Best Practices
1n
Developmental
Mathematics

Mathematics Special Professional Interest Network
National Association for Developmental Education



Acknowledgments

Editor: Thomas Armington, Felician College

Contributors: Josette Ahlering, Central Missouri State University
Thomas Arminton, Felician College
Jacqueline B akal, Felician College
Nancy J. Brien, Middle Tennessee State University
Don Brown, Macon State College
Ruth Feigenbaum, Bergen Community College
Loretta Griffy, Austin Peay State University
Mary S. Hall, Georgia Perimeter College
Kay Haralson, Austin Peay State University
Meredith A. Higgs, Middle Tennessee State University
Anita Hughes, Big Bend Community College
Linda Hunt, Marshall University
D. Patrick Kinney, Wisconsin Indianhead Technical College
Roberta Lacefield, Waycross College
Marva S. Lucas, Middle Tennessee State University
Susan McClory, San Jose State University
Scott N. McDaniel, Middle T ennessee State University
Pat McKeague, XY Z Textbooks
David Moon, Eastern Shore Community College
Donna Saye, Georgia Southern University
Neil Starr, Nova Southeastern University
Selina Vasquez, Southwest Texas State University
Victoria Wacek, Missouri Western State College

Reviewers: Deann Christianson, University of the Pacific
Susan McClory, San Jose State University
Daryl Stephens, East Tennessee State University

Acknowl edgments for articles reprinted from past i ssues of the M ath SPIN new sletter:
Dianne F. Clark, Indiana Purdue Fort Wayne
Connie Rose, South Louisiana Community College
Jamal Shahin, Montclair State University
Sheila Tobias

All narrative parts of thispublication were written by Thomas Armington, Felician College.

Copyright © 2002 by the Mathematics Specid Professiond |nterest Network, National Associaion
for Developmental Education.

Permission is granted to educators to photocopy limited maerialsfrom Best Practices in
Developmental Mathematics for noncommercial, educational use with the understanding that
credit will be given to the source(s) of the materials.



Table of Contents

What areBeSt PraCliCES? .........uiiiieiiiieiiiesiie ettt 1
Working with Devdopmental SEUAENLS ..........cccueeiiiiiiiiie e 2
ProgrammatiC CONMSIAEAtIONS ..........eiiiiieiiiie et 6
PLACETIEN ... 10
Teaching Technigues and MethodoIOgIES ..........cceceieiiiie e 12
INNOVETON @D REFOIM ... 18
Learning DISADIIIES .........ociiuiee i e e 23
YYo= 0 (= 001 ToRS o] o Lo g A OSSPSR 24

Additional Resourcesfor Devel opmental Mathematics EJucators ...........cccevcvveevveeennee. 26



What are Best Practices?

Giving this publication the title of Best Practices in Developmental Mathematics is not intended to suggest
that one particular practice in developmental mathematics education is necessarily better than others. The
publication is simply intended to serve as aforum for develgomental math educators to share practices that
have produced positive results of one sort or anather. It isa collection of materialsthat represent practitioners
perspecti ves based in part upon research, but most Iy upon experience. W hileresearch-based findi ngshave been
welcomed, scientific inquiry was not a criteriafor submission.

Initscurrent form, the Best Practices publication is not meant to be a finished document. In fact, it ishoped
that as Devel ppmental Math practitioners read throughthis meterial, they will be inspiredto cortribute to its
contents by sending additional materials. The publication will be revised as addtional contributiors are
received. If you are aware of particular practices in developmental mathematics that have produced positive
results, please consider contributing to this effort. Materials may be sent to the addr ess below.

NADE Mathematics SPIN
c/o T. Armington

P. O. Box 199

Metuchen, NJ 08840
<tmarmington@juno.com>

Copies o this document are availablefree toNADE Math SPIN membe's and at cost to non-members. To
obtain a copy, contact the NADE Mahematics SPIN at the addr ess above.



Working with Develop mental Students

Thosewho have been teaching at the developmental level for some time will attest to the fact that teaching
developmental mathematics differs substantially from simply teaching mathematics. Developmental instruction
addressesnot only the remedi ati onof subject-specific deficiencies, but mativaional andlearningdeficienciesaswell.
In part, thisis because the population of students entering college at the developmental level differsfromtraditional
student populations.

Developmental studentscan represent asurprisngmix of characteristics. In the mathematicsarea, some are
capable students who have simply fallen behind, not for lack of ability, but out of disinterest, insufficient effort, lack
of seriousness, or some similar reason. If they apply themsdves, these students will generally succeed irrespective
of how developmental math programs are structured. A second category of developmental math student can be
described asthose who are adequately prepared for college level study, but have a specific weaknessinmathematics.
These studentstypically perform well in cdlege level subjects outside of mathematics, but have difficulty mastering
developmental level concepts in mathematics. A third category can be described as students who are motivated to
pursue college level work, but are deficient in generalized learning skills as well as math-specific skills. Experience
suggests that afair number of these studentscan succeed if the developmental environment provides srong support
in the learning skills as well as academic content areas. A fourth category involves students who have verifiable
(usually documented) | earningdisabilities. Special accommodations o alternateinstrudional methodol ogies may be
necessary for some of these students to succeed. A fifth category is comprised of students who have a broad range
of deficiencies in multiple areas including mathematical abilities, learning skills, motivation, organizational skills,
and others. Students in this category will have difficulty succeeding even when the programmatic aspects of
developmental instruction are at their strongest.

Developmental math courses normally serve multiple pur poses. The primary goal is to remediate student
deficienciesin mathematical skillswhich are prerequisite to successin required college-level math courses, aswell
as courses in the sciences, business, or other fields that require basic math and algebra competencies. At many
colleges, developmental courses also serve a second purpose of strengthening students’ general learning skills prior
to their enroliment in regular college courses. A third, although sometimes unspoken, purpose of devel opmental
courses (especialy mathematics courses) is to serve as part of the “gatekeeper” mechanism by which colleges
eliminate students who are not qualified for further study. The fact that developmental math courses play this
gatekeeper role givesrise totwosomewhat contradictory cond derations Onthe one hand these courses are intended
to assist studentsin meeting college quali fications by over coming their deficiencies, while on the other handthey are
intended to eliminate students who are not qualified to continue. This creates a natural tension between setting and
maintaining strict standar ds of performance w hile simultaneously providing high levels of assistance to a population
of students that is known to be below those sandards. This inherent tension is a natural part of developmental
education.

Therelationship between devd opmental student characteristicsand the somewhat divergent purposes served
by developmental math courses has also led to discussion about how attitudes affect performance. There is an
assumption among many math educatorsthat negative student attitudes toward developmental mathematics impact
negatively upon classroom performance. W hile various studies have been undetaken to determine how student
attitudes affect performance, work has also been done on how faculty attitudes affect student performance. The
guestion of how attitude affects performance also speaks to thelarger issue of how environmental factors in general
affect developmental mathematics learning. Informal discussions about such issues as math anxiety, classroom
environment, thei mpact of self-i mage uponclassoomperformance,and theremed al stigmatization of devel opmental
courses are somewhat commonplace. At the professional level, these concerns have periodically been brought to the
forefront by such individuals as Sheila Tobias and others (see below). Without question, developmental math
educators need to understand more about the student characteristics, the multiple purposes served by devel opmental
math courses, and the mix of faculty and student attitudesthat convergein the developmental mathematics classroom.
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Best Practices in Working with De velopmental Students

1. Environmental Barriers to Student Success (Keynote address by Sheila Tobiasat NADE2001 confer ence)

Spesking on meth anxiety and barrie'sto studert successin mathematics, SheilaTobias presentations
at NADE?2001 examined bothinstrudtional and gudert issuesin learning. A coording to Tobias, the predominant
causes of math anxiety areenvironmental factors aeated by math teachers. Theseinclude pressures created by
timed tests, an oveemphasis on one right method and one right answer, humiliation of students at the
blackboard, an atmosphere of compdition, absence of discussion, and other related dynamics that typify the
math classroom. For many students, thesefactors lead to destr ucti ve self-bdiefs about the math abil ities they
possess, avoidance behavior, and an unwillingness to explore mathematical concepts in the classroom
environment. Coupled with the negativeinfluence of environmental factorsis thebelief that studentswho dowell
in mathdo so because of rative ability, nat effort. This misconception, propagated by teachers and society at
large, only serves to reinforce negative student behaviors that lead to underperformance in mathematics.

Tobias also discussed what she identifies as a misfit between students’ learning char acteristics and
instructors' teaching styles in mathematics. Only a small per centage of students are® math mindel.” Therest,
she suggests, have learning style preferences or needs that do not fit traditional modes of math instruction.
Specifically, students who are high verbal peformeas nead discussion and choice, utilitarian learners need
memorizable, predictablelear ning patter ns, and under prepared students need periodic clarification with respect
to weaknesses in prior cortent aress. The typical meth class, however, tends to offa only a singe, “math
minded” approach to learning.

Tobias outlined various ways that college developmental math faculty can respond to these negative
factors. Firgt, she emphasized the importance of good diagnostic and placement procedures. This includes the
need for collegesto consider the effect of time restrictions on placement testing and for studentsto be given the
opportunity to prepare in advance for placement tests. It dso includes the need for faculty to identify and
understand the learning style needs and preferences of their students, and for accurate assessment of student
disabilities wherethey exist. Second, instructional methods have to be atered to accommodate the learning
characteristics of dffaentkindsof students. Far exarmple, instructors shoul d include more discussion and choice
in the classroom and less focus on a single right way and right answe to solving problems. As students
commonly conceptualize mathematical principles diffaently than thdr instructors, the instructar must also be
willing to answer “their” questions rather than focusing anly on his or her way of conceptualizinga particuar
principle. This canbeaccomplished smply by having students submit written questions each day aspart of their
homework assignment. Citing Philip Uri Treisman’s research on the powe of group interaction, Tobias
emphasized the importance of having students work together with other students as well. T hird, as student
learning isdriven by tests, collegeinstructors need to be aware of certain testing issues. Theseindudetheinpact
of timed testing and test format on student per formance. Instructors should experiment with testing by removing
time restrictions and varying test types to include open-ended questions, problem solving, or even essay
guestions, as opposed tojust “right answer/wrong ansver” questions. Finally, “math clinics’ can be useful in
helping students deal with theeffects of math anxiety or athe studert-rd ated barriersto learning math. Tobias
suggests that math instructors team together with a college counselor to offer voluntary sessions in which
students can explore the various factors affecting their individual performance in math.

