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ABSTRACT

A student’s mathematical preparation is important in readiness for posisego
study and ultimately success in a global job market. Nationally, a significartier of
students are leaving high school unprepared for college-level course work in
mathematics. A 2008 National Center for Educational Statistics report on Community
Colleges indicates that 15.5 percent of first-year postsecondary stugemteddaking
developmental courses in mathematics during the-Z0IB! academic year (Provasnik
& Planty, 2008, p. 39). Data at the state level, and specifically for commohages,
are more unsettling. For example, a Maryland Higher Education Commission (2011)
study found that 61 percent of students who entered community colleges, after having
completed a high school core curriculum, required remediation in mathematics. The
remediation rate in mathematics for graduates who did not complete a corelaonr
was 69 percent (p. 13).

With national data showing the United States lagging behind other countries in
mathematics achievement, and significant numbers of students annuallyngrirolli
developmental course work, it is important to increase the number of studeritggenter
postsecondary study ready for college-level course work. Decreasingeh for
remedial course work in mathematics will lead to a higher postsecontamiioe rate,

an increase in the number of degree confirmations, and potentially a strongereerkf
i



This study investigates the articulation of students from Montgomery County
Public Schools, Maryland to Montgomery College, the school district’s feeder
community college. Montgomery County, a suburb of Washington, D.C., has'the 16
largest public school district in the nation. Approximately 33 percent of eacls ye
graduating class attends Montgomery College and more than half of tinelees
require developmental course work in mathematics.

Utilizing data from the Montgomery County Public Schools 2009 graduating
class, this study employs logistic regression to analyze the records of @@2rits who
entered Montgomery College in the 262010 academic year. The study identifies
specific factors, including high school mathematics course attainmennahddurse

grades that predict placement in developmental mathematics courses.
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CHAPTER 1

THE RESEARCH PROBLEM

Introduction and Context

Business leaders, politicians, educators, and the general public have deemed
mathematics achievement in the United States of America a prioriegtmational
improvement for more than half a century. The launch of Sputnik in 1957 initiated an
intense international education race that is still underway as we embéudx second
decade of the Zcentury. There have been many national initiatives and calls for action
to improve mathematics education. The National Defense Education Act (NDEA) of
1958 was one of the first responses to Sputnik by the U.S. government. This legislation
appropriated federal funds to support the improvement of mathematics and science
education (NDEA, 1958).

The NDEA was followed by a myriad of legislation and commissioned reports
designed to improveKlL2 education including thelementary and Secondary Act of
1965and its most recent reauthorization asNloeChild Left Behind Act of 200A
Nation at Risk (1983), America 2000 (1990), Goals 2000 (1994), Before It's Too Late: A
Report to the Nation from the National Commission on Mathematics and Science
Teaching for the Z1Century (2000), Trends in International Mathematics and Science
Study (TIMSS) 2007, and Rising Above the Gathering Storm: Energizing and Engploy
America for a Brighter Economic Future (2007). These legislative me=aand
commissioned reports outlined the failures of mathematics education and advocated for

higher content standards for American students and improved mathemate ahit.



At the national level, recent TIMMS and National Assessment of Educational
Progress (NAEP) data confirm the concerns regarding mathematicgesohrd.
“Although the average mathematics score of U.S. fourth-graders was 518 in both 1995
and 2003, the data suggests that the standing of U.S. fourth-graders relative totheir pee
in 14 other countries was lower in 2003 than in 1995 in mathematics” (Gonzales, et al.,
2004, p. 8). TIMMS scores do show some improvement; however, the gains have been
gradual. “In 2007, the U.S. fourth-grade average mathematics score of 529 wale 11 sc
score points higher than the 1995 average of 518" (Gonzales, et al., 2008, p. 8). The
2007 TIMMS report data also show some improvement in eighth-grade student
performance between 1995 and 2007, yet U.S. eighth-grade students still lag behind their
peers in several other countries. In 2007, “seven countries had higher percentages of
students performing at or above the advanced mathematics benchmark than the United
States: Chinese Taipel, Korea, Singapore, Hong Kong SAR, Japan, Hungary, and the
Russian Federation” (Gonzales, et. al, 2008, p. iii). Following gains in mean NAEP
scores for 17 years, scores for fourth graders remained the same, amidbdémseighth
graders saw a sluggish two-point rise between 2007 and 2009 (NAEP, 2009, p. 1).

A student’s mathematical preparation is important in readiness for postsgconda
study and ultimate success in the job market. Colleges and universities phéfteasiy
value in SAT, ACT, and Accuplacer scores, which are the most commonly used
standardized measures for college admission. Scores from these exasjr@atiwell as
placement tests developed and administered at the local university leuwshidete
whether or not a student enters postsecondary study enrolled in collegeslensel work

or is assigned to remedial courses to hone skills that should have been mastered in high



school. A student’s high school mathematics course work lays the foundation for
success on high-stakes college entry exams. “Educators expressisdhatstudent

failure to take college preparatory courses, grade inflation, and a lackd&maic rigor

in high school courses all contribute to the need for remediation in college” oyt
Sorensen, 2001, p. 26). A student’s placement in developmental course work may be a
determining factor between earning a college degree or dropping ouhott is

uncommon for students’ to become so mired in remedial classes that they |l@s inter
and motivation, resulting in the discontinuation of their postsecondary studies (Deil-
Amen & Rosenbaum, 2002).

The 2007 Digest of Educational Statistics reports that during the 2006-2007
school year, 72.8 percent of all degree-granting institutions offered rdrsedies
(Snyder, et al., 2008, p. 462). A 2008 National Center for Educational Statistics report on
Community Colleges indicates that 15.5 percent of first-year postsecohazdents
reported taking remedial courses in mathematics during the-2008 academic year.

In public two-year institutions, 22.3 percent of students reported enrolling in rémedia
courses while in four-year public institutions, 13.9 percent of students selte@por
enrollment in developmental courses (Provasnik & Planty, 2008, p. 39).

With national data showing the United States lagging behind other countries in
mathematics achievement, and significant numbers of students annuallyngnrolli
developmental course work, it is important to identify solutions to increase the noimber
students entering postsecondary study ready for college-level couksewor

mathematics. Decreasing the need for remedial course work in mattseewititiead to



a higher postsecondary retention rate, an increased in the number of degree
confirmations, and a stronger workforce.

The purpose of this study is to determine whether specific factors, including
highest-level mathematics course attained and/or grades in high school atathiem
courses predict the need for enrollment in developmental mathematics cotinges a
postsecondary level. Identification of these factors may provide educatiorsowcrete
information that they can use in their efforts to decrease the number aftsttateed to
enroll in remedial courses. If this study identifies a correlation amosg #lements, it
may be possible to alter the high school mathematics pathway of some students, thus
benefiting graduates as they enter postsecondary study prepared fpz-tlid

mathematics.

Statement of the Problem

Montgomery County Public Schools (MCPS) is located in the Maryland suburb of
Washington D.C. As a highly educated community with high-tech governmental and
business interests, there are lofty expectations for students who gradmatbki$rschool
district. Montgomery County is home to approximately 350 biotechnology companies
and 19 federal research and regulatory agencies. To support the vast arrayeaxhigh-t
companies and governmental agencies, there are more than 100,000 advanced technology
workers (Business Innovation Network, 2011, para 1). Table 1 shows that, among the
five most populated jurisdictions in Maryland, Montgomery County ranks number one in

the population of citizens 25 years old or older who hold bachelor’s or advanced degrees.



Table 1. Percentage of Degrees in the Five Largest Jurisdictioraryhakid

Rank Jurisdiction Bachelors Advanced Estimated
Degree and Degrees Population
Above 2009
e Maryland 35.2 15.6 5,699,478
1 Montgomery County 56.1 29.2 971,600
2 Anne Arundel County 35.3 14.6 521,209
3 Baltimore County 34.3 14.2 789,814
4 Prince George’s County 30.0 12.2 834,560
5 Baltimore City 24.9 11.7 637,418

Data Sourcel.S. Census Bureau, American Fact Finder, 2009 [Patdiles, Population 25 Years and
Over

As the most populated jurisdiction in Maryland, there has been substantial growth
and sizable changes in demographics among the county’s population. The student
demographics in Montgomery County Public Schools also have changed significantly
over the past 30 years. In the 196869 school year, the student population comprised
4 percent African American, 1 percent Asian American, 1.4 percent Hispanic, and 93.6
percent white. In the 2068009 school year, the enrollment demographics had changed
to 23.2 percent African American, 15.5 percent Asian, 22.1 percent Hispanic, and 39.1
percent white (Montgomery County Public Schools, Capital Improvements Budget, 2009,
p. A-3). The enrollment figures for special populations in 20089 included 11.2
percent special education, 11.2 percent English Speakers of Other Lan@igQes, (
and 27.1 percent Free and Reduced-priced Meals Systems (FARMS). The total
enrollment for Montgomery County Public Schools in the 2@089 school year was
139,276 students. Table 2 on page 6 shows the Montgomery County Public Schools

demographic enroliment and the total district enrollment from 1968 through 2009.



Table 2. District Enrollment by Race/Ethnic Groups: 12689

School African American American Indian Asian American Hispanic White Total

Year Number Percent | Number | Percent | Number | Percent | Number | Percent | Number Percent | Enrollment
1968-69 4,872 4.0% 75 0.1% 1,208 1.0% 1,673 14% | 113,621 | 93.6% 121,449
1969-70 5,716 4.6% 123 0.1% 1,401 1.1% 1,832 15% | 115,899 | 92.7% 124,971
1970-71 6,454 5.1% 131 0.1% 1,476 1.2% 2,438 1.9% | 114,845 | 91.6% 125,344
1971-72 7,292 5.8% 113 0.1% 1,640 1.3% 2,475 2.0% | 114,687 | 90.9% 126,207
1972-73 8,013 6.3% 194 0.2% 1,904 1.5% 2,688 2.1% | 114113 | 89.9% 126,912
1973-74 9,264 7.3% 77 0.1% 1,849 1.5% 1,996 1.6% | 112,990 | 89.5% 126,176
1974-75 9,928 8.0% 113 0.1% 1,929 1.6% 2,050 1.6% | 110,299 | 88.7% 124,319
1975-76 | 10,578 8.7% 122 0.1% 2,438 2.0% 2,234 1.8% | 106,900 | 87.4% 122,272
1976-77 | 11,012 9.4% 822 0.7% 3,758 3.2% 3,668 3.1% 98,370 | 83.6% 117,630
1977-78 | 11,201 9.9% 545 0.5% 4,084 3.6% 3,517 3.1% 93,278 | 82.8% 112,625
1978-79 | 11,192 | 10.4% 334 0.3% 4,360 4.1% 3,486 3.2% 88,058 | 82.0% 107,430
1979-80 | 11,648 | 11.4% 209 0.2% 4774 4.7% 3,442 3.4% 82,446 | 80.4% 102,519
1980-81 | 11,912 | 12.1% 187 0.2% 5,598 5.7% 3,760 3.8% 77,386 | 78.3% 98,843
1981-82 | 12,175 | 12.7% 161 0.2% 6,291 6.6% 4,122 4.3% 72,838 | 76.2% 95,587
1982-83 | 12,345 | 13.3% 156 0.2% 6,791 7.3% 4,231 4.6% 68,994 | 74.6% 92,517
1983-84 | 12,714 | 14.0% 166 0.2% 7,266 8.0% 4,388 4.8% 66,496 | 73.0% 91,030
1984-85 | 13,327 | 14.5% 136 0.1% 8,024 8.7% 4,807 5.2% 65,410 | 71.3% 91,704
1985-86 | 13,765 | 14.8% 140 0.2% 8,759 9.4% 5,273 57% 64,934 | 69.9% 92,871
1986-87 | 14,342 | 15.2% 142 0.2% 9,471 | 10.0% 5,845 6.2% 64,660 | 68.5% 94,460
1987-88 | 14,984 | 15.6% 194 0.2% 10,229 | 10.6% 6,376 6.6% 64,488 | 67.0% 96,271
1988-89 | 15,900 | 16.1% 223 0.2% 10,960 | 11.1% 7,208 7.3% 64,228 | 65.2% 98,519
1989-90 | 16,612 | 16.6% 294 0.3% 11,565 | 11.5% 8,199 8.2% 63,589 | 63.4% 100,259
1990-91 | 17,721 | 17.1% 268 0.3% 12,352 | 11.9% 9,202 8.9% 64,189 | 61.9% 103,732
1991-92 | 18,867 | 17.6% 293 0.3% 12,983 | 12.1% | 10,189 9.5% 65,067 | 60.6% 107,399
1992-93 | 19,938 | 18.1% 323 0.3% 13,521 | 12.3% | 11,071 10.1% 65,184 | 59.2% 110,037
1993-94 | 21,009 | 18.5% 397 0.3% 14,014 | 124% | 12,260 | 10.8% 65,749 | 58.0% 113,429
1994-95 | 22,170 | 18.9% 464 0.4% 14440 | 12.3% | 13,439 | 11.5% 66,569 | 56.9% 117,082
1995-96 | 23,265 | 19.3% 400 0.3% 15,016 | 12.5% | 14,437 | 12.0% 67,173 | 55.8% 120,291
1996-97 | 24,281 | 19.8% 440 0.4% 15,384 | 12.6% | 15,348 | 12.5% 67,052 | 54.7% 122,505
1997-98 | 25,420 | 20.4% 442 0.4% 15,904 | 12.7% | 16,502 | 13.2% 66,767 | 53.3% 125,035
1998-99 | 26,820 | 21.0% 428 0.3% 16,380 | 12.8% | 17,815 | 13.9% 66,409 | 52.0% 127,852
1999-00 | 27,490 | 21.0% 385 0.3% 17,093 | 13.1% | 19,485 | 14.9% 66,236 | 50.7% 130,689
2000-01 | 28,426 | 21.2% 407 0.3% 17,895 | 13.3% | 21,731 16.2% 65,849 | 49.0% 134,308
2001-02 | 28,928 | 21.1% 414 0.3% 19,042 | 13.9% | 23,517 | 17.2% 64,931 | 47.5% 136,832
2002-03 | 29,755 | 21.4% 428 0.3% 19,765 | 14.2% | 24,915 | 17.9% 64,028 | 46.1% 138,891
2003-04 | 30,736 | 22.1% 429 0.3% 19,908 | 14.3% | 26,058 | 18.7% 62,072 | 44.6% 139,203
2004-05 | 31,446 | 22.6% 396 0.3% 20,118 | 14.4% | 27,011 19.4% 60,366 | 43.3% 139,337
2005-06 | 31,816 | 22.8% 402 0.3% 20,458 | 14.7% | 27,931 | 20.0% 58,780 | 42.2% 139,387
2006-07 | 31,620 | 22.9% 418 0.3% 20,452 | 14.8% | 28,582 | 20.7% 56,726 | 41.2% 137,798
2007-08 | 31,597 | 22.9% 403 0.3% 20,931 | 15.2% | 29,602 | 21.5% 55,212 | 40.1% 137,745
2008-09 | 32,173 | 23.1% 399 0.3% 21,551 | 15.5% | 30,738 | 22.1% 54,415 | 39.1% 139,276

Source: Montgomery County Public Schools, Department of Reporting and Regulatory Accountability, November 2, 2009.
Note: Montgomery County Public Schools uses a combined method for collecting and reporting racial/ethnic data.
All Hispanic students regardless of their race are included in Hispanic enroliment.




