on drafting and revising new lessonthéocourse when it grew from 42 hours, to 72
hours, and then to 130 hours. Gradually, other members t#ahehave developed very strong skills in
these areas, and this is reflected in their increades in the math team and in the program as a whole.

A community college reform team will also need one or neaders who have a range of pedagogical
expertise and curriculum-writing ability. When this expertlses not exist in the department, the team
will need to look to writings and experts from the outsidadgsist in their work. Colleges of education at
nearby universities could be potential sources of this egpeRresently, |1 do not see colleges of
education routinely partnering with community collegestifiss purpose, even though mathematics
teacher educators spend their time preparing middle and liigbldeachers to effectively teach content
that closely resembles what adult students are stngpgifith in community college remedial courses.
There may be challenges in establishing these typessg-arstitutional partnerships, but it would be
worth the effort if community college faculty could tajpoithe expertise of our math teacher educator
colleagues.

Administrators in the CUNY Central Office of Academiffairs (OAA) and at several CUNY campuses
provided critical financial and other support during the devedograf CTP and CTI. Because CTP
began as a small pre-college program and not in an exedilege math department, we were able to
experiment with content, the sequence of topics,naleassessments, and other features of the math
course. In the first few semesters of this work whetructional intensity was very limited, we saw
promising developments in student learning but they were not geingahe college placement exams at
high rates. Rather than closing down the work because itot instantly show remarkable pass rates,
OAA administrators encouraged us to do what we thoughnheeded to help students to be successful.
They supported the increases in instruction and advisengergquested, and this led to more
encouraging student outcomes in the fall 2008 and spring 2009 c(itestsibed ifMore Than Rulés It
was after more than two years of support for our eafly €fforts, then, that OAA administrators felt
there were enough promising results to establish and frhth@he fall 2009 semester.

A community college reform team will also need support fooftege and department leaders. Resources
will be needed for release time so that faculty may mles&o-instruct, plan, reflect, and participate in
professional development activities. Support will be needstidre findings within and outside of the
department and college. As was the case for CTP andt&fé must be a commitment to support the
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effort over years and not just one or two semesters.ngakis kind of patience can be difficult when
there is so much pressure around the country to find a fiifdk remedial math education. This
patience must withstand outcome measures that may not sipravement or may even dip in the first
few semesters as faculty engage in substantial expedtisentCollege and department leaders should
encourage talented faculty members to work in the refeam by pledging to reward this service as
highly as any other professional activity in promotion andite decisions. Finally, support should
include flexibility so that team members can deviatenfidepartmental syllabi, exams, typical hours of
instruction, or make other changes as a part of their pedagegperimentation.

And while patience is needed among administrators in tiestages of innovative work, another kind
of patience is needed when innovative work starts to shavpremise. Largely because of the
COMPASS exam scores for CTI students, the CUNY admatish hopes to replicate this work more
widely at the University. This planned expansion may posabeage for the CTI math instructor team.
In the early semesters of this work when there weegively few instructors, it was possible (and vital)
for the instructor team to gather in person to discudsvake changes in the curriculum every semester.
Now that there are instructors at four CUNY campusesh (@ins to expand to three more), and these
instructors have different full-time teaching schedaled academic calendars, it is more difficult for the
team to collaborate in person precisely when changes @UhE remedial mathematics testing
apparatus are on the horizon. At the same time, increasangyeis being directed towards finding and
inducting more cooperating instructors who will become @bteach CTIl math classes in the new
campus programs. What we are learning is that it candballenge to simultaneously expand and
carefully improve an innovative math program.

The potential of faculty development rests in the expiectéitat as we gain new insights into student
learning, we will attempt to carry these new practings our classrooms. As community college faculty
reform teams do their work and identify the benefits oferfbalanced/constructivist” teaching methods,
they will need fellow faculty members, department leadsnd college leaders to support more
widespread adoption of these practices. Faculty and adratoist may tend to shy away from addressing
teaching practice directly, perhaps because it seems gecoand difficult to change. It is true that
buying new math software or adding some tutors are muckr éasiccomplish by comparison, but those
changes rarely address the fundamental issues facingctoss and students. | believe that the path to
significant improvement in community college mathematics dthrcanust include fresh thinking about
teaching methods. And while | am very aware of the manfectuges that are involved in a shift towards
more “balanced/constructivist” teaching, | remain hop#fat the recent surge of interest in community
college student success and especially in remedial educatiananslate into more experimentation in
this important direction.
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Appendix B

Enroliment in CTI

Students who are admitted to a CUNY
college, who have taken the COMPASS
placement exams, and who have failed math
and writing (at least) are eligible to join CTI.