(Sheila Tabiasis the authar of 11 books, including Overcoming Math Anxiety, Succeed with Math, Breaking
the Science Barrier, and They 're not Dumb, They're Different. For further information, visit her web siteat
Www. matharxiety.net)



2. Creating a Participatory Classroom Environment by Jacqueline Bakal, Felician College

Many students who are placed in Developmental Mathematics exhibit math anxiety or a fear of math.
Therefore, it is important to create a nurturing, non-threatening environment where students are not afraid to ask
guestions or make mistakes. Ideally, every student should have the opportunity to speak during every class. The
instructor can foster such participation by stressing that students should not feel intimidated by the instructor or other
students.

Instead of listing methods for solving certain kinds of problems, the use of a constructivist style of teaching
allows students to enter into active dialog with the instructor and each other about alternate methods of solving
problems. The instructor can lead students to develop methods based on thei r own prior knowledge, translating as
probl ems are discussed so that the students gain a clear understanding. By organizing the curicdumin a spiral
manner, the students continually build upon what they have already learned.

Allowing students to explain problems verbally or at the board nat only helps othe students, but also those
doing the explaining. The best way to understand something is to explain it to someone else! Having two students
explain aternate methods for solving the same problem can al so strengthen the dal og, as can having students practice
new concepts in small groups or pairs.

3. Minority Students and Developmental Mathematics by Meredith A Higgs, M iddle Tennessee State University

Ascaollegestudent demographicsare changing, devel opmental education must adapt tomeetthe needs of these
shiftsin student population. More students are attending college from avariety of backgrounds, and higher education
is experiencing greater student diversity in terms of a wide range of student characteristics such as age, ethni city,
socioeconomic status, and preparedness. However, a cursory review of the literature catalogued in online databases
reveals that relatively little literature specifically addresses issues related to minority students in develgomental
mathematics. N evertheless, some instructional techniques are suggested.

A study conduded by DePree (1998) of the effects of small-group instruction on the outcomes of
devel opmental algebrastudents indicated that “ significant results w ere found relating to confidencein mathematical
ability for several groups who have been underrepresented in mathematicsin the past” and that “H ispanic-A merican,
Native-American, and femal e students showed an increase in confidence in mathematical ability after receiving the
experimental (small-group) method of instruction” (p. 3). Further, these incr eases were statistically significant for
Hispani c-American and female students ascompared to the cortrol group. DePreeal sofound that “ Test datasupported
the hypothesisthat studentswho received the cooper ative, small- group method of instruction would have significantly
higher course conpletionrates (z = 1.60, p = .05) than students who r eceived the lecture method of instruction” (pp.
3-4).

In aqualitative analys's of two African- American students' perceptions of quality teaching, Powell (2000)
indicated that having a“caring ethic” , being availabl e, conducting positive classroom discourse, andproviding clear
explanations were reported as char acteristi cs of quality teaching. Powell stated that “ a caring ethic is essential for
African-American student swho facethe same problemsin the mathematics classroom as other students, but with more
exaggerated effects because of racism in this country” (p. 22).

While these two studies suggest that smal |-group instruction and a caring ethicmay befactors that influence
minority student success in the classroom, O’ Hare (2000) suggeststhat theinstructional commitment to the students
of today must include teaching “ everything -- what a computer is for, where the library is, how to get a tutor --
regardless of the purported focus of theclass’ (p. 80). Taken together, these gudies only hint at the vast knowledge
thatisneeded to effectively serve developmental minority studerts and suggest a need for moreresearch on thistopic.

Chenoweth, K. (1998, July 9). The new face of college. Black Issues in Higher Education, 15 (10), 26-28.
DePree, J. (1988, Fall). Small-group instruction: Impact on basic algebra students. Journal of ~ Developmental
Education, 22 (1), 2-4,6.



Feldman, M. J. (1993). Factors associated with one-year retentionin a community college. Research in Higher
Education, 34 (4), 503-512.

Kull, K. R. (2000, Spring). A research based model for a developmental education program and its mathematics
component. Education, 120 (1), 442-448.

Laden, R., Matranga, M., & Peltier, G. (1999, Fall). Persistence of special admission students at a small
university. Education, 120 (1), 76-81.

O'Hare, S. (2000, August 3). Teaching in the world that is (Instead of the world that should be). Black Issues in
Higher Education, 17 (12), 80.

Powell, A. (2000, April). Reflections on exemplary mathe matics teachers by two African American students.
Paper presented at the meeting of the American Educational Research Association, New Orleans, LA.
(ERIC Document Repraduction Service No. ED 441760).

4. The Effect of Student Attitudes on Performance by Victoria Wacek, Missouri Wester n State College

Thereisabasic assumption among many math educatorsthat the attitude of studentstoward math affectstheir
grade. A four semester study of 1506 students looked at data of success and attrition rates in developmental
mathematics courses and attempted to find correlations between attitudes toward math, students' ages, and their
grades. A questionnaire asked for students’ feel ings toward mathematics and their age as nontraditional (25 or older)
or traditional (younger than 25). Grades at the end of the semester were noted. Data analysis included descriptive,
correlational, ANOVA, and multiple regression. Data from those with neutral feelings were not used in the
correlational analyses.

Fifty-nine percent of the students responded with neutral feelings, 23% with negative feelings, and 18% with
positive feelings. Inall categaries of feeling, passing rates were higher than attrition rates. Nontraditional students
appeared to feel less negatively toward math than tradi tional students. H owever, passing rates were about the same
for both. Very weak, but sgnificant, corrdations were found between feeling and grade ® = 0.089, « = .05), and
between age and feeling » = 0.213, « = .01). No correlation was found between age and grade. Nonetheless, based
upon multiple regressionanalysis, the bestindicatorsfor passingwould be traditional studentswho like mathematics.

The corrdation coefficients dbtained were solow that prejudging a student’ s grade based on feelings or age
may not be practical. Instructors should not equate bad attitude toward math as aroute to failure. Advisement should
include dispelling students' self-prophecies that they cannot do math. Pedagogy should include techniquesto ease the
pain of those who dislike math, but are required to take it.

5. Additional Resources

Arem, C. (1993). Conquering math anxiety: A self-help workbook. Peacific Grove, CA: Brooks/Cole Publishing
Company.

Goolsy, C. B., Dwinell, P. L., Higbee, J. L., & Bretscher, A. S. (1988, Spring). Factors affecting mathematics
achievement in high risk college students. Research and Teaching in Developmental Education, 4 (2),
18-27.

Hackworth, R. D. (1992). Math anxiety reduction. Clearwater, FL: H & H Publishing.

Kogelman, S. & Warren, J. (1978). Mind over math. New Y ork: M cGraw- Hill.

Tobias, S. (1987). Succeed with math: Every student’s guide to conquering math anxiety. New Y ork: College
Entrance Examination Board.

Tobias, S. (1978). Overcoming M ath Anxiety. Boston, M A: Houghton M ifflin.

A series of web sites devated to teaching aduts by Roberta Lacefield, Waycaross College. Available on the web at
<http://members.tripod.com/~Rober ta/indexadu.htm>.



Programmatic Consider ations

Developmental math programs vary in just about every aspect imaginable. Developmental requirements, course
structures, placement policies, instructional methodol ogies, grading standards, credits aw arded, and humerous other
facets differ substantially from one college to the next. Even with respect to course content, topics considered to be
undergraduate at one institution may be considered remedial at another. The most common description of the
developmental mathematics core tends to be the body of material ranging from Arithmetic through Intermediate
Algebra. Developmental caursework at competitive admission institutions tends to focus on the higher end of this
spectrum while open-enrollment institutions typically offer courses at both ends of the spectrum. Many cdleges also
integrate a geometry component into the developmertal math sequence or tailor developmental course offerings to
specific majors, covering only content that is directly related to particular fields such as the Allied Health areas.
Coursestructure also variestremendously with devel opmental courses carrying anywhere from 0 to 5 semester hours
of credit. Some coursesare modularized into 1-credit unitswhile othersintegrate the entire developmental curriculum
into asingle course. Someinstitutions require students to complee their developmental requirements within the first
year of study; othersallow as long as it takes. Performance requirements also vary greatly. W hile many institutions
award grades based on a system of averaging, some require mastery learning under which students may not progress
to the next unit or chapter of study until they have achieved aminimal level of performance on the current unit. Inthe
mastery learning model, students are usually allowed to retake tests (often multiple times) until successis achieved
or testing limitations expire. A number of cdleges require mandatory exit testing.

Best Practices in Programmatie Considerations

1. Alternati ve Learning Environments by Dianne F. Clark, Indiana Purdue Fort W ayne

Two programs were implemented all owing students extra timeto master difficut topicsand employing an
alternative testing site with no time limits to reduce test anxiety. The Flex-Pace program allows two semesters to
complete algebra courses. Each class consists of four groups of @ght students, ateaching assistant for each group,
and aninstructor. Course work is divided into six modu es and an in-houseworkbook is used. Students must pass all
modulesby compl eting assignmentsand scoring 80% on all exams. Exams are taken autsideof classin a Test Center.
Students may retaketeds on different versons until they score 80%.

Students completing all requirements inonesemester are givena grade. Students compl eting less than four
modulesreceivean“F” for the course Students completing four or five modulesreceivean “1” and enroll in afdlow-
up course. These courses ar e pass/fail, 0 credits, and offered in five-week sessions with a fee equivalent to 1 hour.
The classes are structur ed the same as the original course. Students conpleting all requirements during thefirst five-
week session receive a grade for the original course. Otherwise they sign up for another five weeks. If they do not
finish in the second five weeks, they sign up for athird and final five-week session. Students unable to complete all
requirements by the end of this session receive an “F” for the course.