As a well-educated high-technology business community, Montgomery County
invests a significant amount of funding in public education. Among the 24 Maryland
school districts, Montgomery County has the second highest per-pupil expenditure. The
Maryland State Department of Education Fact Book 2009-2010 (pp. 24-25) enumerates
the Montgomery County cost per student at $14,969. Worcester County has the highest
cost per student at $15,496 and Caroline County has the lowest per-pupil expenditure at
$11,154. The average per-student expenditure across all 24 Maryland school districts is
$13,013. In the most recent data reported by the U.S. Department of Education, the
average cost per student across the United States in the2P0@6school year is $10,182
(Aud, et al., 2010, p. 279). By all measures, Montgomery County Public Schools is a
well-funded school district.

The Maryland State Department of Education requires that students who earn a
Maryland high school diploma complete 3 credits in mathematics with 1 credit gequire
in algebra and 1 credit required in Geometry. The third credit may be shligfiaking
any course that is identified as a mathematics credit (Code of Marylaki, 20
Montgomery County Public Schools, a fourth credit of mathematics is required to
graduate. The school district instituted the graduation requirement for aoraldit
credit in mathematics for students entering Grade 9 during the- 1993 school year
(Montgomery County Public Schools, Regulation ISA-RA, p. 3). The additional required
credit was added in an effort to strengthen students’ mathematics knowledge upon
graduation and better prepare them for postsecondary study.

Montgomery County Public Schools offers a number of high school mathematics

courses, beginning with Algebra | through Advanced Placement StaasticCalculus.



College math courses are also offered in some high schools. With the exception of
Algebra I, on-level and honors courses are offered in Geometry, Aldebrall
Precalculus. Additional math courses include options such as Calculus with
Applications, Statistics and Mathematical Modeling, and Quantitativeacye MCPS
does not offer remedial courses in math; however, an Algebra | support colede cal
Related Math is available to students who need additional time to mastegéieail
content. For English Language Learners, Mathematical Approach to ProblemgSslvi
offered as an introductory mathematics course. Montgomery County Public Scheols ha
a “no gate-keeping” policy for entry into honors and Advanced Placement courses.
Students who have the motivation and persistence to enroll in and undertake the
challenges of honors-level work, may elect to register for these courses.

Montgomery College, the state- and county-funded community college, offers a
range of two-year degree and certificate programs to MCPS gradodttslacal
residents seeking postsecondary educational opportunities. With $10,000 contributions
from both the state and the county, the Montgomery Junior College was established in
1946 in an effort to ensure that returning World War Il veterans ascertkiflischeeded
for a burgeoning job market. The college, located at Bethesda-Chevy Chase High
School, began offering classes on September 16, 1947. Classes were offered on
weeknights and Saturdays. As enrollment grew, campuses were opened in Takoma
Park/Silver Spring in 1950 and in Rockville in 1965. The Montgomery County Board of
Education served as the governing board of the Montgomery Junior College until 1969,
when a Board of Trustees was established and the name was changed to Montgomery

College. By 1970, the college employed 500 part- and full-time faculty and énrolle



8,000 students. In 1978, the Germantown campus opened, joining existing campuses in
Takoma Park and in Rockville. Montgomery College experienced significant growth in
the 1980s. By 1986, the faculty had grown to more than 900 and enroliment expanded to
18,000 students (Montgomery College, 2009).

Modern-day Montgomery College had its roots as a division within Montgomery
County Public Schools, creating a unique relationship between the two institutions. |
recognition of their exceptional relationship, the two institutions formed a psirtpen
1999. With funding and support from the Montgomery County Council, the elected
governing body of Montgomery County, Montgomery College and Montgomery County
Public Schools established a plan to formally connect the Pre-kindergarterhtade
12 educational programs of Montgomery County Public Schools with the postsecondary
programs at Montgomery College. The partnership work included college and career
planning, curricular alignment, literacy support for struggling studentspoodtion in
offering after-school enrichment programs, college planning workshops for pamahts
college courses for high school students. The school district and the college also
collaborated on the implementation of a Gateway to College program, designed to offer
high school dropouts the opportunity to complete their high school credits on the
community college campus and graduate with an associate’s degree. This program,
initiated in 2004 with start-up funding provided by the Bill and Melinda Gates
Foundation, is a replication of the Portland Community College Gateway to College
Program (Montgomery College, 2011).

The college experienced gradual growth from 2006 through 2010. In the fall of

2002, enrollment was 22,893 and by the fall of 2010, enroliment had grown to 26,015



(Student Enroliment Profile, Montgomery College, 2010, p. 2). There were 10,158
Montgomery County Public Schools graduates in June 2009. Of these graduates, 3,515
(34.6%) enrolled at Montgomery College in the fall of 2009 (Montgomery College,
Student Enrollment Profile, 2010, p. 1&nly students enrolled in the 25 comprehensive
high schools are included in the data set for this study which creates andéfeetween
the actual number of Montgomery College enrollees in the fall of 2009 and the number of
enrollees used in this study. Students enrolled in alternative programs arimaext
placements are not captured in the data.

At Montgomery College, the graduation and transfer rate is significantlyrhighe
for students who enter college ready. College ready is defined as stutderdganall at
Montgomery College who do not require developmental or remedial course work.
During a four-year period (fall 2001 through fall 2004), the average graduatisiér
rate for students’ classified as college ready was 61.8 percent. The mea
graduation/transfer rate for students classified as developmental cospla$e49.0
percent. Those students who did not complete their developmental course work, yet
managed to graduate or transfer did so at an average rate of 28.5 percent (Montgom
College, Performance Accountability Report, 2009, p. 15). These data confirm that
students who enter Montgomery College, and directly enter credit-bearings;@aresse
more likely to graduate with an associate’s degree and transfer to yesrunstitution
than those students who are required to enroll in developmental courses.

Hoyt and Sorensen (2001) states, “There is a widespread need for remedial
education at colleges and universities across the country, increasing casiemndssand

the public for education that students should have successfully completed in high school”

10



(p- 26). The 20022010 student expenditure for a remedial course at Montgomery
College was $297.00. State and local funds underwrite the cost for those students who
are enrolled in remedial courses. Reducing or eliminating the need for aémedi
mathematics courses will save students’ money, taxpayer funding, and couldagigtenti
increase the graduation rate. To achieve progress, students must graduhtghfrom
school with increased mathematical skills and knowledge to ensure successfibacore

the ACT, SAT, and Accuplacer exams.

The Purpose of the Study

The purpose of this study is to determine if the level of high school mathematics
course attainment and final grades in mathematics courses are pregfiglacement in
developmental math courses. Race/ethnicity and socioeconomic status will berednside
as variables. Montgomery College student cohort data will be analyzed and @dmpar
with high school course enroliment, final grade, demographic data, and feeder high
school articulation information from Montgomery County Public Schools to determine
what impact these factors have on the enrollment of students in developmental course
work. If Montgomery County Public Schools and other school districts across the nation
can reduce the number of students who require remediation, postsecondary graduation
rates will increase and the cost of a college education will be reducediifadual

students and for the community colleges and universities that offer remedsdscour

Research Questions

Annually, Montgomery County Public Schools sends between one-quarter and
one-third of graduating seniors to Montgomery College. More than half of theeesroll

need remedial mathematics instruction. Utilizing data from the 2009 MCBGagjreg
11



class, this study will analyze high school course-taking patterns, studerd,grade

course enroliment demographics to answer the following questions:

1. To what extent does the enrollment in high school Geometry, Algebra Il,
Precalculus, or Calculus predict a student’s enrollment in a developmental
mathematics course?

2. Is the final course grade in Geometry, Algebra Il, Precalculus,loulda a factor
in determining enrollment in a developmental mathematics course?

3. Do demographic factors such as student race/ethnicity, Free and Redeeéd-pri
Meals System identification, English Speakers of Other Languaajes,sand
special education services predict student enrollment in developmental
mathematics courses?

4. Are students’ who graduated from some high schools more likely than students’
who graduated from other high schools to be required to enroll in a developmental
mathematics course? What are the patterns when data are disaggregated by
race/ethnicity, Free and Reduced-priced Meals System, Engliske®ped Other

Languages status, and special education services?

Definition of Terms

Carnegie Unit: A time-based reference to secondary or postsecondary course work. In
secondary schools, specifically in mathematics courses, one Carnegeptasents a
year of work in a given course usually representing approximately 120 hours of

instruction.
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Capstone Course: A culminating course, at the end of a sequence of courses, that
allows a student to apply and demonstrate the accumulated knowledge acquirgil throu
the course pathway. Capstone courses are generally offered during theeanodr

secondary or postsecondary study.

Developmental course: See remedial course (postsecondary).

English Speakers of Other Languages (ESOL)A designation for students whose
primary language is not English and who require services to help them attashEngli

reading, writing, and listening skills.

Entrance exams: Externally administered and scored standardized assessments used by
college admissions officers as a factor in college acceptance. Some aallege

universities use entrance exams to place students in remedial courses.

Free and Reduced-priced Meals System (FARMS)Breakfast and lunch program
offered at schools by the federal government to income-eligible famQeslified
students receive free or reduced-price meals. Students identified witleaRARMS
designation are not documented as FARMS students for data-gathering purposes;
however, these students qualified and received free or reduced-price meals posam
during their enroliment in the Montgomery County Public Schools. In this study,

FARMS is a proxy for low-socioeconomic status.
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Placement tests:Assessments used by colleges and universities to determine college
readiness and course placement. Placement tests are standardized, sucbliegéhe
Board’s Accuplacer assessment, or they are developed locally by a collageensity.
Montgomery College administers the Accuplacer to students who have not talsilthe

or the ACT.

Postsecondary remedial courseCourses provided in reading, writing, mathematics, or
other subjects for college students who lack those skills necessary to pevftage-

level work at the level required by the attended institution; thus, what cosstitut
remedial courses varies from institution to institution (National Ceateéeducational
Statistics, 2003, pp. iii-v). In this study, the terms remedial course and deealabm

course are used interchangeably.

Special Education Services:In order to meet specific learning needs, modifications are
made to the curriculum, assessments, and instruction for identified students. Students
who receive special education services are specifically identified sghlo®| district
through an established process and are provided with an Individualized Education
Program. The Individualized Education Program documents the manner in which a

student’s instructional program will be modified.

Successful completion:For the purpose of this study, successful completion is defined
as earning credit in a course with a grade of a C or higher. In most schoctsiat

student can earn a grade of “D” and attain credit for the course; however, afgtade
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higher indicates that a student has ascertained enough content knowledge todséusucce

in subsequent courses.

Remedial education:Instruction for a student lacking the reading, writing, mathematics,
or other skills necessary to perform college-level work at the level redurehe

attended institution (Snyder, et al., 2011 p. 685).

Organization of the Study

This study consists of five chapters. The first chapter provides an introdwction t
the problem and the rationale for the study. Chapter 2 consists of a literatave treat
analyzes related studies and explores research associated with the,reedi the
implementation of postsecondary remedial mathematics instruction. Chapten8soutl
the research design methodology employed for this study, including datioalleand
the analysis procedures. Chapter 4 offers an analysis of the data andyisfisiidgs,
and chapter 5 reveals conclusions and implications and offers recommendations for

further inquiry.

Significance of the Study

The high number of students exiting secondary education and enrolling in
postsecondary remedial mathematics courses is a national issue. Thelihatd iouthis
chapter shows that the-K2 educational system is not adequately preparing students for
college entrance exams and postsecondary level math instruction. This stesigmned
to contribute to the literature by identifying key factors that lead to studsniséss on
mathematics entrance exams and placement tests, resulting in alineach® college-

level mathematics course work without the need for remediation. The kessfatlude
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level of mathematicsourse attainment and grades in the courses. Students, no matter
their race/ethnicity or socioeconomic background, who attain the specified lexlret
completion with a certain grade, are successful in entering postsecoinudiyrywghout

the need for developmental course work in mathematics. This study also arlaéyze
developmental course enroliment patterns at Montgomery College from the’'di&8ic
high schools to determine if any patterns exist related to race/ethamcityr special

services.

Limitations

The state of Maryland has played an important role, nationally in the study of
postsecondary articulation data through reports such as the Student Outcome and
Achievement Report (SOAR), produced by the Maryland Higher Education Commmissi
The SOAR data primarily centers on a statewide review of secondary dasdqoosiary
data. This study focuses on a student cohort from one public school district and their
articulation to the local community college. Enrollment data for students whbibeenat
Montgomery College in the fall of 2009, are available for use in the study. The
accessibility of a large number of student records, as well as thebditgitef an existing
data set provided by Montgomery County Public Schools, will enhance and strengthen
the reliability and validity of this study.

The researcher is an employee of Montgomery County Public Schools. There is
the potential for bias in the research, findings, and recommendations. To guastl agai
the potential for bias, and to ensure the accuracy of the data, the Montgomerg Colleg
Office of Institutional Research and Analysis will furnish the developrheatase

enrollment data and the Montgomery County Public Schools Office of Shared
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Accountability will review the data and provide official data for high schodhematics
course enroliment as well as socioeconomic and race/ethnicity informdly utilizing
this approach, the probability for errors in the data is reduced and there wittneva

of the findings by Montgomery County Public Schools accountability office staff. The
generalizability to other settings will safeguard against predispiosiin the findings and

recommendations.
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CHAPTER 2

LITERATURE REVIEW

Remedial course work in college-level mathematics has been a natsueafas
decades. Despite a significant body of research on remedial course worktsaibst
numbers of students continue to enroll in these support courses as a condition of college
admission. A large portion of the remedial course work research has focused on the
students, courses, and faculty of community colleges. There has been lesh msearc
students’ secondary school pathways to remedial course work. It is imporertityi
root causes regarding the need for remediation in order reduce the number o$ student
enrolling in developmental courses.

This chapter provides a review of research on remedial and developmental course
enrollment, high school requirements and course-taking patterns, student identifica
processes for enrollment in remedial and developmental courses, postsgceteadion
of students enrolled in remedial and developmental courses, and the cost of

postsecondary remediation for colleges, universities, as well as students.