Phase One Instruction

12 weeks of instruction including math
(pre-algebra and algebra are blended),
reading, writing, and academic advisement.

Phase One Testing

Students re-test in any basic skills exams they

39

need to pass.

.

Phase Two Instruction for students who
have passed all basic skills exams after
Phase One testing.

Phase Two Instruction for students who
have not passed all basic skills exams
after Phase One testing.

One free, 3-credit course over six weeks, a
student development course, and continued
academic advisement.

Six weeks of study in any basic skills areas they
continue to need (pre-algebra and algebra are
separated), a student development course, and
continued academic advisement.

i

Phase Two Testing

Students re-test in any basic skills exams they
need to pass.

/

Students leave CTI and move into
traditional college courses.
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The chart below shows the distribution of basic skills neadstéidents at the beginning of the CTI semester,
after Phase One, and after Phase Two. The datarafairio outcomes for 113 students because they re-tested

on any basic skills exams.

Entering and Exiting Basic SkillsNeedsfor CTI Students
After 12 After 18
Before CTI weeks of CTl | weeks of CTI
Students who needed to pass all foasic skills exams 30 3 3
Students who needed to pass thyasic skills exams 50 10 3
Students who needed to pass tvesic skills exams 31 14 8
Students who needed to pass basic skills exam 2 42 19
Students proficienin all basic skills areas 0 44 80
Average number of exams needed per student 3.0 1.0 0.5

The graph and table demonstrate a vast reduction in ssudeatall need for remediation. Before the CTI
semester, 111 out of 113 students (98.2%) had two or moedkdls needs. After eighteen weeks of CTI, only
fourteen students (12.4%) had two or more basic skilldsyeend eight of those had not taken full advantage of
CTl instruction because they did not start or complégese Two.

The rate that CTI students reached proficiency inrelisican be considered in relation to the typical
performance of GED enrollees at CUNY. A much largersiof CTlstartersreached proficiency in all basic
skills areas after one semester of study (80 out of 141 oy h&¥was found for a large pool of GED graduates
at CUNY after one year of study (just 33%b).

% The 33% statistic applies to GED graduates at CUNY i2@04-2002, 2004-2005, and 2006-2007 cohorts and was
taken from the reporiCollege Readiness of New York City’'s GED Recipiettsited by th€UNY Office of Institutional
Research and Assessment, 2008, page 22. The CTI group andé¢h&IBD graduate group have differences and so we
should not draw hasty conclusions from this comparisiostly; while dominated by GED graduates, the CTI pool
includes a small group of high school graduates. CTI steidéso attend classes full-time and so we would expisct
group to progress more quickly than a broad pool of GED gresltfzat includes part-time students. On the other hiand, i
has already been demonstrated that CTI students entelegkboslth more basic skills needs and lower GED scthran

typical GED enrollees. With these cautions in mind, &te that CTI starters reach full proficiency isl stdry
encouraging.
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Appendix E
College Outcomes for CT P Students Entering
CUNY Associate Degree Programsin Spring 2009 and Fall 2009°
CTP Alumni? All GED Grad§® All Freshmert"

n=36 n=2,164 n=21,895

First Semester GPA 2.78 2.14 2.19
CTP Alumni Enrolling All GED Grads All Freshmen Enrolling
Full-Time Enrolling Full-Time Full-Time

n=27 n=1,747 n=19,328
First Semester Credits Attempted 12.04 7.44 8.61
First Semester Credits Earned 11.04 4.85 6.40
Ratio of Credits Earned to Attempted 91.7% 65.2% 74.3%
Persistence to a Second Semester 96.3% 73.1% 84.2%

% Data collected by CUNY Collaborative Programs ReseanchEvaluation.

2 These students attended the CUNY College Transition &ro¢ETP) in the fall 2008 or spring 2009 semester and
entered CUNY in the spring 2009 or fall 2009 semesters.WaPdescribed iMore Than Ruleand was the predecessor
program to CTI. Only students enrolled in CUNY degree @nogr(and not most certificate programs) are includeuisn t
data.

% Data include first-time freshmen entering in the fall 266ester.

% Data include first-time freshmen entering in the fall 266ester.