The main feature of the Out-of-Class Testing program is that all exams are administered at the Testing
Center. Whenever an exam occaurs, students are given a five-day period during which they may take up to three
versions of the exam. Teaching assistants help students analyze their mistakes betweenversions. The highest score
counts.

2. Common Characteri stics of Successful Programs by Linda Hunt, Marshall University
Successful developmental education programs have several comnon characteristics. Among these are
mandatory assessment, mandatory placement, and trained tutors (Boylan, Bonham, & Bliss, 1994; McCabe & Day,




1998; Roueche & Roueche, 1993). According to studies, students participating in programs featuring mandatory
assessment aresignificantly morelikely to passtheir first devel opmental English or mathematics coursesthan students
in programs where assessmentisvoluntary (Boylan etal, 1994). Testing should also be mandatory because too many
students, especially those who most need assistance, will avoid assessment whenever possible (Morante, 1989). A
second characteristic of successful programs ismandatory placement (Roueche & Baker, 1986). "It bor ders on the
unethical to know that a student lacks basic skills, but is still alowed to enroll in college courses requiring those
skills” (Morante, 1989). While the use of trained tutors isathird characteristic of successful programs, tutoringcan
be adouble-edged sword. On the one hand, wel-meaning butuntrai ned tutors can domore harm than good (Maxwell,
1997). On the other hand, when tutoring is delivered by trained tutors, it is the strongest correlte of gudent success
(Boylan et al, 1994). Fortunately, tutor training manuals and video tapes are available for purchase (see page 25).
Seventy percent of the nation’ s tutarial programs have a training component (Boylan et al, 1994).

Two other components can also contribute to the success of devel opmental programs. According to research,
Supplemental Instruction has consistently been found to improve student performance in developmental coursesand
to contributeto student retention (Blanc et al, 1983; Rettinger & Palmer, 1996; Ramirez, 1997). The incorporation
of studies skills into developmental programs can aso contribute to success. However, students have difficulty
applying strategies learned in a stand-alone, study skills course to their academic courses. Study skills should be
taught as an integral part of the academic cour se (Arendale May 2000). Studies have also found that students who
study alone are most likely to drop out (Arendale July 2000). Based upon this finding, instructors should pay
particular attention to attendance and should contact absent students. Study groups should be encouraged to provide
a sense of alearning community.

Arendale, David (2000, Juy). Academic Support Systems. Kellogg Irstitute, Boone, NC.

Arendale, David (2000, M ay). Review of Successful Practicesin Teaching and Lear ning. University of
Missouri-Kansas City, MO.

Blanc, R., Debuhr , L., & Martin, D. (1983, January/February). Breaking the attrition cycle: The effect of
Supplemental Instruction on undergraduate performance and attrition. Journal of Higher Education, 54,
80-90.

Boylan, H. R, Bliss, L. B., & Bonham, B. S. (1997). Program components and their relationship to student
performance. Journal of Developmental Education, 20 (3), 4.

Boylan, H. R, Bonham, B. S., & Bliss, L. B. (1994). Characteristic components of developmental programs.
Research in Developmental Education, 11 (1).

Maxwell, M. (1997). Improving Stude nt Learning Skills. Clearwater, FL: H & H Publishing Co.

McCabe, R. H. & Day, P. R. Jr. (1998). Developmental education: A twenty-first ce ntury social and ec onomic
imperative. Mission Vigjo, CA: League for Innovation in the Community College and The Coll ege
Board.

Morante, Edward A. (1989). Selecting tests and placing students, Journal of Developmental Education, 13 (2),
3.

Ramirez, G. (1997). Supplemental Instruction: The long-term effect. Journal of Developmental Education, 21
(1), 61-70.

Rettinger, D. & Palmer, T. (1996). Lessons learned from usng Supp emental I nstruction: Adapting instructional
methods for practical applications. Research & Teaching in Developmental Education, 13 (1), 57-68.

Roueche, J. E. & Baker, G. (1986). College Responses to Low A chieving Students. Washington, DC: The
Community College Press.

3. Perspectives of a Veteran Developmental M ath Instructor by David M oon, Easter n Shore Community College
The following thoughts are the result of 35 years of teaching developmental mathematicsin the Virginia Community
College System.




1. Theinstructor must believe in what he/she is doing and in the students’ ability to accomplish the goal of graduating
from college. Belief is slow in becoming a reality, but when the number of students who started in developmental
courses is counted at graduation, the positive feedback helps Often at Eastern Share Community Cdlege (ESCC),
over half of the honar sod ety started indevelopmental studies. Seeing a former student become alawyer or doctor
also booststheinstructor’ sbelief in how the community collegesystem helpsindi vidual sfulfil | their Americandream.

2. Developmental math courses are only a small part of the students success. There must be support from the
administration and small class sizeisamust ESCC isfunded at 16 studerts, but dasses areheld with as few as 10
students. Maximum enrollment is 18 with the expectation that two studerts will dropin the first few weeks

3. Developmental reading andEnglish coursesal so contributeto successin mathematics and college. “ Best Practices”
are a package, not just mathematics practices. Support services are also part of the package. ESCC providestutoring
and opens GED classes to developmental studerts to compliment class instruction with additional explanation and
homework assistance.

4. Thein-class experience shoul d be supportive and non-judgmertal. By using thefirst 10-15 minutesfor presenting
material and theremainder of the classfor student work and individual instruction, students can begin each assignment
in an environment of help. Success comes fromworking math problems

5. At ESCC, when a student misses class or fails to turn in homework, a report goes to counselor s who follow up.

6. Homework and quizzes are graded on a scale of 1-10. For agrade of 6 or less, students have the opportunity to
rework the assignment for a grade of upto 9. An exceptionally good paper is rewarded with extra points.

7. In the developmental algebra course, an average of 80% exempts gudentsfromthefinal exam. Students with an
average below 80 must pass the instructor’ sfinal exam or the college-wide test to exit the course. Thereis no course
average in the arithmetic course. Students must pass the instructor’ sfinal or the college-wide test to exit.

8. There is abase of knowledge that students are expected to know by memory. They must learn the vocabulary, units
of measure, order of gperationrules, rues of exponents, etc. in order to progressthrough each devel opmental math
course.

9. At ESCC, the placement of all entering studentsis based upon a college-wide computerized test. On thefirg day
of class, they are also given atest that will serve as their exit exam; thisverifies proper placement. It isimportant that
the instructor retains the authority to reassign a student to a dfferent class according to his’her judgment. With the
prevalence of computerized testing, there is a danger that these decisions will be inappropriately made at the
administrative level.

10. Developmental classesshoul d be people-center ed, not curriculum driven. Classes provide opportunitiesto interact
with studentson apersonal level under the safeframew ork of mathematics. Long-lasting r elationshipscan result from
this interaction as we are drawninto each other’ slives. After 30+ year s of teaching, thi s instructor has not become
bored teaching the same low-level material because even though the course content doesn’t change, the students do.
Education is not about teaching content, but teaching people!



4. Benchmarks for Measuring Developmental Education Outcomes (submitted by Linda Hunt, Marshall

University)
PASS RATES IN DEVELOPMENTAL COURSES

Institution Reading Writing Math

2-year public 72% 71% 66%

2-year private NA 81% 80%

4-year public 82% 81% 71%

4-year private 84% 88% 84%

All 77% 79% 74%

Data from Natioral Center for Educational Statistics 1996
Pass - students still in course at the end of the term that passed with A, B, C, D
Withdraw and Withdraw Passing not included, Incompletes and Withdraw Failure included

PASS RATES IN POST-DEVELOPMENTAL CURRICULUM COURSES

Developmental R eading/College Social Science 83.0%
Developmental English/CdlegeEnglish 91.1%
Developmental Math/College Math 77.2%

Boylan and Borham 1992
Typical National State College, Passed both Developmental and College-level curse with a C or better

GRADUATION RATES FOR DEVELOPMENTAL STUDENTS

Institution Graduation Rate
Community Colleges (4 years) 24.0%
Technical Colleges (4 years) 33.7%
Public 4-year (6 years) 28.4%
Private 4-year (6 years) 40.2%
Research Universities 48.3%

Boylan, H. R. (2000). Evaluation and Assessment of Developmental Education Programs. KelloggInstitute 2000, Boone, NC, July 2000.

5. Additional resources

- Boylan, H. R. (2002). What works: Research-based best practices in developmental education. Boone, NC:
National Center for D evelopmental Education. (For information: (828) 262- 3058 or
www.ncde@appstate.edu)

- Jur, Barbara (1998, Fall). Developmental course work and student success. Michigan Community College
Journal, 4, 2.

- National Council of Teachers of Mathematics. (1991). Professional Standards for teaching mathematics.
Reston, VA: Author.



Placement

The cortinual evolution of placement policiesat collegesacrossthe country suggeststhat the placement
issueis more complex than first appears. A cursory view would suggest that students can be accurately placed
into the prope classes simply by testing their pre-algebra and algebra skills, and enrolling themin the most
appropriateclass based upon the results of that testing. However, placement af fects not only whether students
end up at the right level of study, but also the overall composition of classes and the resulting viability of
employing different methods of instructioninany particular class. Indevd opmental math, the placement process
should accomplish at least two primary goals -- it should match students' math skills with course offeringsand
it should guar antee a reasonable degr ee of homogeneity in the classroom. Some cdlegesal so use placement as
atool for matching certain types of students with certain methods of instruction.

A largevariety of placement instrumentsis currently used toassess student skillsin mathematics. These
include commercia tests as varied as COMPASS, AccuP acer, ASSET, ELM, and others, aswell as state-
mandated competency examsand in-housetests. (Whilethe SAT and ACT areeffectively used by some colleges
to exempt students from placement testing, neither is designed for actua placement testing.) Whether one
particuar instrument is better than another depends as much upon the college as upon the test itself. Selecting
anappropriate placement i nstr ument essentially amountsto balancing various cons derationsincludi ng accuracy,
cost, and convenience. From an academic perspective, the strongest argument for choosing accuracy over other
considerations is that accurate placement ultimately af fects retention. At many colleges, however, other
considerations are also critical making placement dilemmas somewhat unavaidable.