Defining Remedial and Developmental Course Work

Provasnik and Planty (2008) states, “Remedial courses, usually in matdsmati
English, or writing, provide instruction to shore up the basic fundamentals within the
subject and to develop studying and social habits related to academic syzcesy” (
Roueche and Roueche (1999) defines remedial or developmental courses as specialized

courses in reading, writing, and mathematics for students who lack certaial ckills

18



necessary for postsecondary study. Deli-Amen and Rosenbaum (2002) describes the
interchangeable use of the terms remedial and developmental:

The term remedial is rarely used in conversations between staff and students.

Instead, the term developmental is usually used. This term accuratetysréfle

colleges’ modes of instruction, yet students do not understand what the word

really means. In this institutional context, the term developmental isynzerel

euphemism for remedial (p. 255).

Kozeracki (2002) states, “While ‘remedial education’ and ‘developmental
education’ are often used interchangeably by the general public, and even by many
scholars, those in the field draw distinctions between these terms and strofeglyhare
use of ‘developmental education™ (p. 83). The term “remedial” has a negative
connotation and may unintentionally reinforce, in a student’s mind, his or her inability to
understand and master content taught in previous classes. Conversely, the term
“developmental” suggests progress in learning or expansion of knowledge, thus
reinforcing growth rather than deficits. Although there is merit and a réitorause of

the term “developmental,” like much of the research and literature in thisfestaly,

both terms are used interchangeably in this paper.

Under-preparation for Postsecondary Study

The National Center for Educational Statistics in Community Colleges, a
supplement to The Conditions of Education 2008, includes a2003 survey of first-
year college and university students. Table 3 displays the self-reporteaérsollege

and university students’ enrollment in remedial courses in the-2003 academic year.
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Table 3. Enrollment in Remedial Courses 200%4

Institution(s) Percent Enrolled
Community Colleges All Remedial Courses 29
Four-Year Institutions All Remedial Courses 19
Community Colleges Mathematics Courses 22
Four-Year Institutions Mathematics Courses 15

Data Source: Community Colleg&pecial Supplement to The Conditions of Educat@fi82

Approximately 29 percent of community college students reported taking mmedi
courses. The remedial course report rate for four-year institutionemgollas 19
percent. Survey participants reported that the highest remedial coursmentotite
from among mathematics, reading, and English was in mathematics. Fifteent joé

all surveyed students, both community college enrollees and four-year institution
enrollees, reported taking remedial course work in mathematics. Twempeteent of
Community College enrollees indicated that they had enrolled in at leasthoediae
mathematics course. The authors of the report cautioned that the report ratelavay b
due to the narrowness of the survey’s first-year student audience and thpaifige

structure of the survey (p. 11).

Curriculum and Courses

The 2011 Student Outcome and Achievement Report by the Maryland Higher
Education Commission analyzes students who graduated from a Maryland high school
during the 20072008 school year and then enrolled in a Maryland college or university
in the 20082009 academic year. The Maryland Higher Education Commission defines a
college-preparatory curriculum or “core” curriculum as 4 or more credEnglish, 3 or
more credits of mathematics, 3 or more credits of social sciences oy higtmior more

years of natural sciences, and two or more years of foreign languagdentS who do
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not fulfill these minimum numbers of credits in thefined areas are consideto have
completed a non-collegareparatory curriculum or “nooere” curriculum (Marylanc
Higher Education Commission, 2006, p-4). The specific courses within each con
area were not defined in the study, only the nunoberedits that deemed a studel
completer of the “cee” or “nor-core” curricula. Figure 1 displays the percage of
studens who required posecondary remediation in mathemates reported by th

MarylandStudent Outcome arAchievement Report for the 2088009 academic yei

100
20
80

& Community College

i.f Four-year Institution

Completed Completed
Non-Core Core
Curriculum Curriculum

Figure 1. Percentage ofuslent:in Maryland Requiring Remediation Mathematics During th
2008-2009Academic Yee

Not only do these data show that students who cet@pthe no-core curriculum ar
required to enroll in remedial courses at a mughéi rate than their pes who complete
the core curriculum, they also substantiate theagdel entrance requirements for 1-
year institutions and that a majority of the studemho are college ready up

completion of high school attend f-year institutions.
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The authors of Student Outcome and Achievement Report assert that there was a
23 percent increase in the community college mathematics remediatioforatiggh
school core curriculum students and a 20 percent increase in remedial mathematics
course work enrollment for non-core students between the-1998 and 20082009
cohorts (p. 13). Consequently, the report asserts that the remediation rategisbr En
and reading during the same period have been stable indicating a greater tieed f
identification of a solution to Pre-kindergarten through Grade 12 student preparation in
mathematics. The continued growth in the number of students who require remediation
in mathematics will result in future expansion of postsecondary developmental
mathematics courses.

The Ohio Board of Regents (2005) reports, “forty-one percent of Ohio’s recent
high school graduates enrolling at Ohio public colleges or universities in the 28008f
took at least one remedial course in English or math during their first yealtegfed
(p- 1). The mathematics remediation rate for students entering publicesadied
universities in Ohio was 33 percent (p. 17). This study also compared the socioeconomic
status of school systems in the state classifying the districts witificagt numbers of
low socioeconomic students as “low,” those districts with a middle range of Sudent
impacted by poverty as “medium,” and districts with the smallest number of low
socioeconomic students as “high.” Among public colleges and universities, hessarc
found the lowest rates of remedial course enroliment in school distrittsheifewest
students impacted by poverty. The remedial course enrollment rate was&dt fpar

the “low” districts, 43 percent for the “medium” districts, and 34 percent forrtigh™
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districts (p. 17). Table 4 shows the Board of Regents classification of schadot dist
remedial course enrollment rates by socioeconomic status in the fall of 2003.

Table 4. Ohio Remedial Course Enroliment by Socioeconomic Status, Fall 2003

Institution(s) Percent
Low-income Public School Districts 53
Medium-income Public School Districts 43
High-income Public School Districts 34

Data SourceMaking the Transition from High School to CollegeOhio 2005: A Statewide Perspective

Based on these findings, students attending schools in districts impacted by povert
more likely to require postsecondary remediation than students who are in schimts$ dist
with a majority of students in families in the middle and upper strati of fanatyme.
In addition, the Ohio Board of Regents study examined the connection of high
school course enrollment and college outcomes.
Every outcome measure is better for students who take more rigorous courses in
high school. Students attending Ohio colleges who have taken the complete core
have average ACT scores of 24, first-term GPAs of 3.0, first-to-second year
retention rates of 91 percent and remediation rates of 15 percent. Students taking
the minimum core have average ACT scores of 22, first-term GPAs of 2.8, first
to-second year retention rates of 86 percent, and remediation rates of 35 percent.
Students taking less than the minimum core have even worse results, with average

ACT scores of 20, first-term GPAs of 2.5, first-to-second year retenties oat
77 percent and remediation rates of 53 percent (p. 20).

The researchers define the complete core as student enroliment in a minithuee of
years of science, including biology, physics, and chemistry, and four yearslishEng
mathematics, and social studies. The minimum core is defined as threefyears
mathematics, science, and social studies and four years of English (p. 14es€high
indicates that course-taking patterns and grades in those courses may hibatiogntr
factor in determining if a student requires remedial course work when entering

postsecondary study.
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The Ohio report defines the college-preparatory curriculum as dispecnber
of years taking courses in English, mathematics, science, and sociatstaui offers
data to support that completion of a specific number of course aseditze likely to
ensure that students are completely college ready and do not require remedéth
the exception of science, the report does not provide information on which courses and/or
content within a multi-year pathway must be taken to achieve college readiness
addition, the report lacks specificity regarding capstone-level coursexdople
Algebra Il or Precalculus, which must be completed in a multi-year pattorsaxoid

enrollment in postsecondary remedial courses.

Grades and Placement Tests

Fong, Huang, and Goel (2008) examined the link between Nevada public high
school students’ mathematics course completion and the connection to the need for
remedial mathematics enroliment in Nevada’s public colleges and unig®rditi their
study of 4,653 graduates from the class of 2006, they found that 37.6 percent enrolled in
a developmental math course in their first year of college. In addition, studemts
retained higher grade point averages in their math courses and completed adwahced m
courses had lower rates of remediation. Interestingly, the authors point obiethat t
research found that students who completed an “Advanced I” math course with a 4.0
grade point average as a senior in high school were less likely to require remneteat
a student who completed an “Advanced II” math course as a senior with a 2.0 grade point
average (p. iv). This finding suggests that course grades and mastery of icoloteat-
level courses may be a more important factor in student success than comptetireg a

advanced course without complete mastery of the content. Fong, Huang, and Goel
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(2008) notes that there are limitations to their research including the non-randoig sort
of students and the natural motivation of students who take advanced courses.

The findings in the Fong, Huang, and Goel study are consistent with thosel offer
by other researchers. Hoyt (1999) as well as Hoyt and Sorensen (2001) found that
students who completed advanced-level math courses while in high school achieved
higher college math placement assessment scores resulting in lmsesfreemedial
course placement in studies of students attending Utah Valley State Cdllegye
recommend that public schools should review prerequisite requirements for math course
pathways, raise grading standards among teachers to ensure consistea@cadéemic
meaning of a grade, and foster an increased focus on teaching and learnsgedleat
teachers have the content and pedagogical knowledge they need to successfeitly deli
curricula. As with other research in the area of course taking-patterses rédsearchers
suggest that faculty review grading and the multi-year course-takingnsattestudents;
however, they do not provide recommendations on the specific courses students must
complete, or grades they must attain, to be college ready.

The Maryland Higher Education Commission (2009) reports that, of all the
variables reviewed in the study, high school grade point average is the mb#t relia
predictor of first-year college success. “With only one exception, high scremtd goint
average has been the best prediotall three measures of college performance (first
college math grade, first college English grade, and college grade y&iaga) in each
of the 10 years” (p. 10). The authors further report that “in 9 out of 10 years, the average
high school math grade variable has been a good predictor of students’ peréoimanc

their first college math course” (p. 10). The data show that students’ attecting
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districts with significant numbers of students’ in poverty and with largerty
populations have lower grade point averages $hagents’ enrolled in school districts
with greater overall wealth and sizeable white and Asian American popslatDuring
the 10-year period from 199%998 to 20062007, expectedly, Maryland public school
non-core students received lower grade point averages than core students.

Boylan and Saxon (2001) surveyed community colleges and universities in Texas
for an evaluation of developmental education commissioned by the Texas Higher
Education Coordinating Board. Although this study focuses on an evaluation of a
standardized college placement test employed by Texas postsecondayanstithere
are data and findings applicable to the research for this paper. At the timesofig,
there were 75 community colleges in the state of Texas and 44 responded to the survey.
Of the 44 responding institutions, 33 provided developmental course placement data
(p- 2). Based on the responses, the researchers found a 61.8 percent development course
placement rate in mathematics. The placement rate was signifibagitgr than the
placement rates of 37.7 percent for reading, and 40.4 percent for English/\{{xit8)g
The authors conclude that “a large number of Texas high school graduates are eithe
relatively unprepared or absolutely unprepared for college-level work” (p.Ba&ed on
their findings, Boylan and Saxon imply that there is a disconnect betweentstadese
grades in high school and low achievement on college entrance exams, suggesting the
probability of grade inflation. Grades are a subjective form of measuring student
achievement, thus inconsistency in grading practices could potentially lead to a
misrepresentation of a student’s content knowledge in a given subject areaveHafnee

school district provides all teachers with standardized end of unit assesshkemisyta
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all students in a given course, as well as guidance on the grading of tlesenasdesthe
probability of grade inflation will be reduced. In the case of the Texas studystenns

unit and course assessments were not in place at the high school level. Student grades,
and the impact of grades on the potential need for postsecondary remediation, are

discussed in Chapters 4 and 5.

High School Requirements and
Course-taking Patterns

The National Center for Educational Statistics reports that the aveuageer of
Carnegie units that high school students earned in mathematics increased from 1.9 to 3.1
between 1982 and 2004. During the same period, the percentage of high school
graduates who completed one year of Geometry rose from 47 to 76 percaaditibm,
the percentage of graduates who finished one semester or more of Algetpmalied
from 40 to 67 percent, and there was a 22 percent increase in graduates earning a
semester or more of credit in Precalculus rising from 6 to 28 percent, reslye(ii.S.

Department of Education NCES, 2007, pp. 7-9).

Maryland and National Perspective

In the state of Maryland, high school students are required to take Algebra | and
Geometry to graduate from high school. A total of 3 math credits are requirchta e
Maryland High School Diploma by the Maryland State Department of Education
(Maryland State Department of Education, 2010). Montgomery County Public Schools
has implemented a more rigorous standard and requires 4 math credits to ghrn a hi
school diploma based on their authority as a governing body (Montgomery County Public

Schools Regulation, ISB-RA, p. 3). Due to the flexibility of students’ course emraiim
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options to complete the additional mathematics credits, some students enroébnaAlg
and higher mathematics courses and other students take courses such ti@uanti
Literacy. For this reason, not all students take Algebra Il, a course thatggehem for
college entrance exams such as the ACT and SAT, college placement tasis)gritie
Accuplacer, as well as the rigor of college-level course work. Reseaidargtand

high school students, national studies, as well as the examination of sub-sets of high
school students reveals that students who do not take Algebra Il are more likely to be
required to enroll in developmental courses (Maryland Higher Education Commission,
2009; Duranczyk and Higbee, 2006; Adelman, 1999; Hoyt, 1999).

Mathematics graduation requirements and course pathways vary frooh techo
school and district to district, not only in Maryland, but also in other states. Ggnerall
course requirements in mathematics vary from 3 to 4 credits to earn atgnadua
diploma. In some districts, Algebra | is the on-grade-level mathematicsecfourgrade
9, while in recent years, many school districts have made Algebra |ij@ade-level
course for grade 8 (Cogan, Schmidt, Wiley, 2001, p. 324). Roth et al. (2001), in a
research project implemented with Florida students states, “The explanagbn m
commonly given by community college officials for the high failure ratéhen
Computerized Placement Test (CPT) is that students’ course-taking dindogis
school did not equip them with the skills needed to do college-level work” (p. 73).

Achieve, Inc., an organization formed in 1996 by the National Governors’
Association and national business leaders in collaboration with 15 states,dted are
Algebra Il end-of-course assessment. The assessment is desigresstwara student’s

mastery of mathematics through Algebra Il content (National Mathesnaticisory
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Panel, 2008, p. 3-26). Achieve, Inc. has branded Algebra Il as the “gatewayg tturs
postsecondary study and identified three major purposes for the development of the
assessment: to improve high school Algebra Il curriculum and instructiondimgl
consistency of content and rigor within and across the states; to servendsaiof of
readiness for first-year college credit-bearing courses;@aprbtZide a common measure

of student performance within and across the states over time (Achieve, 2010). The 15
participating states are in the process of piloting this assessmenpodsible that some
states will adopt this assessment as a graduation requirement as aonmeaesse the
number of mathematics courses required to graduate and to ensure the nathemat
literacy of their students with the goal of reducing the number of students wherequi

postsecondary developmental courses in mathematics.

Tracking

How students are placed or enroll in courses can take different forms, depending
on the school district or local school policies. Spade, Columba, and Vanfossen (1997)
defines tracking as “the placement of students in courses of similar lexeds a
disciplines” (p. 109). Cogan, Schmidt, and Wiley (2001) states, “In the United States,
‘tracking’ typically refers to within-school curriculum differentat that varies the
curriculum from course to course” (p. 324). School districts and individual schools
determine which courses are offered at each grade level. For examplde d fjistudent
may have the opportunity to enroll in either Algebra Il, Business Math, Consuntier Ma
or a statistics course. The choice of math, and the guidance and advice provided by
teachers, counselors, and parents are important. Algebra Il is part of leenmatads

course pathway that leads to enrollment in Precalculus and Calculus courseknéearol
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in Business Math or Consumer Math is not part of the course trajectory to dellege
math. “Depending on the school and the size of the student enrollment, schools may
decide to offer two, three, or more types of mathematics courses to as margntliff
groups of students” (Cogan, Schmidt, and Wiley, 2001, p. 324). This array of course
offerings, with some courses on a college-preparatory pathway and other courses
available to ensure that students’ only meet high school graduation requiremeets, lea
future college-going students vulnerable to the need for postsecondary remedil cour
work.

Spade, Columba, and Vanfossen (1997) found “that schools can influence the
achievement of students, even when the social-class origins of the studentsvihey se
may not be conductive to achievement, by restructuring the patterningssf<chasd
facilitating the placement of students in more challenging courses” (p. 12 .authors
also found that advanced-level and honors courses on the college-preparatoay pathw
often “cover more material, in more depth, and with more assigned homework and
laboratory work” than on-level or non-college-preparatory courses (p. 114).,Spade
Columba, and Vanfossen (1997) concludes that “course-taking is the most powerful
factor affecting student’s achievement that is under the school’s coqtrd2%).

Although the research concludes that course taking patterns play a signifieant rol
student outcomes, specific course attainment recommendations or conclusions in

mathematics were not identified.

Advanced-course Completion

Roth, Crans, et al. (1997) studied 19,736 Florida high school transcripts to

determine the effect of high school grades and course taking on passing college
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placement exams. The researchers contend that community collegepstafhigh

school course taking as the most important factor in performance on a stadlardiz
computerized placement test (CPT) that was administered throughout ¢heTstat

authors found that, although “49 percent of the students who enrolled in Florida
community college in the fall of 1994 had taken Algebra 2 in high school, those who did
far exceeded the average Math CPT pass rate of 50 percent achievedtioyt all test
takers” (p. 80). In addition, the researchers found that students who completed $ke cour
with a grade of a “D,” passed the entrance exam at a rate of 75 percent. Bds®d ont
research findings, Roth, Crans, et al. concluded that exposure to the more ai@llengi
content of Algebra Il was more important than the grades students’ reaeithed i

course.

Adelman (1999) completed a longitudinal study initiated with a group™®f 10
graders in 1980, following their education progress through 1993. As a result of his
research, the author asserts that socioeconomic status does have an impaetaurskfe
events”; however, a high-quality and rigorous education provides students with the
opportunity to overcome the negative effects of poverty (p. 83). Adelman compares the
influence of curriculum, test scores and class rank/GPA on bachelor’s degigetemm
rates and found that, among his research cohort, those students who took the college-
preparatory pathway, including Algebra Il or beyond, had higher bachelor’'s degree
completion rates than students who were in the highest 40 percent of the standastized te
scorers or class rank/GPA in the cohort (p. 85). Adelman repeated his ressdych st
reporting his findings in The Toolbox Revisited (2006). With a different cohort of

students, Adelman replicated his 1999 study. His data and findings aligned with the 1999
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report and reaffirmed the initial conclusion that a rigorous high school currigsiltima
most predictive element of bachelor’'s degree attainment. Adelman thatrourse
enrollment and exposure to a rigorous curriculum are more predictive of twagshel
degree attainment than test scores or class rank/GPA and found that this \wasosse
all racial and ethnic groups.

Adelman’s conclusion regarding bachelor’'s degree attainment is consigtent w
the research on course-level completion and the need, or lack of need, for postsecondary
remedial course work. His findings indicate that the level of rigorous cour&e wor
completed in high school matters, but also states that GPA and class rank are less
predictive of postsecondary success. Adelman’s research specifically tooftgebra
Il as a key level of mathematics completion for students to finish a bachelgréede
This claim aligns with other research highlighted in this paper related terpast
specific levels of content and course work; however, Adelman goes beyond other
research and specifically names Algebra Il as a course students shrapldte in order
to be successful at the postsecondary level. In addition, Adelman’s findings go beyond
the other research related to postsecondary success by stating tiegtmasty/ and
socioeconomic status were not factors for students successfully comptetanged-
level course work in high school.

Sawyer (2008) studied actions that school districts could take to improve the
college readiness of high school students. Sawyer found that enrollment in advanced
courses and producing higher grades would “modestly” increase student jpoedarat

postsecondary credit-bearing course work (p. 57). The author notes that gradhmey, tea
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expectations, and curricula can differ from district to district, diffea¢ingy the levels of

impact advanced courses have on a student’s preparation.

Defining the Trajectory

Most school districts have not clearly defined which course students need to
complete to be successful in college. Rosenbaum 2001 states, “High schoolsgoféer va
promises of open opportunity for college without specifying the requirementsgi@ede
completion” (p. 56). He further states,

Failure in community college may stem not from any overt barrier in those

institutions but from seeds planted much earlie—when youths are still in high

school. Because students do not usually realize that their expectations were

mistaken until long after they have left high school, high schools are rarely
blamed for their graduates’ failures in community college (p. 56).

High school staff have a responsibility to specify the trajectory togmBeccess and

clearly articulate the pathway to students and parents. This trajectargescl

completing particular levels of courses and attaining certain gradeseintorensure a

reliable level of preparedness for postsecondary study. The paradigtiegédor-all
dissuades high schools from identifying clear course pathways for theintstudgo as

not to discourage students, the college-for-all norm avoids focusing on requirements, but
in the process it fails to tell students what steps they should take to be sugnessful
college, and it does not warn them when their low achievements make their college plans
unlikely to be attained” ( Rosenbaum 2001, p. 57). In order to reduce the number of
students entering developmental courses and increase graduation atesurnbent

upon school districts to identify the highest level of mathematics coursesegqnd

the minimum grade in those courses, to ensure entry into college-level matkemat

without remediation.
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Postsecondary Enrollment Requirements
and Remedial Course Criteria

Community colleges have been given major responsibility in the developmental
education of students who have not mastered key content that would allow them to enroll
in credit bearing mathematics courses upon entry into postsecondary study.im@yer t
open admissions policies, increased enrollment by minority and non-traditionadtstude
at community colleges, and increased entrance standards by four-yeationstithave
reduced the number of four-year institutions offering remedial course Roykasnik &
Planty, 2008, p. 11). The authors of Condition of Education (2004) contend that
remedial course enrollment at two-year public postsecondary institutisigghicantly
higher than at four-year institutions. “Postsecondary transcripts of 189gra@ers who
enrolled in postsecondary education between 1992 and 2000 show that 61 percent of
students who first attended a public 2-year and 25 percent who first attend a 4-year
institution complete at least one remedial course at the postsecondarype6d).

Ignash (1997) states, “Because community colleges are more accessidehdssin
terms of cost, location, and admissions policies, they will always provide more
remediation than four-year institutions” (p. 15). Community colleges also have an
extensive breadth of offerings, which make them attractive to many studgmash |
asserts that community colleges have more support staff and faculty capaalehaig
reading, which places them in a more favorable position than four-year instittations
support students requiring remediation.

The Maryland Higher Education Commission (2009) states, “Policies regarding
the identification and placement of remedial students at Maryland communégel|

was standardized in fall 1998 (p. I-4). Since that time, community collegesused
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uniform assessments and cut-scores to place students in developmental courses. For
example, all community colleges in Maryland use an SAT math cut score of 550 as the
minimum score to avoid enrollment in developmental math. The cut score for ACT is 24
and the Accuplacer mathematics cut score is 75. This uniform approach not only
provides consistent student enrollment criteria across the state, ihslse®a

standardized method for tracking and monitoring enrollment in developmental caurses
each community college. Unlike the placement policies of two-year colleges

Maryland, practices regarding placement in remedial courses at publipefaur-

institutions vary significantly, and there is no uniform assessment used in thagtdce

of students into developmental courses.

The University System of Maryland, which includes all state-funded and
governed colleges and universities, has raised the bar for the state-widé stude
admissions process. The mathematics admission requirements have beeedtogdi
beyond the previous standard of Algebra | and Geometry to include Algebra Il. The
requirement also asserts that students who successfully complete Aldedicae their
senior year in high school must enroll in, and complete, additional mathematicscourse
that include “non-trivial” algebra. The “non-trivial” algebra courses include
Trigonometry, Precalculus, Calculus and courses that include content beyond Calculus
Maryland high school graduation requirements currently obligate students to moBiple
credits of mathematics, including algebra and Geometry. Although studentsakeust
additional credit in mathematics, there is no specifically required coregant
Geometry. The goal of the University System of Maryland is to ensure udanhss

continue to build their mathematics knowledge and skills to prepare for categle-|
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mathematics throughout their high school career and do not enroll in courses that are non-
college-preparatory if they plan to attend a state four-year public caliagaversity.
This requirement will first impact students who graduate from high school in 2015

(University of Maryland Board of Regents, 2009).

Postsecondary Retention

The Condition of Education (2004) reports that students enrolled in remedial
courses are less inclined to earn a degree or certificate.

Despite assistance offered through remediation, students enrolled in reanediat

are less likely to earn a degree or certificate. Regardless of the cborbofa

remedial coursework, students who completed any remedial courses were less
likely to earn a degree or certificate than students who had no remediation (p. 63).

The amount of time spent in remedial courses and the non-credit-bearingerisies
of those courses may serve as contributing factors to the lack of degree att@nmuoeg
remedial course enrollees. “Among institutions that offered remedial spéZ@ercent
of public 2-year institutions reported that their students averaged a yaar®of
remedial course taking, compared with 38 percent of public 4-year institutldr&” (
Department of Education NCES, 2004, p. 84). The Condition of Education 2004
maintains that postsecondary institutions reported an increase in the percentage of
students participating in a year or more of remediation between 1995 and 2000 from 33
to 40 percent, respectively. In addition, approximately 76 percent of remediségsour
were non-credit-bearing among institutions that offered remedial courdesfadltof
2000. Specifically, 77 percent of remedial courses in mathematics did not provide

college credit to participating students (p. 84).
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Adelman (1999) asserts that participation in remedial course work has an impact
on bachelor’s degree attainment among students who attended four-year institd@ons
found that, of the students who participated in remedial reading, 39.3 percent earned a
bachelor’s degree. Forty-seven percent of those students who took no remedial reading
but enrolled in two other remedial courses earned a bachelor’'s degree, and&h® per
of students who took no remedial course work earned a four-year degree (p. 74). The
author concludes that students who enter college with a low degree of academic
preparation do not earn postsecondary degrees.

Hoyt (1999) studied the relationship between remediation rates and community
college retention. Hoyt concluded that two-thirds of students who required
developmental course work in multiple areas dropped out and remedial course
participants had lower grade point averages than their non-remedial course agrs. H
extrapolates from his findings that “a lack of preparation for college suladtareduces
a student’s chances of college success by decreasing his or hgtalpdtform
academically” (p. 61).

Through staff and student interviews, Deil-Amen and Rosenbaum (2002) studied
remedial education at two community colleges. They found that “Students ofi@n go
several months, a full semester, or even a full year without knowing that tiheis
courses are not counting toward a degree or their transfer goals” (p. 260). Thg author
point out that students’ lack of a clear understanding vis-a-vis the purpose ofalemedi
courses, and the “delayed recognition” in earning credits toward a degegebém
contributing to students dropping out of college altogether and hence accumulating no

credentials rather than a lesser degree” (p. 264).
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The Cost of Remediation

The cost of college remediation must also be considered as a motivating factor in
the goal of significantly reducing student remediation not only in math, but ireal.ar
At Montgomery College, a two-year community college, students who require
developmental course work enroll in a non-credit-bearing course with an assesséd f
$297.00. The University of Maryland College Park, a four-year state institution,
assesses a “special fee” of $280.00 for students who require developmentalaokrse
The fee pays for a support class that is taken concurrently with the freséwean-|
mathematics course. Breneman and Haarlow (1998) states,

The additional financial data we have gathered do not alter the eatheatest

that remedial education costs the nation’s public colleges and universities about

$1 billion annually—roughly one percent of the institution’s current fund

revenues of $115 billion. It is important to note that this figure includes not only

the costs associated with remediation for traditional age freshmen, bubstiso ¢
associated with remedial education for returning adult students (p. 2).

Breneman and Haarlow note that this estimate does not include data from private
institutions. Merisotis and Phipps (2000) claims that the cost of remediation is
underreported, primarily due to “the perceived damage to the ‘reputation’ oegecoll
university.” They estimate remediation costs at closer to $2 billion (p. 77). The
economic impact of college remediation goes beyond the cost of the tuition. Adlelay
college graduation due to the need for remediation, or dropping out due to the inability to
accumulate college credits results in lost wages, reduced income ttioall and the

potential for lower lifetime annual income (Breneman & Haarlow, 1998, p. 2).