In addition to matching students’ math skills with course offerings, the placement process should also
createareasonable degree of homogeneity inthe classroom |rrespective of what placement scares may suggest
about theskill levels of variousstudents, too much disparity instudent backgrounds or &bility levels creates an
envirormental problemfor theinstructor . For exampl e, mixing studentswho have never taken algebrawith those
who have had severa years of algebra (even when placement scores are comparable) can lead to classroom
management problems. There is alimit to an instructor’ s ability to meet thedivese neads of vastly dsparate
groups of students locked togethe in the same classoom. Consaquertly, fadtors such as prior mathematics
background should also be taken into consideration.

Two additional aspectsof placement includepreparing studentsfor the placement processand transfer
considerations. How accurate can the results of placement testing be if students are given no opporturity to
prepare themsel ves? Common sense suggeststhat students should be notified in advance of what the placement
processis, how it works, and how they can prepare for it. Some colleges provide study materials and a sample
exam. As for transfer considerations, a substantial gap can exist between students entering a cour se through
placement and those entering by transf er of credits from another institution. At times, testing may be call ed for
even when prer equis te cour sework has been completed elsewhereif thereis not close linkage between what is
taught at ore institution as compared to another.

Best Practices in Placement

1. Multi-faceted Placement by Susan McClory, San Jose State Univeasity

The placement program at San Jose State University (SISU) has severa elementswhich distinguish it
from most ather programs. Students at Califarnia State Universities arerequired by state mandateto conplete
devd opmental course work within their first two semesters of study. SIJSU has responded to this mandate by
devdoping a sinde course curriculumthat is offered in four different instructional formats. Through a multi-
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facet ed placement process, SISU not only determinesdevel opmental needs, but a so matches studentsto different
instructional formats according to ability level.

Initialy, theuniver sty usesACT scorest o exempt quali fied st udentsfrom mandator y placement testing.
Students who are not exempt take theELM placement test administeredby ETS. Followingtesting, the lowvest
two-thirds of the sudentsare enrolled in atwo-semester devd opmental al gebra sequence whiletheupper third
is placedinto a caursethat covers the same material in asingle semester. Within the lower group there are two
instructional formats. The lowest quartile of students meets four days per week in classes of no more than 25;
therest of the lower group meets two days per week inlecture classes (200 students) and two days per week in
discussion groups (25 students). Theupper third of students meetsthree days per week in lecture classes and
two days per week indiscussion groups, but covers the material in haf thetime. Thetop 10% of students are
also given the option of completing the course work by independent study.

In sum, the SISU placement process identifies student skill levels, creates relatively homogeneous
groups of students based upon those skill levels, and tail ars different instrudional formats to different groups
of students.

2. Revis ng Placement Practices by Thomas Armington, Fdician College (based on an interview with Jamal
Shahin, M ontclair State University)

For colleges considering changes in curr ent placement practices, Montdair State University provides
an example of well-designed revis on process. Over the past six or seven years, the university has under taken
a revision of its placement policies, a process which has involved extensive tracking of students through
devel gomental and college-level coursework. Aswith many New Jarsey state universities, Montclair had been
using a state-devd oped placement instrument, theNew Jersey College Basic kills Placement Test. However,
dataon the paformance of studentsenrolled in the variouslevels of mathematics suggested that thisinstrument
wasnot functioning aseffectively asthe univers ty desired. Torectify theproblem, the Mathematics Depar tment
began admi nisteringReadiness Tests onthefirst day of class. Students unableto perform satisfactorily on these
tests were required to change to a mor e appraopriate course.

Over aperiodof several years, the Read ness Testswererevised until it was detemined thet the tests
accurately measured the prerequisite skills necessary for success at each level of course work. Oncethesetests
were functioning effectively, the university began the next step of assmilating the various tests into a single,
university-wide placement test to be administered prior to the enrollment of new students. The effectiveness of
that test, which is currently in use, has been substantiated by the ongoing collection of data on student success
rates.

Another featur e of theuniversity’ s placement program involvesinforming students about the placement
processitself and assistingthemin preparing for placament testing. Studentsare notified in advance of how the
process works and are provided with sudy materids aswell as a sample exam.

Thereare several naewarthy aspects of the revision process undertaken by Montclair State University.
First, decisions were basad on data obtained from tracking student success ove time. Second, mathemetics
faculty were closely involved in determining whether students wer e being properly placed into mathemetics
courses as well asin the selection of an appropriate placement instrument. Third, emphasis was placed on
assisting students by hd ping them preparefor placement testing. Andfindly, theuniversity continues to monitor
the effectiveness of its placeament program through ongoing data cdlection. Theseconmponents serveto asaure
a high degree of dfectiveness in the placement process.
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Teaching Techniques and Methodologies

It isreadily apparent that there are many variati ons in how developmental mathematics is taught. Some of these are
outlined below. It is hoped that readers who are using other methodologies will contribute descriptions of their
instructional formats to future publications of this material.

Traditional Classroom Presentations. While many colleges employ a variety of instructional models, traditional
methodologies remain the most widdy used. Traditional methadol ogies emphasize instructor presentations of course
material through lecture and demonstration of concepts. Typically theseindude chalkboard, markerboard, or overhead
presentations. They may also include the limited use of technologies such as PowerPoint or graphing calculator
demonstrations, and mayinvolvevarying degrees of student responseand participation. W hiletherearemany variations
in delivery styles, the primary emphasis is on instructor presentation of course material in a traditional classroom
format. Classsizestypically vary from as few as8-10 students to as many as 200.

Lab Instruction: Variations of lab instrudion arealso widely used. In a gereral sense, lab instruction emphasi zes
student work rather than instructor presentation during dass. Some lab classes involve students working individually
through assignments, workbooks, or computer tutorials while the instr uctor provides assistance as needed. Other lab
classes emphasize small group learning in which theinstruaor acts as a fadlitator whilethe dass works collectively
through course conaepts. While delivery styles mayvary, primary emphasisis placed upon studentsworking while the
instructor assists or facilitateslearning. A second, common componrent of lab instruction involves self-paced learning.
As students are responsiblefor working through course materials themselves, they are often given the flexibility to do
so at their own pace. Most colleges that employ self-paced learning set a schedul e of deadlines for the completion of
specific material over the course of a semester, effectively establishing a minimum pace.

Lecture/Lab hybrids: Hybrid models of instrudion arealso in commonuse. Asindicaed by the name, theseinvolve
some combi nation of thetraditional and lab model sof instruction. Oneform of hybrid isfound within atraditional class
structure when instructors usepart of theclass period for presentation of course concepts and part of the period for
student work. A second form isfound in courses that require weekly attendance at separate lecture and lab sessions.
Y et other hybrid modelsinvolve optional lab classes offered in conjundion withtraditi onal lectur eclasses or lab classes
that aremandatory only for low-performing students.

Calculator-based learning. An outgrowth of thereform movement of the 1990s, cal culator-b ased learning emphasizes
the use of graphing calculators as a primary learning tool for understanding mathematical concepts, especialy in
algebra. In most cal culator-b ased | earning model s, the studentsarerequired to purchase (or borrow) their own calcul ator
which is used daily in class One of the primary strengths of this instructional model is that the use of graphing
calculatorsfacilitates multi pl e representati ons of mathematical conceptsthrough theal gorithmic, tabul ar, and graphical
features of the calaulator itself. A second strength isthat it is ahands-on, active-learning model -- students perform
most operations on their own cal aulators. Advocates of this model al sosuggest that using the calcul ator to perform the
mecharni cal steps of problem solving allows for more focus onthe meaning of results rather thansimply on theprocess
of obtaining them. At someinstitutions, calculator-based learningisalso employed in thesciences and involves theuse
of other hand held, data-collection equipment. At such colleges, calculator-based learning is a natural fit for
developmental mathematics. For those interested in learning more aout the use of graphing calculators as an
instructional tool, there are numerous organizations that provide training in this area. Some of these are listed on page
15.

Online Instruction: Perhaps the newest model of instruction is Internet-based or online instruction. Although still in
itsinfancy, thisi nstructi onal model i sdeveloping rapidly. Onli necoursesare appearing and evolving as fast ascol leges
can produce them. In general, these courses usetraditi onal or self-paced models of instruction that have been adapted
for electronicdissemination. However, they also incorporate “ chat,” “blackboard,” and e-mail components, as well as
tutorial web sites. While some degree of personal contact is usually necessary for orientation and testi ng, attendance
reguirementsare minimized and often involve theuse of proctors at satellite |ocations rather than adual cdlegevisits.
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Activity-based learning: Studies in learning styles have shown that different students learn through different sensory
modalities. Some studentstend to bevisual learners, sometend to be auditory learners, yet othe's tend to bekinesthetic
or “hands-on” learners. In an effort to meet the needs of kinesthetic learners, someinstrudors have incorporated hands-
on activities into their devd opmental math classes. Examples of theseinclude data cdlection and analysis activities,
and the use of manipulatives for modeling mathematical conaepts. These activities are usually conducted in groups
involving a cdlaborative learning component. In some cases, they may alsoinvolve the use of graphing calcuators.

Best Practices in Teaching Techniques and Methodologies

1. Creating and Teachi ng Online Mathematics Cour ses by Mary S. Hall, Georgia Perimeter College

As colleges try to reach more students, they turn to creating online courses which can attradt many students
who would not otherwise be able to take college course work. However, online courses must be equal to theregular
classes both in content and evaluation, and must have the support of the faculty and administration. Assuming the
support of the administration, the faculty are usually supportive if the content and evaluation methods are in keeping
with collegestandardks.

Setting up an online course is time consuming. There are three basic components -- information,
communication, and testing. I nformation includes creation of the syllabus, forms, student rel eases, classnotesand study
sheets. It alsoi ncludes homework problems, projects, handouts and book assignments. Think about all theinformation
given in the classroom that has to be conveyed in writing.

Communication includes telephone e-mail, fax, instant messages, bulletin boards and chat rooms. For
cond gency, Georgia Paimeta Collegeuses Web CT for chat and bul letin boards. Students are encouraged to interact
through the bulletin board, chat, or by phone, or they may ge together for study sessions with other students who live
closeto them. Of course, there are designated times for the bulletin board and chat periods during which the instructor
isalso available..