Conclusion
Despite decades of significant postsecondary student enrollment in remedial

courses, and research that has attempted to find solutions to this educational conundrum,
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the United States educational system has not found an approach to appreciably improve
the college readiness of high school students. In fact, this researcher woe!dhaat,
based on the data assembled in this literature review, the number of studentsgequiri
postsecondary remediation in mathematics is gradually rising. If thedJgiates is to
maintain an educational edge and financial security in an increasingly gtamemmy,
we must unlock the key to ensuring that all students have the educational foundation to
enter postsecondary institutions with the knowledge and skills needed to enrdl direct
into credit-bearing courses.
The research studies analyzed for this paper confirm that mathematsctiak
course enroliment for two- and four-year institutions range from 19 to 69 percent
(Maryland Higher Education Commission, 2011, p. 13). A number of the studies indicate
that the percentage of students who enroll in remedial courses is increasimg. Thi
increase may be caused in part by an expansion in the number of students attending
college. Many researchers point to the lack of student preparation as a keinfactor
students’ college preparation. Students who attain certain academianstibisr i
elementary and secondary school years are not required to enroll in recnedsals.
Those students who are forced to enroll in developmental course work earn fewsr credi
in their freshman year, tend to have lower college GPAs, and are lessdigehdtate
with a four-year degree. This trend appears to be exacerbated for thoséssidetake
more remedial courses. Moreover, the opportunity cost as well as the fiseatldure
for students who require remediation also leads to lower postsecondary igracatat.
Educating high school students and their parents on the importance of attaining a

certain level of mathematics with satisfactory grades is a kegltwirey the number of
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students enrolling in postsecondary remedial courses. It is essentiagthathools and
colleges work together to identify key milestones that students must readeinar
decrease their chances of requiring remedial course work. Deil-Amen agbRom
2002 states, “Colleges must manage information if feeder institutions allow stiolent
have unrealistic college plans and do not provide key information about the demands of
college.” The authors further assert that “these practices may providenthi&ons for
students’ misperceptions about their position within the structure of higher iedumad
their prospect for success” (p. 250). The responsibility for ensuring that student
understand how their high school academic plan will impact their ability toesiate
college should not fall solely to postsecondary institutions. If we as a sogdty a
improve postsecondary graduation rates, Prekindergarten through Grade 1iomstitut
must take a substantial role in providing the educational guidance and academitssuppor
to make certain students participate in the secondary math courses essdirgat
enrollment into postsecondary credit-bearing courses. “In four-year colleges, t
graduation rate for students who took remedial course work was about two thirds of the
graduation rate of students who took no remediation. As was the case for two-year
college students, these lower graduation rates faced by students in focoliegges
predominately reflected skill problems students brought from high school, rather than a
negative consequence of taking remedial courses” (Attewell, et. al, 2006, p. 916).

“It is evident that a piece-meal approach to addressing the problem of adoredi
in higher education has not worked. Intermittent schemes to ‘correct’ rdraddéation
are stop-gap solutions at best. Only a systemic design at the stat@tepaked of a set

of interrelated strategies will succeed” (Merisotis and Phipps, 2000, p. 80). The
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University Maryland System has taken a first step to creating aletaiesystematic
approach to raise the bar for mathematics education at the Prekindetgyanigh Grade
12 levels. As a result, public and private Prekindergarten through Grade 12iamstitut
will need to identify strategies to increase enrollment in higher levédl amatrses and, at
the same time, ensure that students are successfully completimgitbesc One state-
level strategy is to increase the number of mathematics courses requigealduation,
thus forcing students to take additional mathematics courses. However, if thee cours
pathway a student selects does not contain “rigorous” content, or the student does not
successfully master the content there by increasing the mathdrkatiededge needed
for college-level mathematics study, enrollment in remedial cowssepriobable result.
The research found and utilized in this literature review show that large raimbe
of students are not prepared to complete and pass credit-bearing college-tavel ma
courses upon completion of high school. Through additional study of mathematics
course attainment and course grades, this study will identify keygsésesigned to
assist school districts as they work to reduce the number of students who require

postsecondary remediation in mathematics.
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CHAPTER 3

RESEARCH METHODOLOGY

The purpose of this study is to examine what factors (level of high school
mathematics course attainment, final grades in mathematics courses, agtagéne
variables) are predictors of placement in developmental mathemauicses at
Montgomery College. Each year, between one-quarter and one-third of the seniors
graduating from Montgomery County Public Schools enroll at Montgomery @dlied)
more than half of the enrollees require remedial mathematics instructsamg data
from the fall 2009 Montgomery College freshman class, this study will analylze hig
school mathematics course-taking patterns, student grades, and cooltsgeanbr
demographic variables to answer the following questions:

1. To what extent does the enrollment in high school Geometry, Algebra Il,
Precalculus, or Calculus predict a student’s enrollment in a developmental
mathematics course?

2. Is the final course grade in Geometry, Algebra II, Precalculus,loulda a factor
in determining enrollment in a developmental mathematics course?

3. Do demographic factors such as student race/ethnicity, Free and Redeeéd-pri
Meals System identification, English Speakers of Other Languaajes,sand
special education services predict student enrollment in developmental

mathematics courses?
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4. Are students’ who graduated from some high schools more likely than students’
who graduated from other high schools to be required to enroll in a developmental
mathematics course? What are the patterns when data are disaggregated by
race/ethnicity, Free and Reduced-priced Meals System, English peakeher

Languages status, and special education services?

Data Source

This research study is a secondary analysis of data provided by Montgomery
College and Montgomery County Public Schools. Through a 2009 Memorandum of
Understanding between Montgomery College and Montgomery County Public Schools,
enrollment and performance data is shared between the two institutions. Montgomery
County Public Schools receives data on developmental mathematics courseegnrolim
and student performance in the developmental courses from Montgomery College.

Staff from the Montgomery County Public Schools Office of Shared
Accountability, the research unit for Montgomery County Public Schools, aggiebate
fall 2009 Montgomery College cohort data with the students’ high school course
enrollment, grade, race/ethnicity, Free and Reduced-priced Meals Sgstdifigation,
English Speakers of Other Languages status, special education servicesh aactidud
articulation information to provide a data set for this research project. Theotata
from Montgomery County Public Schools is student demographic data, student transcript
data, and course history electronic files. The data source from Montgom&rgedsl|
mathematics developmental course enrollment records on students who graduated from

Montgomery County Public Schools in the summer of 2009 and enrolled at Montgomery
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College in the fall of 2009. No student names are accessible to this reseailther. A
individual student data will be sorted and studied using unique student identification

numbers assigned to each student by Montgomery County Public Schools.

Study Population

The students in this study are 2009 Montgomery County Public Schools high
school graduates. Montgomery County Public Schools graduated 10,158 students in the
class of 2009. This study analyzes the 2,821 graduates from 25 high schools who
enrolled at Montgomery College in the 26@910 academic year. Of the 2,821
graduates enrolled at Montgomery College, 1,014 (35.9%) of students were not enrolled
in a developmental mathematics course and 1,807 students (64.1%) required
developmental mathematics (MC Data, 2009). All students who enter Montgomery
College without taking the SAT or achieving a score less than 550 on the matkematic
section of the SAT are required to take the Accuplacer, a computer-adapdee coll
placement test produced by the College Board. A student’s score on the Aatigplace
designed to ascertain college readiness and, at Montgomery Collegectidager is
administered to determine whether or not a student should be placed in a developmenta
mathematics course. Students who earn a score of 550 or higher on the mathematics
section of the SAT are not required to take the Accuplacer or a developmental
mathematics course.

This study will examine the 1,014 students enrolled in the-ZWID freshman
class at Montgomery College who did not require developmental course work and the
1,807 students who were required to enroll in developmental mathematics. Students’

race/ethnicity, socioeconomic status as indicated by participationeraRtkReduced-
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priced Meals System, English Speakers of Other Languages statuseaiatiesgucation
services designations are based on Montgomery County Public School records, as
reported as a senior (Grade 12). Table 5 displays the race/ethnicity260the
Montgomery County Public Schools cohort graduates who attended Montgomery
College, in 20092010.

Table 5. 200€ohort Graduates Who Attended Montgomery College, by Race/Ethnicity

Student Groups by Number of MCPS Did Not Require Required
Race/Ethnicity* Graduates Development Developmental
Mathematics Mathematics

Number Percent] Number Percent

Asian American 421 196 46.6 225 53.4
African American 651 215 33.0 436 67.0
White 940 356 37.9 584 62.1
Hispanic 800 246 30.7 554 69.3
TOTAL 2821 1014 35.9 1807 64.1

*American Indian students are included with all students but not reportechsslp due to small
group size

Table 6 shows the Montgomery County Public Schools cohort graduates who attended
Montgomery College in 20862010 by participation in Free and Reduced-priced Meals
System, English Speakers of Other Languages status, and specidbedigraices.

Table 6 lists the 2009 Montgomery County Public School cohort graduates by special
populations attending Montgomery College in 268®10. Table 6 does not include a

total since some students are counted in more than one special population category.
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Table 6. 2009 Cohort Graduates Who Attended Montgomery College, by Special

Population
Student Groups by Special Number of MCPS Did Not Require Required
Population Graduates Development Developmental
Mathematics Mathematics
Number Percent| Number  Percent
FARMS 711 282 39.7 429 60.3
ESOL 156 115 73.7 41 26.3
Special Education 287 111 38.7 176 61.8

Variables Used in the Study

This study involves the analysis of factors that could predict placement in

developmental mathematics courses at Montgomery College. Predictimg factude

level of high school mathematics course attainment, final grades in matteoarses,

and several student demographic variables. The variables were selettednivog data

collected and maintained by Montgomery County Public Schools and Montgomery

College for students who graduated from Montgomery County Public Schools in 2009

and enrolled at Montgomery College in the 2aQ8®10 academic year. Table 7 displays

the dependent variable and a description and Table 8 lists the independent variables and

corresponding descriptions.

Table 7. Dependent Variable and Description

Variable

Description

Enroliment in Developmental
Mathematics

A binary variable produced by Montgome

College:

1 = students required to enroll in a

developmental mathematics course
0 = students not required to enroll in a
developmental mathematics course

ry
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Table 8. Independent Variables and Descriptions

Variable

Description

Asian American

A binary variable indicating if a student is
Asian American*:

1 = Asian American
0 = not Asian American

African American

A binary variable indicating if a student is
African American*:

1 = African American
0 = not African American

Hispanic

A binary variable indicating if a student is
Hispanic*:

1 = Hispanic
0 = not Hispanic

Free and Reduced-priced Meals
System (FARMS)

A binary variable indicating if a student wa
FARMS at the time of graduation from
Montgomery County Public Schools”:

1 = classified as FARMS
0 = classified as not FARMS or prior
FARMS

Special Education (SPED)

A binary variable indicating if a student wa
SPED at the time of graduation from
Montgomery County Public Schools:

1 = classified as SPED
0 = classified as not SPED or prior SPED

English Speakers of Other Languages
(ESOL)

A binary variable indicating if a student wa
ESOL at the time of graduation from
Montgomery County Public Schools:

1 = classified as ESOL
0 = classified as not ESOL or prior ESOL
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Table 8. Independent Variables and Descriptions (continued)

Variable

Description

Enrollment in Geometry

A binary variable created using the course
history of a student:

1 = student enrolled in Geometry
0 = student did not enroll in Geometry

Enroliment in Algebra

A binary variable created using the course
history of a student:

1 = student enrolled in Algebra Il
0 = student did not enroll in Algebra Il

Enrollment in Precalculus

A binary variable created using the course
history of a student:

1 = student enrolled in Precalculus
0 = student did not enroll in Precalculus

Enrollment in Calculus

A binary variable created using the course
history of a student:

1 = student enrolled in Calculus
0 = student did not enroll in Calculus

Successful Completion of Geometry

A binary variable created using the course
history of a studeft

1 = student enrolled and completed with a gre
of C or higher
0 = student enrolled with a grade of D

de

Successful Completion of Algebra Il

A binary variable created using student
transcript data:

1 = Grade of C or higher
O=Gradeof Dor E

Successful Completion of Precalculus

A binary variable created using student
transcript data:

1 = Grade of C or higher
0 =Grade of D or E

Successful Completion of Calculus

A binary variable created using student
transcript data:

1 = Grade of C or higher

O=Gradeof Dor E

*White reference group

AFARMS is used as a proxy for socioeconomic status in this study
'Enroliment in Geometry is required to earn a diploma from the state ryfavid
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For the purposes of this study, the final grade of C or higher variable represaety mas
of the content contained in the course. If a student earns a final grade of iDdére s
considered to have passed the course, but has not mastered the content. If a student

receives a final grade of E, the student did not pass the course.

Data Analysis

Montgomery College freshman class student cohort data will be analyzed and
compared with high school course enrollment; final grade, demographic datanBree
Reduced-priced Meals System status, English Speakers of Otheralgasglesignation,
special education services, and feeder high school articulation informatiorhizd t
high schools with graduates in 2009 to determine the impact that those factors have on
the enrollment of students in developmental course work. Only students enrolled in the
25 comprehensive high schools are included in the data set. Students enrolled in
alternative programs or in external placements are not captured in the dateesi, a
the overall number of students shown to enroll at Montgomery College in the fall of 2009
is lower than the actual enrollment number of Montgomery County Public School
graduates who enrolled.

A quantitative analysis of the data set will be completed using a logistic
regression for questions one, two, and three, and descriptive analyses employed fo
guestion four. Logistic regression is used when the outcome is dichotomous (Wright,
1995, p. 217). In this study, the outcome variable is a dichotomous variable and is based
on whether a student is enrolled or not enrolled in developmental mathematics. The use
of logistic regression models offers the opportunity to study the relationshipdretw

binary dependent variable “enrolled” in developmental mathematics andrirdied” in
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developmental mathematics and the combined effects of the independent vératbles
impact the enrollment of students in developmental mathematics courses (Telb&chni
Fidell, 2001, pp. 546-547). The logistic regression analysis will hold constant a number
of controls and predictors, while determining the relationships among different grfoups
students. A logistic regression model will be run for each independent variable providing
a measure of the relationship between and among one or more independent vatiables wi
the binary dependent variable of “required developmental mathematics” or “did not
require developmental mathematics”.

The logistic regression analyses results will be reported by petaanje, a
conversion from odds ratio (OR) to assist with interpretation (Wright, 1995, p. 223). The
magnitude of the relationships is provided by the effect size. The interpnetbeffect
sizes (ES) are based on the Cohen’s d (Cohen, 1988): large (d = 0.8), modest (d = 0.5),
and small (d = 0.2). If the odds of an outcome are increased, the predictor has a positive
effect. If the odds of an outcome are decreased, the predictor has a netgtive lebr
example, if a group of students have all completed a specified level of math, and they are
not enrolled in developmental mathematics, the specified level of mathematdse a
predictor or a positive outcome. Each independent variable will be measured and will
contribute to the model. The importance of the variable as a predictor will lsenega
by how high or how low the value.

Following the completion of the logistic regression analyses for questions one,
two, and three, the study will employ descriptive analyses for researdioguesr.

Taking the findings from the first three research questions an additionahstepydy

will place the conclusions in the context of the 25 Montgomery County high schools to
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determine if students who graduated from some high schools are more likely to be
required to enroll in a developmental mathematics course than students who graduated
from other high schools. The data will be analyzed through the lens of race/gthnicit
Free and Reduced-priced Meals System, English Speakers of Otlgeiabas status,

and special education services. These findings will provide a hypothesis and fmnte
whether or not student preparation in mathematics is a countywide issue, otinf certa
specific schools are struggling to prepare students for the rigor of ctdlegje

mathematics course work.

Finally, a survey sent to all high school principals in the district will provide
additional information and context for the overall study findings. The principthlsen
asked to anonymously categorize themselves based on the percentage of Free and
Reduced-priced Meal students enrolled in their school. Selecting from amora) sever
pre-identified categories, the principals will also be asked to identifylibkef
regarding the primary factor contributing to individual student enroliment in
developmental mathematics courses. The final question asks each respondent to
recommend actions schools and/or school districts should take to reduce the number of
students required to enroll in developmental mathematics courses at the postgecondar
level. Preselected areas of focus are provided as well as an opportunispéodents

to list their own area of recommended focus.
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CHAPTER 4

DATA ANALYSIS

This chapter will focus on a secondary analysis of mathematics data of the 2009
Montgomery County Public Schools graduates who attended Montgomery College. The
purpose of this study is to examine what factors (level of high school matbe@irse
attainment, final grades in mathematics courses, and demographic variables) are
predictors of placement in developmental mathematics courses at MontgaoiiegeC
A survey of high school principals is descriptively analyzed to identify betiefs
regarding the need for student enroliment in developmental mathematicd as their
recommendations for areas of focus in order to strengthen mathematicsgeauhi
learning. SPSS was utilized to employ a logistical regressionsimalithe data. The

chapter is organized by research question.

Research Question 1

To what extent does the enroliment in high school Geometry, Algebra I, Presaloul

Calculus predict a student’s enrollment in a developmental mathematisg2our

In order to earn a Maryland high school diploma, students are required to enroll in
and earn credit in algebra and Geometry. Both Algebra | and Geometwl-gesaf
courses that carry 1 high school credit. Montgomery County Public Schools requires
students to complete 4 credits of mathematics, which includes the two statateta
courses. Although there is a generally accepted pathway beyond Geonddggloh 11

and Precalculus, there are students who take other mathematics courses that a
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considered less “rigorous” to fulfill their mathematics graduations reageineé This
study focuses on the postsecondary pathway of Algebra Il, Precalculusalanth&€

The logistic regression for the first research question used the vapébles
enrollment in Geometry, Algebra Il, Precalculus, and Calculus or a Hgyedreourse.
Each variable was coded “1” if the student was enrolled in the course and “0” if the
student was not enrolled in the course. Table 9 displays the results of thieatatist
analysis.

Table 9. Statistical Analysis of Enrollment in High School Mathematics €surs

Course B S.E{ Wald| df Sig Odds % EQ
Ratio change

(OR) [ in Odd#

Geometry .239| .261 .840| 1| .360 1.270 26.98| 0.13
Algebra Il 249 .099| 6.266| 1| .012 1.282 28.21( 0.14
PreCalculus -.225| .095 5.540( 1| .019 .799 -20.11( -0.12
Calculus + -1.453| .132|121.363| 1| .000 234 -76.62( -0.80
Constant A460( .266| 2.998| 1| .083 1.585

+This analysis includes students enrolled in Calculus and coursasdb€glculus
90R in Percentage = (OR -1) *100 (Chan, 2004)

bThe formula below puts effect sizes, Cohafy’and the odds ratio on a common metric (Kline,
2004)
In (Exp(B))

n/\3

logitd =

The variables that have the most significant relationship to non-enroliment in
developmental mathematics are enroliment in Precalculus (b=-.225) and Calculus
higher courses (b=-1.453). The percent Odds ratio indicates students enrolled in a
Precalculus course during high school are 20 percent less likely to requirenentai a
developmental mathematics course at Montgomery College. Even though utusaalc
statistically significant, it does not have practical significancalmse the effect size is

small (d=-0.12). The prediction strength for non-enrollment in developmental course
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work is significantly stronger for those students who enrolled in calculusesooirs
courses beyond Calculus. The percent Odds ratio shows that students enrolled in
Calculus or courses beyond Calculus are 77 times less likely to requirenemtaith
developmental mathematics. The effect size (d=-0.80) illustrates thabgmetude of
the relationship is large.

The analysis of the high school mathematics course enroliment data for the 2009
graduating cohort shows that course enrollment in high school is a predictor of
postsecondary developmental mathematics course enrollment. Those students who enroll
in courses beyond Algebra Il are less likely to require enrollment in devahbgime
mathematics and significantly less likely to require remediation if¢hnegll in a
Calculus course or courses beyond calculus. When the course variables of Geometry,
Algebra Il, Precalculus, and Calculus or above are included in the logisticaksion

model, only enrollment in Precalculus and Calculus or above are significant.

Research Question 2

Is the final course grade in Geometry, Algebra Il, Precalculus,loul@a a factor in

determining enrollment in a developmental mathematics course?

The logistic regression for the second research question used the variables of
successful completion of Geometry, Algebra II, Precalculus, and Calmuéukigher-
level course. For the purposes of this research, successful completion is defined a
course grade of C or higher. Each variable was coded “1” if the student wasceimroll

and completed the course with a grade of C or higher and “0” if the student was enrolled
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and completed the course with a grade of D or lower. Table 10 displays the results of the
statistical analysis.

Table 10. Statistical Analysis of Final Grade of C or Higher in Higlo8cMathematics
Courses

Course B S.E Wald| df Sigl Odds Ratio % ES
(OR) change
in Odds
Geometry -.147| .089| 2.704| 1| .100 .864| -13.65( -0.08
Algebra ll -.093| .094 986| 1| .320 911 -8.90| -0.05
PreCalculus -.262| .101| 6.775| 1| .009 .769( -23.07| -0.14
Calculus + -1.373| .154( 79.749( 1| .000 .253| -74.66| -0.76
Constant 904 .066|188.503] 1| .000 2471

+This analysis includes students enrolled in Calculus and courses beglontl€

The variables that have the most significant relationship to a final course gi@ae of
higher in developmental mathematics are Precalculus (b=-.262) and Calculgisesr hi
courses (b=-1.373). For students who earn a grade of C or higher in Precalculus, the
percent Odds ratio of -23.07 indicates those students are 23 percent less likephyréo re
enrollment in a developmental mathematics course. The effect size (d=-0.14) for
Precalculus is small and does not have practical significance. The predieiagilsof
non-enroliment in developmental course work by earning a final course grada of C
higher is statistically significant for those students who enroll in Gaatdurses or
courses beyond Calculus. The percent Odds ratio shows that students who earn a final
grade of a C or higher in Calculus or courses beyond Calculus are 75 timéselgds |
require enroliment in developmental mathematics. The effect size (d=i9l@d&)e and
exemplifies the relationship of course grades and the lack of need for postsgcondar

mathematics remediation.
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The secondary analysis of course enrollment and successful completiod dsfine
a grade of C or higher shows that successful completion of Precalculus @u€alith a
final grade of C or higher is a predictor of postsecondary developmental matsemati
course enroliment. Those students who successfully completed courses beydina Alge

Il are less likely to require enrollment in developmental mathematics.

Research Question 3

Do demographic factors such as student race/ethnicity, Free and Redceddjeals
System identification, English Speakers of Other Languages statuspecidl education

services predict student enroliment in developmental mathematics courses.

In the research reviewed for this project, some of the studies included
demographic information for students enrolled in developmental course work. In
general, these studies do not analyze or provide predictive information on whichsstudent
might be required to enroll in developmental courses based on their race/etimigity
the student services they receive. The logistic regression for the tlgedatesjuestion
used the variables of race/ethnicity, Free and Reduced-priced Meals Syste
identification, English Speakers of Other Languages status, and spleatien
services. White students are the reference group and are coded “0”. Fmefleéhnicity
variables, the code was “1” if the student was of the specified race/ethriibiéy
reference group for each special service area is the non-specialsstuaents and they
are coded as “0”. For example, the reference group for English Speakéheof O

Languages is all non-English Speakers of Other Languages students. The ctide was
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for each student in the specified special service group. Table 11 displays ttseafesul
the statistical analysis.

Table 11. Statistical Analysis of Demographic Factors and Student&ervic

Course B S.E| Wald d Sig. Odds % ES

Ratio change

(OR) in Odds
Asian American -172| 1241 1.923| 1| .166 .842| -15.83| -0.10
African American .366| .113| 10.437( 1| .001 1.442 44.24( 0.20
Hispanic A487| .111| 19.318( 1] .000 1.627 62.75| 0.27
FARMS -202| .101| 3.994| 1| .046 .817( -18.30| -0.11
ESOL -1.707| .192| 78.675[ 1| .000 .181| -81.86( -0.94
Special Educatior] -.238| .130| 3.331| 1| .068 789 -21.15| -0.13
Constant .562| .070| 64.244( 1] .000 1.754

In the area of race/ethnicity, two variables offer notable results asameidf
the logistical regression analysis. The most significant relationshigefthnicity and
enrollment in developmental courses are African American (b=.366) and Hispanic
(b=.487). Although the effect size is small (d=0.20), the percent Odds ratio indictes
African American graduates are 44 percent more likely than White studestisoll in a
developmental mathematics course. Also with a small effect size (d=0.27)r¢betpe
Odds ratio shows that Hispanic students are 63 percent more likely than White students
be required to enroll in a developmental mathematics course.

The special services variables include students who were receivingwice se
only during their senior year (Grade 12). Students who received a desigmaieel se
prior to their senior year in high school are not identified as receiving semvittes
study. The relationship of the English Speakers of Other Languagaisi@da non-

enrollment in developmental courses is statistically significant (b=-1atti¥jhe
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relationship of the Free and Reduced-priced Meals System variablegisatigr
significant (b=-.202). The percent Odds ratio shows that English Speakers of Other
Languages students are 82 percent less likely than their non-English iSpdaBther
Languages peers to require enroliment in a developmental mathematges cohe

effect size (d=-0.94) is large. For the Free and Reduced-priced Meal® sgoup, the
percent Odds ratio reveals that Free and Reduced-priced Meals Systenissare 18
percent less likely than their non-Free and Reduced-price Meals Sysissi@be
required to enroll in a developmental mathematics course. The effect dizedand
Reduced-price Meals System students (d=-0.11) is small.

The analysis of the special services data includes an unexpected findglgh E
Speakers of Other Languages students are significantly less likelyuioe enrollment
in developmental mathematics. In this graduating cohort, English Speakdhseof O
Languages students beat the odds in terms of non-enrollment in mathematics
developmental course work. In addition, Free and Reduced-priced Meals System
students are less likely to require enrollment in developmental matherhatigsyer, the
effect size is minute and does not have practical significance. The amdles
race/ethnicity data shows an outcome that is consistent with findings in previous
research—African American and Hispanic students are significantly rkehgto

require enroliment in developmental course work.

Research Question 4

Are students’ who graduated from some high schools more likely than students’ who

graduated from other high schools to be required to enroll in a developmental
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mathematics course? What are the patterns when data are disaggregated by
race/ethnicity, Free and Reduced-priced Meals System, English 8pe&kiher

Languages status, and special education services?

Montgomery County Public Schools has 25 comprehensive high schools. For this
analysis, each of the 25 high schools has been numbered 1 through 25 in order to retain
the anonymity of the school. The school numbers were assigned based on the percentage
of students enrolled in developmental courses at Montgomery College. For example, t
school with the lowest percentage of developmental course enrollees from am®&g the
high schools is assigned the number 1. The school with the largest percent of total
developmental course enrollees from among the high schools is assigned theZtumber
This system of school numbering is consistent throughout the study.

The number of students who matriculated from Montgomery County Public
Schools’ 25 comprehensive high schools to Montgomery College in the fall of 2009 was
2,821. Developmental course enrollment was required for 1,807 students representing
64.1 percent of the total cohort. The number of students who matriculated from
individual high schools ranged from 33 to 178. When disaggregated by high school,
there is a significant range in the postsecondary mathematics enrolintermigpathe
student enrollment numbers for developmental mathematics range from 16 to 120. The
student enroliment in developmental courses as a percentage of total Montgomery
College enrollees in each high school ranges from 48.5 to 74.8 percent. Table 12
displays the total number of students enrolled from each high school at Montgomery

College, the number of students who enrolled in developmental mathematics, as well as
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the number and percentage of student enrollment by school sorted by percentagg enroll
for the 2009 graduate cohort.

Table 12. 2009 Graduate Cohort Data by Graduating High School

School Developmental Course Developmental Montgomery College
Number Enrolled Course Total Enrolled
Number Enrolled Number
Percent
1 16 48.5 33
2 51 55.4 92
3 55 56.7 97
4 48 57.8 83
5 35 58.3 60
6 78 60.5 129
7 71 60.7 117
8 91 61.1 149
9 85 61.2 139
10 32 61.5 52
11 63 61.8 102
12 92 62.2 148
13 63 63.0 100
14 42 63.6 66
15 68 63.6 107
16 105 64.4 163
17 100 65.8 152
18 84 66.1 127
19 88 66.2 133
20 76 66.7 114
21 120 67.4 178
22 113 68.1 166
23 71 72.4 98
24 62 72.9 85
25 98 74.8 131
1807 64.1 2821

In order to answer the second part of question four, school-level data
disaggregated based on race/ethnicity and special services wereegkviln many cases,
the number of students for certain variables was small. With small studentrewante
without the benefit of multiple years of data, confidence in any significagintys would

be questionable. Therefore, to ascertain if race/ethnicity and/or studeoéseénmvpact
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student enrollment patterns in developmental courses, a composite percentage was
formulated for each high school.

The composite percentage includes the following five variables, which comprise
the total enrollment at each high school: percentage of African Americaimesmgl
percentage Hispanic enrollment, percentage of students identified asngp€eee and
Reduced-priced Meals, percentage of students identified for English Speb&é¢ner
Languages services, and percentage of students identified for specati@tservices.
African American and Hispanic enrollment were selected as varialded ba the
guestion three findings that African American and Hispanic students are 44 and 63
percent more likely to enroll in developmental courses than their White peessed
as the reference group. The analysis showed that white and Asian Amard=rist
have significantly lower enrollment rates in developmental courses at Moaty
College. The composite percentage for each school is the mean percentadevef t
variables. Schools were then grouped into three categories—low, medium, and high. For
example, the high composite-level schools include a combination of a higher agecent
of African American students, Hispanic students, the percentage of stustEivsng
Free and Reduced-priced Meals, the percentage of students identified fsh Engl
Speakers of Other Languages services, and the percentage of studifieide
receive special education services.

Three schools were in the high composite-level group and had a lower rate of
students enrolled in developmental mathematics compared with other schoaighethi
high composite-level group. Similarly, three schools in the low compositegeug

had a higher rate of students enrolled in developmental mathematics. Howevaes, there
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minimal variation in the rate of enrollment in developmental mathematicsHooks in
the medium composite-level group. Table 13 displays a comparison of the ppeaenta
students enrolled in developmental courses with the five-variable composite and the
composite levels.