Testing takes place in vari ousforms. Quizzes and take-home tests ar e posted online or faxed to students who
then fax them back complete with all work. Testsand final exams are given in prodored situaions. Theymay be taken
at different campuses, alocal high school, or alibrary. The main thing isthat the test isgiven to the person taking the
course, which requires a photo ID. In addition, the person administering the test must be areliable proctor.

It takes a special type of student to takean online course. Personal discipline and self-motivation are essential.
Besides having the necessary computer equi pment, the student must be a self-starter and must be willing to correspond
twiceweekly for attendancepurposes.

Though these courses arein their infancy now, it appearsthat both learning support and academi ¢ courses will
have a compl etion rate of 50-65%. T hisisin keeping wi th the college as awhole.

2. Keeping Students Conneded to Y our Online Courseby Dr. Marva S. Lucas, Dr. Nancy J. O’ Brien, and Scott
N. McDaniel, Middle Tennessee State University

In an effort to make higher education more accessible institutions aredevd oping and offeringonlinecourses.
Thesecourses are attradive to many students because of the flexibi lity they offer. As developmental education classes
are becoming available online via the Internet, educators that have taught these courses agree that studert retention is
becoming a concern. Instructors are forced to examine strategies that will keep students connected to their online
COUrSES.

Procedures to promote retention and success start long before class actualy “meets.” Therefore, selective
enrollment is one key strategy that is utilized. Thisincludes requiring studentsto be enrolled only by permission of the
department. Students are screened to determineif theyhavethe academic prerequisites, the equi pment, thetechnol ogical
skills, and the time to be successful inan online class. Other strategies include an arientation meding designed to
acquaint students with the technological components of the course, the avenues for effective communication with and
between studerts, and the measurements used for assessment.
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3. Algebra Activities for Kinesthetic L earners by Anita Hughes, Big Bend Community College

A group of 20 of the worst math students was assembled and efforts were made to find effectivemethods of
teaching them algebra. The following are same examples of adivities found to be successful with these students.

To simplify a square root, the instructor began with a col lection of objects, some of which werealike, in a
plastic zip bag. T he bag represented the radical itself, which can be seen as a contairer. If the bag had two identical
objects, the pair was taken out putting one object on one piece of paper and the other on another piece of paper.
Everything left in the bag stayed under the radical sign.

To distinguish factors and terms, the instr uctor gave students scissors and stri ps of paper with polynomials
typed on them. The students were asked to cut each strip into pi eces containi ng only one term, placing positive terms
on a piece of black paper and negativeterms on red paper. Students then cut terms apart into separate fadors.

Liketermswere modeled using red and white pipe cleanerswith col ored beads. Red pi pe cleaners represented
positive terms while white represented negativeterms. One kind of bead wasx, anothe wasy. Students modeled terms
such asxyyxyyxx, then discussed the purpose of exponents. Many other such activities were also used.

4. A Hands-on Approach to Slagpe by Connie Rose, South L ouisiana Community College

Slopeisarate of change, not aformulato be memorized. This concept can be understood by kinesthetic and
visual learnas using a concrete model, a set of stairs, to illustrate steepness. To climb stairs, one steps up before
stepping forward. Sinceslope is arate or ratio usually written in fractiona form, the numerator (vertical change -
stepping up) iswritten first followed by the denominator (horizontal change - stepping forward). By color-coordinating
the links used to build the stairs, students can easily count the blocks rising and the blocks across. To reinforce the
concept, students make their own set of stairs given a certai n ope.

Rulers are used asrampsto demonstrate the steepness of each set of stairs. The sets of stairs are arranged in
order accord ng to stegoness of theramp. The numerical slope values are written on the board in corresponding order.
Students observe that the Slopes are or dered from largest to smal lest and make the connection that the larger the slope,
the steepe theramp.

The approach then moves to graphs on the coordinate plane and aninput-output table. On thegraphs slope
is determined by counting vertical spaces compared to horizontal spaces moving from one point to another on aline.
Theideaof countingiscarri ed from the concrete model of stairs to the pict ure of theline. Points on the line are matched
to dataentriesin the table Slopeisthen calcul ated by finding the changein output as compared to thechange in input.

5. AnAlternateApproach to Solving Quadrati cEquations by Josette Ahlering, Central Missouri State University

The generd pedagogical approach to solving quadratic equations by factoring has been verylinear. Students
first learn to factor polynomials and then learn to solve quadratic equations. This method is efficient and effective.
However, research conducted on this topic supports another approach (Ahlering, 2000). Students are shown how to
solve quadraticequations whenthefirst factoring techniqueisintroduced. After each subsequent method isintroduced,
students solve equations and appl ication problems using that particular factoring technique. By adding the solution
technique early, gpplication problemscan beincorporated into lessons right avay. This approach allows the students
more time to practice solving and gain a better understanding of how multiple answers may or may not fit into the
probl em. By the close of the unit, students are proficient problem solvers and understand the need for factoring.
Research comparing this approach to the more traditional approach (Ahleri ng, 2000) found no signi ficant difference
in final test scores for students. However, the approach took fewer days. The researcher did not add extra material to
fill the available time, but felt that scores would have been higher for students i n the experimental group if they had
used the additional time for practice.

Using thismethod does not require newmaterial, but does require reargani zing traditional material or adopting
atext that uses the approach. Should this method be adopted with atext that uses the traditional method, the instructor
would nedd to identify each equation and word problem in the section on quadratic equations with the appropriate
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factoring method(s). Then it is a matter of adding spedfic problems fromthese pages to each assignment as students
practice the particular method taught. A few problems of eachtypeshould be reserved for comprehensive review at the
end of the unit. Word problems or equati ons can a so be derived from test banks for student practice.

Ahlering, J. (2000, March). Is sequencing of topics important? NADE National Conference, Bilaxi, MS.

6. Implementation Models for | nteractive M ultimedia Software by D. Patrid Kinney, Wisconsin Indianhead
Technical College

Interactive multimediasoftware is being incorporated into a variety of models todeliver develop mental mathematics
instruction. The software a) provides thorough explanations of conceptsand skill susing multimedia, b) imbedsitems
requiring student interaction within the instruction, c) provides immediate feedback, including detailed solutions, and
d) includes provisions for the development of skills. Four implementation models for incorporating interactive
multimedia software are the following:

1. Full implementation model. Students meet in acomputer |ab and follow a set schedule. The software presents the
content while theinstructor provides indvidual assistance.

2. Hybrid model. During the direct instruction part of class, the instructor may answer homework questions or lead
whole class discussions. During the comput er-mediated component, students work with the software to learn new
content.

3. Open labs supported by instructional staff. Students use an open lab at timesthat best fit their schedul e. The open
lab allowsthemto use the software ask questions, and take exams.

4. Distance learning. In this model, theinteractiv e multimedia software provides the presentati on of content, practice
with skills, andfeedback. A web platform, such asWebCT or Blackboard, is used to facilitate communication, but not
as a mechanism for theinstrudor to present lessons.

7. Resources for using graphing calculators

- Teachers Teaching with Technol ogy T3
(817) 272-5828
t-cubed@ti.com
www.ti.com/calc/dacs/t3.htm

- TI-CARES Educationa Support Programs
(Publication describing Texas Instruments Support Programs for users of Tl Graphing Calculators)
(800) TI-CARES
ti.cares@ti.com

- A Calculator Comparison Guide by Kay Haralson, Nancy Matthews, and Loretta Griffy, Austin Peay State
University. Available on the web at <www.apsu.edu/matthewsn/cal culator.htm>.
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8. A Disoovey and Calculator Exercise for Rues o Exporentsby Roberta Lacefield, Waycross College

The exercise below can be used as anin-class activity or can be assigned for homework. It can be performed individudly,
in small groups, or with an entire class. Each ap proach hasits advantages and disadvantages. The exerciseitself is designed
for the following purposes:

1) to give students experience in using the calculator to calculate roots and power s by requiring the use of

a. appropriate grouping symbols for bases and exponents
b. rootkeys

c. power keys

d. calculator conversion to afraction

e. interpreting error messages

2) to lead students to discovery of the following rules of exponents

2= 5 and x1’3=3‘/;

x 2 and -x? are additive inv erses, but x? and x 2 are multiplicative inverses
xX®=1forx=0

x1:x

when the base/radicand is negative, x' and \/; are nonreal

® 20T p

3) to help students understand that rules in mathematics are concise descriptions of patterns and that exceptions to the
argument/domain reflect deviations from the pattern.

Students fill in the table below one row at atime. Once thetable has been completed, they are asked to describe the patterns
they see. Asrules are described, they are written and kept as a class reference. If apattern has an entry that is an anomaly or
contains an error message, the dass discusses whether it was an error in the calculator entry or arestriction on the domain.
The exercise challenges students of all levels. When asked to identify pattems, mog students can find something. Some
patterns arerelatively simple, while others are complicated and |ead to opportunities for exploration. The students are often
surprised at the number of patterns and that the patterns reflect rules lear ned. The chart helps them move from concrete to
the abstract.

Directions: Use your calculator to find the values. Write the result in the appropriate box. If your calculator
displays an error message, write in the type of error. If your answer is a decimal, convert it to a fraction. If
it is irrational, round to the thousandths place.

X X! x° x2 X2 “x2 xv2 \/J—C xVs3 3;/_
X

14

1/8

1/64
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9. Bouncing Ball Experiment by Roberta Lacefield, Waycross College

The exer cise below isadata collection and andysis activity. It can be used to explore concepts related to graphing linear
relationships. The objectives are gathering and organizing data, determining independent and dependent variables, and
determining rate of change.

Initial Rebound | Rebound | Rebound Average (x,») Rebound rate
height Rebound Ax/Ay
0 0 0 0 0 (0,0)
DIRECTIONS

Part 1. Collecting the D ata

1.

o0 s

Use a yardstick to pre-measure and mark a height from which you will drop a ball. Record the heightin the first
column of the table. Thisis called theinitial height because it is your starting point.

Ask one person to drop the ball from thatheight while all other group membersvisually identify the maximum height
of the first bounce (the rebound height). Measure and record this height in the second column of the table.