Table 13. Composite-level Chart for Students Enrolled in Developmental Courses

School Number Developmental Five Composite
Course Variable Level
Enrolled Composite
Percent Percent

10 61.5 3.8

3 56.7 5.1

5 58.3 5.3

1 48.5 5.9 Low
14 63.6 8.6

2 55.4 9.8

15 63.6 10.1

8 61.1 11.5

7 60.7 12.7

18 66.1 14.6
21 67.4 154

12 62.2 16.5 Medium
11 61.8 17.0
20 66.7 17.5
24 72.9 18.0

19 66.2 18.6

9 61.2 20.3
23 72.4 20.5

16 64.4 23.7

4 57.8 24.5
22 68.1 24.5 High
6 60.5 25.7

17 65.8 25.9

13 63.0 28.4
25 74.8 31.6

In order to provide qualitative context to research question four, an online survey
was sent to all 25 comprehensive high school principals. Twenty-two principals
responded to the three-question survey. The response rate was 88 percent. The data and

findings for each survey question will be discussed separately. The complety is
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found in the appendix. The first question asked the principals’ to self-identify based on
the percentage of Free and Reduced-priced Meals students enrolled ichibelr s

Figure 2 displays the results of question one.

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0% to
15%

16% to
30%

31% or
Higher

Response = Response
Numbe Percent

Figure 2. School Enroliment Based on Free and Reduced-phteals

The responses to question one were almost evenly divided. Seven respondents
(31.8%) reported that their school fell into the 0 to 15 percent range in the overall
enrollment of students receiving Free and Reduced-priced Meals. Seven respondents
(31.8%) indicated that their school enrolled between 16 and 30 percent of students
receiving Free and Reduced-priced Meals, and eight respondents (36.4%) raported
enrollment rate of 31 percent or higher.

The second survey question asked the principals to select the primarylfagtor t
believe caused a student to be required to enroll in a developmental mathematics course.

Figure 3 displays the results of question two.
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10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

An individual student has

not completed a high

enough level mathematics 7
course in high school.

Semester grades in
mathematics course, no

matter what the highest I 13.6%
level mathematics course

successfully completed in
high school.

A combination of the
highest level mathematics 12

course taken in high
school and the semester
grades.

A student’s natural 0 0%
mathematics ability.

Respons&umber r

Figure 3. Primary Factor for Eiollment in Developmental Mathematics Courses

Fifty-five percent of the principals indicated that a bamation of the highest lev:
mathematics course taken in high school and thestmgrades is the primary factor
enrollment in developmental miematics courses. Thirtyvo percent of principal
believe that enrollment in developmental mathersasi@ result of not completing a hi
enough level of mathematics course in high sch@uily 14 percent of the principe
indicated semester gradesmathematics courses in high school were the mgsbitant
factor in enrollment in developmental mathematmsrses

The final question in the survey asked principalsscommend steps schc
districts could take to reduce the number of sttglenrolld in developmente
mathematics at the pastcondary level. This question asked principatotoment in al

the areas they believed would have the most inin reducing the number of studel
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required to enroll in developmental mathematics course work. To focus the responses,
six areas were pre-selected and listed in the survey. Principalsiwarelge option to
comment in multiple areas. Respondents also had the opportunity to offer other areas of
focus not listed by commenting in an “other” section. Table 14 displays the results of
guestion three.

Table 14. Recommendations to Reduce Enroliment in Developmental Mathematics

Area of Focus Frequency Selected
Percent
School resources 40.9
Principal leadership 36.4
Course alignment to postsecondary education 36.4
Teacher experience, attitude, expectations, etc. 50.0
Student/teacher relationship 54.5
Extra time to teach math to struggling students (long periods) 54.5
Out-of-school-hour tutoring 27.3
Other, specify 59.1

Among the pre-selected recommendation focus areas, teacher expeatigock, and
expectations, student/teacher relationship, and extra time to teach matbhémnat
struggling students were the most selected. When reviewing the 12 namativests
provided by principals for the recommendation of extra time for strugglingrayd®
percent of the respondents specified that more time would be “counter-productive” a
50 percent indicated that additional time is “crucial” for struggling studentsster the
content. The following statement characterizes all the statememstggaviding more
time for mathematics instruction: “I see it less as an issue of quantityeobihd more an
issue of quality of time.” Since one of the highest rated responses included two
contradictory perspectives, the remaining two most selected recommesdagdeacher

experience, attitude, and expectations, and student teacher relationship.
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There were 13 comments in the “other” section of survey question three. This
section received more responses than any of the preselected recommendatoager H
there was no particular overarching theme or themes that could be gleandgefrom
collective responses. Respondents offered comments in numerous areas including
professional development for teachers, additional staffing, curriculant@rté pacing,
students’ overreliance on calculators, addition of summer school programsivecent
programs, over-acceleration in elementary and middle school, and the use of the
Accuplacer in high school to identify students who need interventions prior to goaduati
The randomness of the responses in the “other” section of question three, as well as the
lack of any pervasive themes, indicates that there is no additional informatiatigedem
the extent to which the two preselected themes of teacher experience,,atitlide
expectations, as well as student teacher relationship were most selettteddsponding
principals.

In summary, this research includes both quantitative and qualitative analysis. The
SPSS logistical regression quantitative analysis found that enrolimemcaléulus or
Calculus or higher with a grade of C or higher are predictors of enrollment in
developmental mathematics. In addition, students who are African Americaspamnkti
are more likely to enroll in developmental mathematics than their White an Asia
American peers, and among the student services groups, English Speakers of Othe
Languages students are significantly less likely to enroll in develophmeathhematics.

A review of a composite of demographic data found some outlier schools that are high
impact in terms of their likelihood to have students who will enroll in developmental

mathematics courses; however, the data show that they have a lower percentage of
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students enrolled than similarly impacted schools. Finally, in a survey of the haghl sc
principals in Montgomery County, a majority of the respondents listed a combination of

the highest-level mathematics course and semester grades as the maanhtrfgior

related to required enrollment in developmental mathematics. The survey alsa show

that teacher experience, attitude, expectations, as well as studeat testionship

were the most selected recommendations among the respondents for reducing the number
of students who require postsecondary remediation in mathematics. In thbapet,c

the study findings will be discussed in the context of conclusions, implications, asd are

for further inquiry.

67



CHAPTER 5

DISCUSSION

Introduction and Context

The need for developmental course work at the postsecondary level has been of
concern to business leaders, government officials, and educators for decades. Thes
concerns have been heightened in tHé@htury with the increased apprehension related
to the global economy, national security, and long-term anxiety regardingiliheadb
the United States to compete with countries such as China in the corporate and education
arenas. Itis believed that, without a strong education system, the UnitexvBldtese
its competitive edge and ultimately its premier status as a worldrleddchange in
stature could result in a lower standard of living and significant national tseissties.

In recent years, the educational community has taken unprecedented steps to
strengthen the framework of the educational system. The National Governors’
Association and business leaders formed Achieve, Inc. in 1996 with the goal of
improving educational outcomes throughout the United States (Achieve, 2012). Achieve,
in partnership with the National Governors’ Association and the Council of Chief State
School Officers, has led an effort to develop the Common Core State Standarts, whic
have been adopted by 45 states and the District of Columbia. In addition, the Partnership
for Assessment of Readiness for College and Careers and Smarter Eaasogium
are collaborative state-led efforts that create standardizedessgs to measure the
implementation of the Common Core State Standards. This work is underway to bolster
K—12 education across the United States, with the intended result of increasing student

preparation for postsecondary study and the workforce. One of the implied gduds of t
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national effort is to reduce the number of students’ requiring developmental naitsem
upon entry into postsecondary education.

During the past decade, Montgomery County Public Schools has been on the
forefront of educational reform. Significant work has been implemented to revise
curriculum and locally developed assessments, and to provide professional development
for instructional staff. The first group of Montgomery County students to fully
participate in the initial reforms instituted in 2001 will graduate in 2013. A secovel wa
of reform is now underway as the State of Maryland and the Montgomery County Public
Schools begin implementation of the Common Core State Standards. As withtthe firs
reform initiative, it will take several years before the Common Core Statelards are
fully implemented and any improvement in academic achievement results are
systemically measured.

Currently, Montgomery County Public Schools, like other school districts, has a
significant number of students who require remedial course work in mathentdties a
postsecondary level. This is clearly demonstrated through the 2009 graduate cohort of
which approximately 33 percent of the students attended Montgomery College. The
cohort data ascertained for this research study shows that 64.1 percent of the students
were required to enroll in a developmental mathematic course as firssteerstudents
at Montgomery College. Montgomery County, and the rest of the nation, must identify
strategies, remedies, and solutions to reduce and eliminate the epidemicesrinolim

remedial mathematics courses.
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Conclusions for Research Questions 1 and 2

When the course variables of Geometry, Algebra Il, Precalculus, and Calculus or
above are compared through the logistical regression model, only enroliment in
Precalculus and Calculus or above are significant. Students enrolled in alhuscalc
course during high school are 20 percent less likely to require enrollment in a
developmental mathematics course in college. Those students who enroll in Calculus or
a higher-level course are 77 times less likely to require enrollmerdamnedopmental
mathematics course at Montgomery College. In the 2009 Montgomery County Public
Schools graduating cohort, those students who enrolled in either of these two college-
preparatory mathematics courses beyond Algebra 1l were signifidasslyikely to
require developmental mathematics course work at Montgomery College.

SOAR 2011 found that the remedial course enrollment rate for students who
completed a “core” curriculum in high school entered postsecondary institutidma wit
lower rate of required enrollment in developmental mathematics than those student
completed a non-core curriculum. One of the components of the defined core curriculum
in Maryland is the completion of three or more years of mathematics. The Gdmid &
Regents (2005) defined a component of the “complete” core curriculum as four years of
mathematics. Roth, Crans, et al. (1997), Adelman (1999 and 2006), Duranczyk and
Higbee (2006), and Hoyt (1999) directly address the completion of Algebra Il as a
variable impacting individual student enroliment in postsecondary developmental
courses. Spade, Columba, and Vanfossen (1997) asserts that the most signifieant s
achievement variable controlled by a school is course enrollment (p. 125). Thedinding
of this study suggest that completion of courses beyond Algebra Il is required t

significantly reduce enrollment in developmental mathematics courses.
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For administrators, school counselors, and parents, this is an important finding.
Montgomery County Public Schools, like other school districts across the United, Stat
require students to take and earn credit in four mathematics courses. In Maryland,
Algebra | and Geometry are required for graduation. Algebrahkeisdurse many
students enroll in following Geometry; however, it is not required. There are
mathematics course options available to students that allow them to complete thei
mathematics credit graduation requirements without taking AlgebPadtalculus, or
Calculus. The analysis in this study shows that by enrolling in either&tiesaor
Calculus, a student reduces his or her chance of required enrollment in developmental
mathematics. School district staff should strongly encourage students to enroll in
college-preparatory mathematics courses beyond Algebra Il in ordentexgesure to
more rigorous curriculum content, with the goal of reducing the probabiliggoinred
enrollment in postsecondary developmental mathematics courses.

The logistic regression for the second research question used the variables of
successful completion of Geometry, Algebra Il, Precalculus, and Calcudusiginer-
level course, with a C or higher defined as successful completion of the cobese. T
statistical analysis found that, from among the four courses, students whotedmple
Precalculus were 23 percent less likely to be required to enroll in developmental
mathematics. Those students who successfully completed Calculus or a bigker ¢
with a grade of C or higher were 75 times less likely to require enroliment in
developmental mathematics courses at Montgomery College. The anadyhis study
shows that course enrollment beyond Algebra Il and final course gradesaic&lec

and Calculus are a predictor of college readiness in mathematics.
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The Maryland Higher Education Commission (2009), Fong, Huang, and Goel
(2008), Adelman (1999 and 2006), Hoyt (1999), Hoyt and Sorensen (2001), and Roth,
Crans, et al. (1997) all discuss GPAs and/or grades in relationship to the need for
remedial mathematics course work at the postsecondary level. Themehess, in one
form or another, point to higher GPAs and/or grades as having a strong influence in
reducing postsecondary mathematics remediation. Sawyer (2008) and Bogl&axon
(2001) maintain that there are differences in grading practices amongrieastwell as
schools and subjectivity along with grade inflation are factors that imgaedial
enrollment rates. Although these factors should be considered in any study of ttte impa
of grades on postsecondary developmental course enrollment, the logistiessicay
used in this study includes the consideration of both grades and course enrollment. By
considering multiple variables, and focusing comprehensively on the question of the
outcome of a student earning a grade of C or higher in several high school miaghemat
courses, the threat of grade subjectivity and inflation are reduced.

Enrolling in and successfully completing courses beyond Algebra 1l is important
if a student is to significantly reduce his or her chances of being requirecbtbire a
developmental mathematics course. From a public policy perspective, schadbkdistr
should consider increasing the number and types of required mathematics courses.
Currently in Maryland, only 3 credits of mathematics are required to édamydand
graduation diploma. As previously stated, Montgomery County Public Schools requires
4 credits of mathematics for graduation. Both the state of Maryland and Marigom
County require completion of Algebra | and Geometry courses to earn the Maryland

diploma. To improve achievement outcomes, Maryland and districts outside of Maryland
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should require a fourth credit of mathematics and consider naming the content of the
courses required for graduation as has been done for algebra and Geometry. For
example, Maryland could add Algebra Il as a required course. This would aligr the K
12 expectations with the University of Maryland System, which requires agplyin
students to have completed Algebra Il in order to apply to campuses in the system.
Another option is to define each of the 4 credits for graduation to include Algebra I,
Geometry, Algebra Il, and Precalculus.

When considering this type of policy change, states and districts must study the
short- and long-term implications. If a change in course requiremenéstavbe
instituted, school systems would likely see an initial decrease in gratuaties. States
and districts would need to contemplate a phase-in approach to any augmentation in
mathematics graduation requirements. This approach might require a delay in
implementation until the full implementation of the Common Core State Standards, or
waivers of specified requirements for some students as states artisdigdrk to update
curriculum and instruction to align with the new requirements. The implenmantsti
the Common Core State Standards, development of new curriculum, augmentation of
teacher training, and a corollary expansion of educational funding provide sidtes a
districts with an opportune time to consider intensifying high school course reeaiis

in mathematics.

Conclusions for Research Question 3

Previous research studies in the area of developmental course enrollrhent at t
postsecondary level has included data that showed higher developmental course

enrollment rates for African American and Hispanic students than themn Agirican
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and White peers (Snyder and Dillow, 2011; SOAR, 2011). The use of a logistic
regression model offered the opportunity to predict the enrollment rates based on
race/ethnicity and student services. The logistic regression for thedgk@arch question
used the variables of race/ethnicity, Free and Reduced-priced Meals Syste
identification, English Speakers of Other Languages status, and specii@uu
services.

The analysis found that African American students were 44 percent moye likel
than White students to require remedial mathematics and Hispanic students were 63
percent more likely than their White peers to require enrollment in developmenta
mathematics at Montgomery College. In most areas of educational attainrinieaiy A
American and Hispanic students do not achieve at the same level as AsiacaAroer
White students. The results of this study show the continued and persisterdthagal/
achievement gap among African American and Hispanic students and their Asian
American and White peers as revealed through enrollment in collededmedial
mathematics courses.

Research question three also analyzed students receiving spectasséwing
their senior year in high school. Of the three areas of student services tewidhis
research, Free and Reduced-priced Meals, English Speakers of Othgeages, and
special education, the logistical regression analysis found that English Spela®éner
Languages students are 82 percent less likely than their non-EnglishrSpgaBther
Languages peers to require enrollment in a developmental mathematsss aod Free
and Reduced-priced Meals students are 18 percent less likely than their nondFree a

Reduced-priced Meals peers to be required to enroll in a developmental mathemati
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course. Although the small effect size for the Free and Reduced-priced Mdalsts
made the findings marginally significant, the overall findings were notipatexl.

In the case of both Free and Reduced-priced Meals and English Speakers of Othe
Languages students, one might expect these students to be “high-risk” pogul&iee
and Reduced-priced Meals students are discussed in research literatudeats who
have less educational opportunity due to poverty. In the analysis of the 2009 cohort data
for Montgomery College, they are enrolled in developmental mathematices@irs
lower rate that their non-Free and Reduced-priced Meals peers. Bdtwaafedt size
was small for Free and Reduced-priced Meals students, it is difficult tolafgethe
reason for the results. More study is needed to determine if this is a oneimalyaor
if there is a consistent pattern in the Free and Reduced-priced Meals ogsultime.

English Speakers of Other Languages students are enrolled at a sidpificant
lower rate than their non-English Speakers of Other Languages peers. The students
identified in this study are students receiving English Speakers of Othguages
services during their senior year in high school. This means that they ayedikelve
enrolled in Montgomery County Public Schools while in high school and may indicate
that the students had strong mathematics instruction in their country of origin, and
language is not a barrier to reading and understanding mathematics problems.

There is little research in the areas of socioeconomic status and EnghgierSpe
of other languages and enroliment in postsecondary developmental mathematis cours
work. The Ohio Board of Regents (2005) study did classify districts in Ohio by
socioeconomic status and found that school districts with larger numbers of students

impacted by poverty had higher postsecondary remedial course enroliment. Adelman
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(1999) studies socioeconomic status in the context of high school mathematics course
enrollment and attainment of bachelor’s degrees. Adelman found that the level of
mathematics course completed was significant, while the correlation oésonbmic
and the level of mathematics attained had minimal significance (p. 16). Ehanddysis
for this study found that the Free and Reduced-priced Meals System status offa stude
was marginally significant in relation to postsecondary mathematicsopevental
course enroliment; however, it must be considered that the effect size wias sma

The results of this study show that policy makers and educational leadets nee
continue their focus on the African American and Hispanic achievement gap. Althoug
significant focus and resources have been devoted to improving the achievement of
minority students through national efforts suciNasChild Left Behincs well as
initiatives at the state and local levels, a persistent achievement gapesntAs with
the conclusions for questions one and two, the Common Core State Standards hold some
level of promise if there is fidelity of implementation of the new curriculuth wi
thorough and significant professional development for principals and teachbml Sc
districts also need to review and address the belief systems of theislaaddeachers.
If there is a belief that all students can learn at high levels, and the resare¢e place
to support the schools, the United States will have an educational system tharuesy s
all students.

In terms of short-terms goals, principals, teachers, and counselors musslestabl
procedures and processes to systematically review the course schechaasAdfitan
American and Hispanic students to ensure enrollment in the most challenging

mathematics courses prior to high school graduation. Students and parents musé be awar
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that the choice to complete Precalculus and/or Calculus may make the déferenc
required enroliment in postsecondary developmental mathematics courses aaielyltim

resulting in the attainment of a college degree.

Conclusions for Research Question 4

The final research question descriptively analyzed demographic enroliment
patterns in developmental mathematics at Montgomery College and studied emtrolime
patterns by high school. In addition to the descriptive review of data, a survey of the
Montgomery County high school principals was administered to gather additional
information that might contribute to the overall findings in this study. As discussed
above, schools were categorized into three composite-levels: low, medium, land hig
This structure provides the opportunity to discuss findings relative to student enrollment
based on race/ethnicity and student services. Three schools have a lower peofentag
students enrolled in developmental mathematics courses even though theifaltheit
high composite-level range. It appears that the three schools hatesl @eaditions that
provide more of their students with the knowledge and skills needed to enroll directly in
postsecondary credit-bearing mathematics courses in the fall of themaes/ear than
other similarly situated schools.

This finding leads to an additional question. What is happening at these three
schools related to mathematics teaching and learning that reduces drdguer©f
students required to enroll in developmental mathematics at Montgomery College?
Certainly, more research is needed to answer this question. However, usingltb®fes
the principals survey, one can hypothesize potential reasons. In the high schoollprincipa

survey, the respondents most frequently selected teacher experienaie, atid
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expectations, and student-teacher relationship as the recommended area$ dmeyhic
suggest school districts should focus to reduce enroliment in postsecondary
developmental mathematics courses. Rigor, relevance, and relationships poaes)
often cited as key to educational reform. Teacher experience and studetdtexpeare
other crucial areas designated as important to student achievement. \glstadiidoes
not delve into the details of the specific conditions that may be responsiblevéoirbdes

of enrollment in postsecondary developmental mathematics courses, the findihgsvdo s

that it is possible for schools to improve the college readiness of their students

Summary Conclusions and Implications

School districts should increase the levels of mathematics requirdtsdants
to graduate from high school. At a minimum, students should be required to complete
Algebra Il and strongly encouraged to enroll in college-preparatmrgses beyond
Algebra Il such as Precalculus and Calculus. According to the Nationar @ante
Educational Statistics, 67 percent of high school graduates completed one or more
semesters of Algebra Il, and only 28 percent of high school graduates completed one or
more semesters of Precalculus in 2004 (U.S. Department of Education NCES, 2007,
pp. 7-9).

A change in “policy” regarding curriculum standards and assessmentsdzatyal
been undertaken by most states, with the adoption of the Common Core State Standards,
and the move toward standardized state-level assessments through the Raftmershi
Assessment of Readiness for College and Careers and the Smarter Balasaeium.

These standards and assessments are not curriculum, per se, and they do not provide

requirements for the highest-level math courses students must take togymacugiven
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state or district. In addition, these newly adopted standards do not include written
curriculum, formative assessments, instructional materials, or spguaifiance for

professional development. State and local Boards of Education and their superintendents
will ultimately make decisions in the areas of policies and funding relatgctuation
requirements and instructional supports.

The implementation of the Common Core State Standards provides an
unprecedented opportunity for policy makers and school leaders to implement cutting-
edge reform in mathematics education. One of the major issues for educatidera iea
how to institute this level of change in a schooling model that has been in place for the
last century. School districts cannot expect to create significant changedants
outcomes in mathematics devoid of modifications to curriculum, instructional elsteri
and assessments. Change of this magnitude will also require a sizable inv@stme
systematic and an ongoing professional development program for cefiteaboid
school-based staff. These transformational components, combined with increased
expectations for the level of mathematics students must complete in ordetuatgra
from high school, could reduce the number of students stuck in the purgatory of
postsecondary developmental mathematics courses.

Based on the five-variable composite percentage, students from three higk school
had noticeably lower developmental course enrollment rates in mathematics at
Montgomery College than similarly situated high schools. Although the remoediat
rates for students in these schools are still unacceptably high, the findihgsstfitly
suggest that schools can create an environment in which the number of students required

to enroll in postsecondary developmental mathematics courses is reduced, ehoderat
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significantly. This encouraging finding suggests that school leadership aci@pochn
reduce the number of students “at-risk” of needing to enroll in developmental
mathematics courses. However, in the three schools with lower percentagetenfsst
enrolled in developmental courses, it was not possible to identify which variables have
led to the positive result.

High school principals who responded to the survey selected teacher experience
attitude, and expectations, and student-teacher relationship as primary factor
contributing to a reduction in the number of students who had to enroll in postsecondary
developmental mathematics courses. However, the survey results did not show
consensus about which factor was determinative. Without consensus about a “decisive”
approach, the researcher concludes that each school’s approach representganocenve
of approaches, rather than a formula-driven strategy. This is consistentenstthtbol
management approach of decentralization. It is not always possible, ndwesys a
recommended, to lift an initiative or an instructional approach from one school and place
it in another. In this study, the principals may be on the right track to attengrediff
approaches to achieve sustainable results. Albeit there is not currentigraagics
professional learning discussion among Montgomery County Public Schools principals
regarding this problem of practice, there is rich potential for princip#hsny
Montgomery County and within other districts to work together to review their data,
identify lessons learned, and use successful practices in ways that provids tiesules
for their schools.

There are significant overall implications for states as well asdastacts when

identifying strategies to significantly reduce the number of students whoee
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enrollment in postsecondary developmental mathematics courses. If matheoatse
requirements are increased by local school systems and states to incluma Alge
PreCalculus, then enhanced student preparation in mathematics at the eleamehtary
middle school levels is necessary. To improve student readiness for advanced high
school mathematics courses, school districts must work to increase the mathemat
content knowledge and pedagogical skills of elementary and middle school seabber
may have trained as “generalists” in their college teacher educatigraprs, but must

have deep mathematical content knowledge to implement the new Common Core State
Standards.

These professional development opportunities not only necessitate a focus on
content and pedagogy to enhance the knowledge and experience of teachers, moreover,
the training also must focus on supporting teachers in their understanding of a high-
expectations learning environment as well as coaching on how to build and maintain
strong relationships with all students. These areas of focus align with th&égwiori
identified by respondents to the survey of principals included in this studgditioa to
professional development employed by local school districts, it is edsbatiachool
districts and states work with postsecondary institutions to modify teadparption
programs to place a stronger focus on mathematics education for Prekindettgarigh
Grade 8 teacher certification and to consider the shift in focus to the deeper atailem
understanding required by the new Common Core State Standards.

In closing, there are issues related to limitations and generaligabdttmust be
addressed. First, the small cohort of students attending Montgomery Collethe and

one-district data source are limitations of this research. Although MoetgaCounty
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Public Schools is the Y@argest school district in the United States, and is comprised of
a demographically diverse student body that is similar in diversity aadtather large
suburban school districts, the size of the student cohort attending Montgomery College is
relatively small. Second, mathematics curriculum, instructional supportasitet
professional development opportunities can differ from district to districttatelts

state. Differences in these instructional areas may impact theesadhstudents to

pass college entrance exams or placement tests potentially influereeimgntiber of
students enrolled in developmental coursework among colleges or universities., Finally
even though community colleges in Maryland utilize the Accuplacer to stanelardi
entrance placement in mathematics, there is not a national standard fantxfour-year
college placement exams. As a result, there are different standards fammdecis
regarding which students are required to take developmental mathematicsvodkrse
Considering these limitations, a state or national data sample wouldiséretige

generalizablity of the findings and implications to other school districts.

Areas for Further Inquiry

This study provides aexamination of specific connections among variables
related to the relationship of high school preparation in mathematics to the required
enrollment of high school graduates in postsecondary developmental mathematics
courses. The conclusions and implications of the study are clearly delineategghow
there is need for additional study not only to corroborate the findings in tearchsbut
to also expand upon certain aspects of the study that raise new questions. Theze are thr

areas recommended for further inquiry.
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First, given that this is a one-cohort study using data from the Montgomery
County Public Schools graduating class of 2009, it would be beneficial to replicate the
logistical regression analysis with a recent cohort (e.g. Class of 201 X¢tmuote if the
overall findings are consistent. As previously discussed in the summary conclusions a
implications section of this chapter, the findings in this study go beyondpeevi
research studies that recommend the completion of Algebra Il as a meathscofge
enrollment in college-level remedial mathematics courses. The anal{fsis study
reveals that enroliment and/or completion of Precalculus and Calculus caerses a
stronger predictors of non-enroliment in postsecondary developmental matlematic
courses than is Algebra Il. In addition, if the findings of this study are digdicn a
replicated analysis, the recommendations to promote the completion of higtler-le
mathematics courses, and that Free and Reduced-priced Meal and Englisn 8jpea
Other Languages services students are less impacted than “steedlytypinsidered,
will be strengthened.

A second related area of study might focus on the enroliment rate o$HEngli
Speakers of Other Languages students in developmental mathematics agddamibee
enrollment rates of English Speakers of Other Languages students in deveddpment
reading and writing. How do the developmental course enrollment rates comipare?
there are differences in enroliment rates, what are the causes of ¢hentiéls? Often
there are assumptions made among educators that English Speakers of Qhagé.an
students struggle with all aspects of academic language. Assessmentsimatiat
require reading skills, particularly for word problems. The results of tnily sthow that

English Speakers of Other Languages students were 82 percent less likehethaon-

83



English Speakers of Other Language peers to require enrollment in a develbpmenta
mathematics course. It would be important to study how the enrollment patterns of
English Speakers of Other Languages students in college-level developmental
mathematics compares with postsecondary enrollment in developmental reading and
writing courses to learn more about what has prepared the English lancarage le
students for their success in high school mathematics and to understand what the data
show related to preparation for college-level reading and writing.

Finally, another research project might focus on the three high schoolstieat w
found to be high in impact, but enrolled students in developmental mathematics courses
at lower rates than similarly situated schools. The principal survey rdubale
respondents most often selected teacher experience, attitude, and expeatations,
student-teacher relationship as crucial components of student success in high school
mathematics. This researcher concurs that these two variables ate sttalent
success, so it would be beneficial to know if they have played a role in the lodentst
enrollment in postsecondary mathematics courses at the three identified scfmol
specifically identify the variables that contribute to the positive resldttified at the
three high schools, staff and student interviews, classroom observations, and ftather da
analysis are required. Additional information regarding the environmentabiesithat
lead to more positive outcomes might be helpful as other high schools search for
successful strategies that reduce the need for postsecondary developm#reatatics

course work.
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1.

2.

3.

APPENDIX
Principals’ Survey

High School Mathematics and Enrollment in Developmental
Mathematics Courses at the Postsecondary Level

My school falls into the following range in the percent of Free and Reduced
Meals (FARMS) students enrolled (check one):

0 to 15 percent

16 to 30 percent

31 percent or higher
What do you believe is the primary factor that requires an individual student to
enroll in developmental mathematics courses at the postsecondary level (check
one)?

An individual student has not completed a high enough level mathematics
course in high school

Semester grades in mathematics courses, no matter what the highest le
mathematics course successfully completed in high school

A combination of the highest level mathematics course taken in high
school and the semester grades

A student’s natural mathematics ability

Other Explain:

What steps do you recommend schools and school districts take to reduce the
number of students required to enroll in developmental courses at the
postsecondary level? Please comment in the areas that you believe would have
the most impact.

School resources:
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Principal leadership:

Course alignment to postsecondary education:

Teacher experience, attitude, expectation, etc.:

Student teacher relationship:

Extra time to teach math to struggling students (long periods):

Out-of-school-hour tutoring:

Other, specify:
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