Drop the ball two more times from that same height. Record the rebound heights in the third and fourth columns.
Pre-measure and mark a new initial heightthat is not close to the previous one. Repeat the steps above.

Continue until you have at least four different heights.

Use your calculator to calculate the average rebound. Fill in the fifth column with your averages. Discussion: Why
do we repeat the rebound experiment instead of just taking the first result? Should the average be rounded?

Part 2: Graphing the Data by Hand

1.

The pairs of datato be graphed are theinitial height and the average rebound. The two parts of a pair of data are
theindependent (x) and dependent (y) variables. Sincethe dependsonthe ,we
will call ___thex values and they values.

Determine the scale for each set of data. Discussion: Will negative numbers be included? Will all quadrants be
needed? | s there enough space to use consecutive integersor will thescale needto be changed? What isthe largest
number to be included?Why is the point (0,0) already included on the table?

For each independent variable, determine the value of its corresponding dependent variable and fill in column six of
the table. Locate these ordered pairs on the graph and plat the points

Draw the line of best fit, that is, a straight line which is as close as possible to ¢/l the daa points. It may miss some
points, but all points should be close. Estimate the slope of thisline, m =

Fill in the last column of the table. Conv ert each rate into a unit rate. Dlscussmn Describe what the rebound rates
mean. Compare the unit rebound rates to the slope of the line. Is there a pattern?

Part 3: Graphing the Data Using a Cal cul ator

1.

arwn

Using the <ST AT> featur e, enter the information to be graphed. Put the information from column 1 into the table
under L1. Put the information from coumn5 into thetable under L 2.

Turn onthe STAT PLOTS 1.

Use the <WINDOW> featureto set up the x and y scales. Type in the same values as used when graphing by hand.
Use the <GRAPH> feature to draw the graph. Does it look like the one you did by hand?

Follow your teacher’ sinstructionsto havethe calculator draw thelineof best fit and determine the equation of the line.
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Innovation and Reform

Innovation and reform are taking place in many dfferent aspeds of developmental mathematics, including
instruction, assessment, curriculum, and others. Innovation tends to be a continuous and ongoing pr oduct of
the creative efforts of individuals who are seeking to improve the experiences of their own students, and does
not necessarily imply reform. Reform, on the other hand, suggests subst antive change in funrdamental aspects
of developmental math education. Much of the early inpetus for reform came out o the joint eforts of
organizations such as the National Coundl o Teachers of Mathematics (NCTM) and the American
Mathematical Association of Two-Yer Colleges (AMATY C) during the late 1980s and early 1990s.
Standards devd opedby these groups called for greater focus on conceptual problem-solvi ng, link age between
related concepts, the use of technology in the classr oom, collaborative learning, and incr eased mathematical
communication. While the practices described below are innovative, they may or may not bevieved as part
of areform effort depending upon how they are incorporated into a parti cular devel opmenta program.

Capstone Problems: In itsfullest sense, a capstone problem is ared-world problem that encompasses a full

range of themathematicd concepts coveredin aparticular chapter or urit of study. Capstone prablems are
used for comprehensivereview of concepts, aswell asfor linking individual conceptsto oneanother. Capstone
problems also link skills learned inthe classr oom to real-world applications of mathematical principles. For

exanmple, aset of linear datais given which represents the relationship between the temperatur e and volume
of aknowngas. The students areasked to draw agraph of the data, identify x and y inter cepts, find the dope,

and writethe equation of theline. They arethen asked to usetheir results to describe the relationship shown
by the graph, explain the meaning of the dope and intercepts within the context of that relationship, and

predict gas volumes at given temperatures from the equation of the line. Other concepts that might be
discussed include independent and dependert variables, domain and range, and tabular representations of the
data. Thus, from beginning to end the problem provides a comprehensive review of concepts related to
graphing linear relationships while aso linking the various concepts to one another and the topicitself tothe
real world. Thestrength of acapstone activity is its eff ectivenessin drawing together afull range of concepts
intoasingle problem and in connecting mathematical conoepts andterminol ogy toan everyday exanmplewith
whichstudentscanidentify. Capstoneactivitiesalso emphasizetheimportance of activelearning, visualization
of concepts, and discussion.

Collaborative Activities: Student collaborationin devdopmental mathematicsisdonein many different ways.
In some classrooms, collaborative learning is the primary instructional model. Small groups of Sudents are
given comprehensive problems that can be solved in multiple ways and are asked to find a solution by any
means they can judify. The instructor facilitates as each group collectively works its way through the
problems. Collaboration is also common is classrooms where activity-based learning is employed (see page
13). Collaborative activities often involve some form of data collection followed by the development of
mathematical concepts thr ough performing cal culations on the data collected. Another type of collaboration
invdves math projeds completed by students in groups.

Curricular Enhancements: Curricular enhancements are modifications that add new life to traditional
curricular materials by making standard concepts more interesting or meaningful to students. Examples
include linking developmentd math topics to courses that studentswill take inother fields, drawing on areas
of genera student interest for application problems, providing “ challenge problems’ for stronger students, and
emphasizing the intrigue o certain types of mathematical problem sdving. There are many natural links
between developmental mathematics and other fields of study, particularly in the sciences, business, and
economics. Ingtructor s commonly enhance their course curricula by drawing praol ens directly from general
studies courses in those fields. Application problems of general interest to studerts can be drawn from such
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areas as consumer affairs, social and economic trends, and thelaws of reture. Mathematical intrigue canbe
oftenfoundin simple principles such as those underlying the Y2K or divide-by-zero dilanmas.

Multimedia Technology: With the explosion of the suchtechnol ogies as PCs, Smart Classroons, the Interret,
graphing calculators, and other hand-held computer systems, there isno end in sight to the technological
innovation that is revol uti oni 2 ngthedevd opmental mathematicsclassroom. Thereisagreat need far pioneers
in the use of dassroom techndogy to share their techniques and discoveries with the larger community of
develogpmental maethematics educators

Writing in Mathematics . Devd opmental mathingructars have incorporatedvariousformsof writing into their
mathematicscourses. One exampl e isthe use of mathematicsjournalsin which students verbally explain their
reasoning and steps when solving specific mathematical problems. Journals have also been used to recard
students' thoughts about strategies for succeeding in mathematics or their persona experiences with math.
Other typesof writinginclude math projectsor the use of essay questions ontests. Some math projects involve
solving acomprehensive real-world problem, explaining the stepsin the solution, and interpreting the results
in a meaningful way. Others involve researching a spedfic mathematical topic related to the course
curriculum. Essay questions on tests compel students to verbalize ther reasoning about mathemetical
concepts.

Alternate Forms of Assessment. Although paper-and-pencil, objective testing has dominated the assessment
aspect of developmental mathematics, it is not the only form of assessment in use. A growing number of
ingructars are using math projects, papers, or journas to supplement traditiona types of testing. In addition,
learning speciaists have advocated aternate modes such as oral testing or testing at the blackboard for
studentswith certaintypesof perceptual disabilities, even when objective questions are used. At higher levels
of mathematics, theidea of portf olio assessment is gaining support with some colleges requiring math majors
to assemble portfolios of tests, proofs, written projects, and presentations prior to graduation. While a
portfolio of thistype does not necessarily fit the assessment scheme of asingle course, it does demonstrat e the
viability of using different types of assessments for evaluating overall student performance.

Best Practices in Innovation and Reform

1. Patterns and Connections in Deve opmental Algebraby Pat M cKeague, XY Z textbooks

Instead of seeing courses as a list of many unrelated topics, instructors can teach students to see
mathematical topics as parts of abranching tree of patternsand procedures. Relationships are found even in
items that initially seem unr dlated. Simple sequences can be usal to get studentsstarted recognizing patterns.
These sequences can also be used to demonstrate inductive reasoning. From there, connections between
sequences areexamined, moving on to two dimensional patter nsand fractals. Onesuch journey passesthrough
Pascal’ s triangle the Fibonacci sequence, and the Sierpinski triangle, ending with a surprising connection
between chaotic fundions and fractals.

By presenting courses this way, ingtructors can share with their students the things that drew them to
mathematics in the first place. In addition to achieving higher level skillsin agebra and critical thinking,
students leave the class with an irtuitiveidea o the structureand beauty of mathematics.
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2. Refaming theDevelgomental Mathematics Classroom by Dr. Sdina Vasquez, Southwed Texas State
University

M athemetics education refarm efforts began over tenyears ago and many attempts have been made to
dter mathematics aurriculum and instruction in grades K-12. In an attempt to make a paralle effort in
devel ppmental mathematics education, Southwest Texas State Univesity (SWT) implemented a program
cdled “M. Y. Math Project -- Making Y our Mathematics: Knowing When and How to Use It.” The goas of
this programare (1) tofoster fundamental and problem-solving skills by hel ping students learn when and how
to createand useal gorithmsand (2) to provide on-the-job trainingfor devel gomental mathematicsingructars
through a framework that requir es them to devel op and incarporate non-traditional instructional techniques.
Through the evaluation of this program the following ten key ingredients to a successful devdopnentd
mathematics classroom were identified.

1) Provide formal training for the instructors. Typically, devel gpmental mathematicsingructars are
drawn from apool of part-timefaculty or graduate st udentsthat have not received any formad training or have
no experienceinteaching. Y et, according to Boylan (1998), the education providedto developmental students
should be based on a combination of theoretical approaches drawn from cognitive and developmentd
psychology. Ingructars have to learn about these theoretical approaches and practice implementing them in
order toprovideeffectivedevelopmentd ingtruction. At SW T, devel opmental mat hematicsingtr uctors undergo
a three-day training prior to each semester. The training consists of an orientation to the program, lesson
demonstrations, practice sessions, and workshops on “wise practice’ topics such as collaborative lear ning,
learning styles, and multiculturalism. According to surveys administered after thetraining, participantsclaim
that the demonstrations had the most impact because they provided an oppor tunity to seefirst-hand how non-
traditional techniques ar e utilized effectively.

2) Offer a curriculum a curriculum that includes both fundamental and problem-solving skills, not
simply a review. Developmentd students need a strong mathematical foundation for obtaining their
educational gods since most degree plans require at least one non-remeda mathematics course. In Texas,
state-mandated problem-solving testsmust also be mastered in arder to graduate from college. Inaddition, a
basic-skills-only curriculum goes hand-in-hand with traditional instruction. The tendency isthat oneteaches
the way one was taught and for the vast majority of peaple, fundamental ills were presertedin alecture as
step-by-step proceduresreinforced by drill and practice. Proponentsof traditiona instruction purport that this
is the nost effective meansfor gaining fundamentd skills. Actual practice does not validate thistheory. At
SWT, traditional instruction is na as effective as non-traditiona instruction when it comes to success in
subsequent mathematics courses. Over 50% of students passngtraditional Intermediate Algebra received a
D or F in their subsequent mathematics course wheaeas over 60% of students passng non-traditional
Intermediate Al gebra received a C or better in their subsequent mathematics course.

3) Utilize technology for the sake of content. Pre-algebra usualy includes a significant portion of
arithmetic and geomery, thusit may bedifficult to find non-routine uses for gr gphing caculators. Therefore,
some instructors are strongly againgt the use of any calculator. There are instances, however, when the
calculator may play asignificant roleinthe conceptual understanding of fundamental skills being taught. Even
when the content is more conducive to theuse of technology, precautions should be made to avoid situations
wheestudentsare only usingtechnol agy toverify arithmetic computationsor whereinstructorsareonly using
it for demonstration purposes. At SWT, technology usage is carefully integrated into the curriculum. Not
every lesson contains a recommendation for technolagy usage, but tapics that lend themsdves to the use of
technology do include adivities, demonstrations, and/or references. Moreover, technology-related lessons
incorporate guidelines for the use of technology so that the students also learn about the power of the
technological tods.
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4) Base examples, activities, and problems onreal-world, significantsituations. Current developmentd
mathematics textbook writers have accomplished this goal. Nevertheless, instructors usually draw from
additional resources to develop effectivelessons. T he question then becomes“What resources areavailable?’
At times, devdopmental mathematics curri culum is considered synonymous with K-12 curriculum. For this
reason, the tendency may beto draw from these types of resources Devel gpmental students, however, are not
K-12 studentsand the curriculum should reflect these differences. For instance, many developmental students
are older than average and video-gametype questions may not be pertinent to them. Thegereral practiceat
SWT is to make connections within mathematics aswell as to other disciplines. M athematical connections
assist with grounding the classroom experience in realistic uses of mathematics. Moreover, connecting
mathematicsto different content promotesthe study of other disciplines and makesit lesslikely that irrelevant
information is incor porat ed.

5) Develop a community of developmental mathematics instructors. Having a forumfor communicating
about issuessuchasinstrudional methods and math anxiety isimportant. Devd opmental studentsare perhaps
the most mathematics anxious students. Miller (2002) found that most low-achieving students have
mathematics anxiety. As the negativity associated with mathematics anxiety has the potentia to destroy a
positive | earni ng environment, i nstructorsneed to discussthese types of situationswith empathetic colleagues.
The essence of canmunity is well develgped at SWT and the benefits are prafound. The developmental
mathematics instructors meet weekly to discuss administrative responsibilities as well as the logistics of
classr oom management. Althoughweekly meetings providean oppartunity to demonstrate and share lessons,
the instructors frequently discuss lessons and day-to-day events on an informal basis as well.

6) Student performance should be ewaluated constantly and using various assessment tools.
Devel gomental mathematics students need several opportunities to demonstrate that they understand the
content. Bothformal and irnformal evaluationshould takeplace Instructars should providestudentswithwell-
sequenced problems that focus on problem solving as wdl as basic skills. Students at SWT are given daily
homework, weekly quizzes, at least four exams, and one final exam. Since the SWT program focuses on
creating agorithms, thisactivity isreinforced in the assessment tools. That is, the students are asked not only
to solve real-world problems, but a so to describe how they sol ved them.

7) Utilize various instructional techniques. Developmenta mathematics students have not been
successful in thepast and thusthe instructional techniques used in the past should not be replicated. Instead,
ingructars need to undo misunderstandings and build conceptual comprehension. This can be done by
engaging students in discovering thehow' s and why’ s in mathematics which requires using non-traditianal
instructional technigues. TheM. Y. Math Prgectis basedon aninstructional methodthat consistsof asteady
progression through four phases: modeling, practice, transition, and independence. The progression begins
with teacher-directed indruction of fundamental tgpics and continues towards a sudent-directed learning
environment for complex topics in a problem-solving context. The ultimate goa is to provide a studert-
centered learning environment where students gain understanding of mathematical concepts by creating
pertinent algorithmsusing problem-solving techniques which are solidified through carefully developed, real-
world problens.

8) Make efforts to build confidence. Asnoted above, developmenta mat hematics students have not been
successful in the past. This may be primarily because they tried to memorize procedures. Consequently,
motivation may below and efforts may beweak. By focusing on understanding how and why a processworks,
students are more likely to experience authentic success and develop confidence. Making use of a gori thms
helpsto rdieve the socid and emotional prablems of many o these studerts (Boylan, 1998). One such
problem is mathematics anxiety. Algorithms provide structure to problems; if students become anxious and
cannot solve a given problem, they can rely on the agorithm for support and guidance. Low self-esteem is
another conmon characteristic of developmental mathematics students that may be relieved by the use of
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algorithms. Algorithms ar e reliable guides to problem solving which, if developed and used correctly, result
in correct solutions and conceptual underganding. As thestudents experience success ther confidence may
increase. In addition, gudents may devel op more enthusiasm for, and interest in, the subject and school
because of this newfound positive experience. Another means by which agorithms address the social needs
of studentsis by fostering interaction. When students are areating thar own algorithms, they interact with
other studentstocompareresults, aswell aswith the teacher for logical accuracy. This, inturn, produces ties
among the students, thet eacher, and the schoal. T heseimpr ovementson the socid and emotional inadequacies
of thedevel opmental mathematicsstudent will potentially increase retentionin mathematics classesand college
in general.

9) Be sure that developmental mathematics courses are aligned with the goals of the students, the
department, and the institution. After completing the course, thestudentsshould (1) be prepared for continued
study of mathematics, (2) be equipped with the mathematical knowledge and skills needed in their respective
careers, (3) have refined and strengthened mathematical knowledge and skills, and (4) havea desirefor life-
long mathematical learning through improved problem-solving, reasoning, and communication skills using
mathematical comnections, modding, and technology. At SWT, every effort is made to providestudents with
acourse that fits thesegoals.

10) Everyone should be having fun. Making the developmental mathematics cl assroom an inter active,
hands-on place tolearn to“figurethingsout” isenjoyable to everyone. Instructor s should not be afraid to take
risks by facing challenging lessons and resistant students head-on.

Boylan, H. R. & Saxon, D. P. (1998). T he origin, scope, and outcomes of developmenta education in the
20th century. In J. L. Higoee & P. L. Dwindl (Eds.), Developmental education: Preparing
successful college students, Monograph Series #24. (ERIC Document Reproduction Series No. ED
423794).

Miller, N. C. (2000). Perceptions of motivation in developmental mathematics students: [ would rather
drill my own teeth (Dissertation). TX. (ERIC Document Reproduction Series No. ED 457911).

3. Information onthe Reform Movements of the 1990s

National Council of Teachers of Mathematics. (1989). Curriculum and evaluation standards for school
mathematics. Regon, VA: Author.

American Mathematical Association of Two-Y ear Colleges. (1995). Crossroads in mathematics:
Standards for introductory college mathematics before Calculus. Menphis, TN: Author.

4. Additiona Resources

Hartman, H. J. (193). Cooperativelearnng approachesto mathematical prablemsolving In A. S.
Posamentia (Ed.) The art of problem solving: A resource for the mathematics teacher. Kraus
International Publications.
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Learning Disabilities

Learning disabilities differ substantially from developmental deficiencies. While developmenta deficiencies
aregenerally associated with academic under prepar edness, lack of motivation, poor organizational or learning
skills, and thelike learning disabilities are neurological dysfunctions thet affect perceptual, processing, or
memory functions. Consequently, meeting the needs of studentswith verifiablelearning disabilitiesisentirely
different from meeting the needs of underprepared students and may require professional training.
Develgomental math educators who lack such training should at least be informed as to how to identify
potentialy learning-dsabled students in order to make referrals to trained professionals when necessary.
Learning specialists or others who have experience in this field are invited to contribute information on this
topic to future issues of this publication.

Best Practices in Learning Disabilities

Teaching M athenetics to Students with Learning Disabilities by Dr. Ruth Feigenbaum, Bergen Community
College

At Bergen Commurity College (BCC), the number of self-disclosed students with learning disabilities
hasbeen increasing. If these students are enrolled in adegree program, they must, at aminimum, successfully
compl etethe developmenta mat hematics requirement. In order to provide for the special heeds and lear ning
styles of these students, BCC offers dedi cated sections of devd opmental mathemati csand elementary al gebra
for LD studerts. The purpose of these special classes isto establish a dassroom environment that promotes
learning, while focusing on the specific needs and learning styles of each individual student, without
compromising the content of the course and the standards of the Mathematics Department.

For mogt LD students, it isthelearning disability nat the subjedt matter that interferes with thelearning
process. Inorder to“ level theplaying field,” instr uction in the LD mat hematics classes emphasizes techniques
that alow students to circumvent their learning disabilities and focus on the learning of mathematics To
accomplish thisend, indvidual teaching and learning strategi esare devel oped cooperatively by the instructor
and thestudent, techniques that focus on the student’ s strengths.

Modes of ingtruction emphasizing the pr oper reading and writing of mathematicsare anintegral part of
the course. In order to work with mathematica expressions, sudents must be ableto disti nguish between the
terms and the factors comprising an expression. To avoid errors in simplifying expressions, students must
develop the ability to write out their work one step a a time. When working with applications, a correct
reading of the words of the problem and an accurate mathematical representation of the meaning of the
problem are prerequisite to solving the problem.

Many of the teaching and lear ning strategies devel oped emphasize the use of color or space. Colored
percils or pens areused to highight items which might be visually misinterpreted, thereby minimizing copy
errars and inaccur ate reading. Color is also used to focus a student’ s attention on a particular area of
weakness. The appropriate use of space can be asignificant aid to the LD studert. Increasing the work space
by usinglargesheds of paper or the blackboard hd ps students or ganizetheir work. Limiting problemsto one
per page avoids distractions. Subdividing a page so that subtasks are separated from the main procedure of
the problem pe'mits students to focus on individual tasks.

Many of the problems encounter ed by the LD student in learningmathemati csare similar to those of the
gereral population, only more pronounced. T hus, many of the strategies used in theL D mathematics classes
are applicableto all students; they are just good teaching and learning techniques.

For moreinformation on thetopic of teaching algebrato LD students, seethearticle Algebra for Students
with Learning Disabilities , published in the April 2000 issue of The Mathematics Teacher, apublication of
the National Cound! of Teachers of Mathematics.
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Academic Support

It iswdl established that many students entering college with developmental needs in academic content
areas aso have deficienciesin study skills, classroom skills, organizational skills, and other such attributes
that are critica for success in cdlege. Historically, cdleges expectad students to overcome such ddficits
themsel ves. However, inrecent years many institutions have takenamore active rd e in teaching students what
might be termed “ college success skills.” Much dof thisactivity occurs in the academic support areas whae
studerts seeking individualized tutorial assi stanceal so receiveinstruction on howto managetheir studesmare
effectively. Some of this activity also occurs programnetically through freshman seminars, educational
opportunity programs, and the like.

At least two other typesof programmatic suppart area so employed in developmental mathematics. This
first isawell-established model known as Supplemental Instruction (Sl), which combines characteristics of
peer tutoring and small group instruction. The formal SI model targets high-risk courses rather high-risk
students and is most commonly used in courses such as Calculusor Physics, which are historically difficult
for all students. With some variations, however, the SI model has al sobeen used successfullyin devd opmentd
mathemetics. |n Supplemental Instruction, an Sl leader (usually an upper class student) attends al classesfor
aparticular section of a course andthen holds 2-3 supplemental sessions pe week. During these Sl sessions,
the leader works thr ough course material with studentsin a small group context, acting as afacilitator r ather
thanlectur er. S| alsointegr ates lear ning strat egies with course content by hel ping students effectively usetheir
textbook, understand terminology, develop study strateg es, and preparefor tests. By inviting and encouraging
al studentsto attend, rather than only those whose performance is low, Sl attemptsto foster a non-remedial
environment as well.

One variation of the SI modd isto offa Review Sessions strictly prior to tests rather than 2-3
Supplenental Instruction sessions per week. This option can achieve some o the same benefits as SI, but
requires a lesser time commitment on the part of the sudents. A second variation (see bdow) is the use of
“linked labs” designed to be taken concurrently with a particular devel opmental course. This option can be
of particular benefit to studentswho areretaking acoursein thet it providesregul ar, gructured assistancethat
is coordinated directly with the course itsdf.

One deficiency of support services such as those described above is that usage is dependent upon
indvidual student initiative. Consequently, even the best services are often underutilized. A second type of
programmatic support is built into the course structure itself. The advantage of built-in support is that all
studertsreceiveitsbenefitsir respectiveof individual levelsof motivationor intiative. Built-in support usualy
involves in-class, aurricular activities designed to improve students’ learning skills such as textbook usage,
note-taking practices, study strategies, ability tounderstand mathematical termindogy, or othe's. Curricular
activities that focus on the development of learning skills can be incorparated periodically as indvidual
exercises or regularly through theuse of supplemental materials.

Best Practices in Academie Support

1. Linked Labs: Possible Key to Success in College Algebra? by Don Brown, Macon State College and
Donna Saye, Georgia Sauthern University

In an dfort to increase sudents' success in Cdlege Algebra the L earning Suppat Depatment at
Georgia Southern University offered a 1-hour algebra lab course for studentsto take concurrently with the
College Algebracour se. The lab provided furthe instructi on and assi stance on topics students found difficult.
It wasinstitutional pdicy that any student earninglessthan a C gradein College Algebrawould be required
to take the lab when re-enrdling in College Algebra.

Initially, thelab caurse was plagued by compl aints of students and instructors. Over ti me, adjustments
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were made tolessenthecomplaints and makethecourse more bendicial to studentsand instructors. During
the Spring Semeste 2000, labs linked to the same algebra class were pilaed. All of the students had
previously attempted College Algebra one or mare times. As aresult of the linked labs, student needs were
better met and more students successfully completed the class. Benefits of linking the lab toan algebraclass
included better gpportunity far the lab instructor to communicate with the course instructor about |essons,
better environment for group work since al sudents werefr omthesame class, extra opportuntiesfor students
to lear n to use the T1-83 cdculator, and greater devel opment of student confidence.

Data from almost 3700 gudents camparing student peformancein the linked-lab courses to that of
studertsin College Algebrawho did not take the 1ab showed that appr oximately 53% of those taking the lab
earned grades of C or better as compared to 43% of those in the traditional classes. T he number of students
receiving A or B gradeswas aso higher. T he studentsin thelinked-lab algebra classeswereall repesters, none
of whom had been successful in algebrain the past. It isalso interesting to note that few students wi thdrew
from the linked class. For thefirst time, these students felt that they had a good chance of passing.

2. Resourcesfor training tutor s (contributed by Linda Hunt, Marshall University)

The Master Tutor: A Guidebook For More Effective Tutoring by Ross B. MacDonald
1994

Williamsville, NY: Cambridge Stratf ord, Limited

Hardcove 64 pages (ISBN: 0935637206)

Softcove 124 pages (I1SBN: 0935637192)

The Tutor's Guide

(Videotape series of fourteen, 15-minute programs with instructor’s manual)
GPN

P. O. Box 80669

Lincoln, NE 68501-0669

(800) 228-4630

<gpn@unlirfo.unl.edu>

A Look at Productive Tutori ng Techniques
(Videotape series of dght modules)
Undergraduate Tutoria Center
Box 7105
North Cardina StateUniversity
Raleigh NC 27695
(919) 515-5619
<ken_gpttis@ncsu.edu>

3. Additiona Resources

Hart, L. & NajeeUllah , D. (1995). Studying for mathematics. New Y ork: Har perCollins College
Publishers.

Smith, R. M. (1994). Mastering mathematics: How to be a great math student. Belmont, CA: Wadsworth
Publishing Company.

A mathematics study skills guide by Neil Starr, Nova Southeasten Univesity. Available onthe web at
<www.undergrad.nova.edu/A cademicServices/mathsg html>.
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Additional Resources for Developmental Mathematics Educators

1. NADE Math SPIN web site:  http://www.etsu.edu/devstudy/spin

2. Graduate Programs in Developmental Educaion

The Kellogg Ingtitute (offers training and certification of developmental educators)
ASU Box 32098

Appalachian State University

Boone, NC 28608-2098

(828) 262-3057

http://www.ncde.appgate.edu

Grambling State U niversity (offers master’s and doctora degreesin Developmental Education)
Campus Box 4305

Grambling, LA 71245

(318) 274-2238

National-Louis University (offers master’s degree in Developmental Studies on-campus and on-
lire)

30N.Lalle st.

Chicago, IL 60602

(888) 658-8632

http://www.nl.edu/ace

3. Professona Development

Teachers Teaching with Technology T3
Week-long summer institutes and short courses
(Graduate credit is available)

e-mall: t-cubed@ti.com
http://www.ti.convcalc/docs/t3.htm

American Mathematical Association of Two-year Colleges
Outer Barks Summer I nstitute

(Graduate credit is available)
http://www.math.ohio-stae.edu/shortcourse/

Technology Institute for Devel opmental Educators
S.W. Texas Sate University

San Marcos, TX

http://www.ci.swt.edu/TI DE/ TI DEhome.htm
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International Council on Technology in Collegiate Mathematics (ICTCM)
Professional Development Short Courses

(Graduate credit is avail able)

http://www.ictcm.org/shortcourses

Supplemental Instruction Supervisor Workshops
Training in implementing and supervising an Sl program
e-mail: cad@umkc.edu

http://www.umkc.edu/cad/

4. Publications

Journal of Developmental Education
National Center for Developmertal Educaion
Reich College of Education

Appalachian Stae University

Boone, NC 28608
http://www.ncde.appdate.edu

Research and Teaching in Developmental Education
New York College Learning SkillsAssocidion
http://www.rit.edu/~jwddc/NY CLSA

Mathematics and Computer Education Journal

(Three upcoming special issues on devel opmental mathematics)
June 15, 2002: “Innovative Approaches’

January 15, 2003 “ Incorporating Technology”

September 15, 2003: “Reforming Pedagogy and Instruction”

The Journal of Teaching and Learning

Ohio Asxociaion of Developmental Educaion

c/o Developmental Education Depart ment

Owens Community College

P. O. Box 10,000

Toledo, OH 43699-1947

e-mail: phausmann@owens.cc.oh.us or enewman@owens.cc.oh.us

Mathematics Teacher

Journal for Research in Mathematics Education
National Council of Teachers of Mathematics
1906 Association Drive

Reston, VA 20191-1502

(800) 235-7566

orders@nctm.org
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Eightysomething: Newsletter for users of TI calculators
P. O. Box 650311

M/S 3908

Dallas, TX 75265

Web Sites

American Mathematical Association of Two-Y ear Colleges (AMATY C): http://www.amat yc.org
National Council of Teachers of Mathematics(NCTM): http://www.nctmorg

College Reading and Learning Association (CRLA): http://www.crla.net

National College Learning Center Association (NCLCA): http://www.eiu.edu/~Irnasst/nclca/

Miscellaneous

Annotated Research Bibliography in Developmental Education

Annotated Bibliography of Major Journals in Developmental Education

For information: National Center for Developmertal Educaion
(828) 262-3057
http://www.ced.appgate.edu/ncde

Remedial Education at Higher Education Institutions in Fall 1995
National Certer for Education Statistics

Office of Education Resear ch and Impr ovement

555 New Jersey Avenue NW

Washington, DC 20208-5574
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