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Abstract

We report on a three-year project to make dataedrimprovements in the mathematics
placement process at the University of Northerro@mo. We began by analyzing fall 2007
placement recommendations for a sample of N=1466\year students to the university. These
recommendations came from brief faculty-studergrinews during summer orientation sessions
in which math instructors suggested one or moresasufor students based on their most recent
mathematics course and grade, high school grade @oerage, ACT math score, college major,
and other information. We compared these recomntiemgato advising and enrollment data
over the subsequent year, and, using logistic ssgyre modeling, identified the background
variables that best modeled success in studerdshfiathematics courses. This led us to make
changes in the math placement process for sumn@&. ¥@e describe the new placement
guidelines and summarize preliminary findings frafollow-up study on the impact of the
changes.
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By the mid-1990s, about 90% of postsecondary ungtits used some method of placing
students in their first mathematics course (Sawy@96); however, methods for first-year
mathematics placement includes tests, interview@I Ar SAT scores, prior mathematical
coursework, high school grade point average, orbdoations of these and related data, but
placement exams are perhaps the most common totib(B Daners, & Stewart, 2007). Dorner
and Hutton (2002) found that in the fall of 200@rig 1600 institutions of higher education used
one of three competing commercial placement exdfased by the Mathematical Association
of America, College Board, and ACT. Placement exarag be popular in part because they can
be tailored to reflect prerequisite content requeats; however, several researchers have found
that using a placement exam together with ACT-MatBAT-Math scores, high school grade
point average, and/or high school math coursegyeaks allows better prediction of success in
a first mathematics course than an entrance examne &tlelMas, 1998; Dorner & Hutton, 2002;
Klein, 2007; Latterell & Regal, 2003; Schumache&#&ith, 2008). Cotter (2007) conducted an
in-depth study of placement processes finding pleece tests less effective. He compared using
the SAT test score and the students’ best gues§@MPASS test score with advice from a
professor, and the COMPASS test prescriptivelyifig that adding faculty advice yielded
statistically significant improvement in succesesaand potentially benefited student retention.
Additionally, Cotter (2007) found that high sch@PA did a better job than COMPASS at
measuring pre-entry characteristics.

To inform mathematics placement at the Universitjorthern Colorado, we used a
cyclical data-driven approach that involved invgating the relative importance of several
variables in predicting the success of first-ye@adents and using those results to making

changes to the advising process.



Incoming students at the University of Northern@atlo participate in an interview-
based mathematics placement process. During nelergtorientation, about 1,500 first-year and
transfer students attend one of about 12 mathesnadizising sessions. The leader of these 45-
minute sessions, which typically include 100-20@/s¢udents and 5-7 mathematics advisors,
engages new students in a discussion of someg#sat®r success in mathematics classes at the
university such as forming study groups, attendiiags regularly, taking advantage of free
tutoring services, and visiting instructors durofice hours. Each student completes a brief
background survey and then meets with one of thtbenzatics advisors — typically a graduate
student or instructor in the School of Mathematfalkences — who then recommends one or
more mathematics classes to fulfill major or gehedaication mathematics requirements for the
student. Though this face-to-face approach to madlties placement replaced a placement exam
in the mid-1990s, the outcomes of the placementga®had not been reviewed and faculty
expressed lingering questions about the success sastudents in their first mathematics class
at the university.

Beginning in the summer of 2007, and continuingtfoee years, we underwent a data-
driven review of our mathematics placement prote$a) better understand factors associated
with students’ success in their first mathematlasat the university, and (b) initiate changes to
the background survey and advising guidelines.olotig a review of literature and discussions
with faculty in the department, we definsgtcess for a student as obtaining a letter grade of C
or better in their first math class at the univigraind established the benchmark for successful
mathematics placement at 80-90% overall success ambong new students. In the sections that

follow, we describe how an initial study of succest®s using advising, enroliment, and grade



data informed recent changes to the advising f@mnasguidelines, and report some preliminary
indications of success rates following the recéinges.

Readers interested in the transferability of ondifigs regarding success rates and
outcomes of first-year advising recommendations waged to consider the setting. The
University of Northern Colorado is a mid-sized dwet granting university in the Mountain
West with a fall 2009 undergraduate enrollmenthadia 10,000, including about 2,400
freshmen. The university has origins as a libere-school that specialized in the preparation of
K-12 teachers, and elementary education remainsids popular major of incoming students.
Admission records indicate 63% of students are fen85% of students self-identify as
Caucasian, and over 90% of students are under&S péage. Though about one-quarter of
incoming students have not chosen a college mayer, 95% select a major by the end of their
first year. Common majors of students at the enth@if first year include elementary education
(14%), business or marketing (14%), health scie(t®¥%), communications/journalism (10%),
parks and recreation (7%), psychology (7%), sauances (7%), and visual/performing arts
(7%). First-semester mathematics classes are tiypiaaght by graduate students in the School
of Mathematical Sciences Ph.D. program in EducatiMathematics or by adjunct instructors.

Summer 2007 began of our review of the mathematlegsing process at the university.
Incoming students completed a background survey dtitems: name, date, student ID
number, major, ACT Math or SAT Math score, ACT Hslglor SAT Verbal score, free response
“most recent mathematics class” with (a) “taken(imgh school or college) designation, (b)
semester and year when the course was taken, pgh@e in the class, overall high school
grade point average, number of planned first-seenesilege credits, and number of weekly

hours planned for working at a job. (For more dstaee Fitchett, King, & Champion, in press.)



The free-response format of the most recent mathesnaass required mathematics advisors to
have specialized knowledge of the many high schahematics course titles, and students
often had difficulty estimating their planned wegellork hours (often replying “not sure”).
Mathematics advisors were instructed to conside¢haldata on the advising form, and to
ask students questions about their background eptéterences for a first mathematics class
when appropriate. Most importantly, advisors clgsellowed required mathematics classes
from the academic catalog descriptions of majorgases where major requirements indicated
any general education mathematics course, advisiwa/ed specific guidelines on ACT Math
scores in conjunction with the perceived sophiiticeof the students’ recent high school
mathematics class. The remaining advising form dasused inconsistently during the brief
face-to-face advising interviews, typically as @¢tal information for students with an

undeclared major or marginal ACT scores and recathematics grade.

Initial Study of Placement Outcomes

The studies reported here address two cyclicabreBequestions: (1) What background
variables available in the mathematics placemestgss best model student success in first year
mathematics courses?, and (2) What are the imp&deta-driven changes made to the math
placement process in terms of advising recommemutind student success rates?

Using summer 2007 advising forms and 2007-2008smenrollment and grade data for
a sample of 1,466 students, we found 73% (1,068)stfyear students took a mathematics class
in their first year, with an overall success rat@%.8% (810/1,068). Success rates were almost
identical in the fall (78.4% of 732) and spring s=ters (78.3% of 336), but students who took a
recommended class had a slightly higher succesdhan those who enrolled in a non-

recommend class (80% versus 72%, respectiy&})=8.1,p<0.01,d=.09). As shown in Figure



1, success rates in the four largest enrollmentsesuranged from 75.6% (Mathematics and
Liberal Arts) to 93.1% (Number and Operations fterientary Teaching Majors). The class
with the lowest success rate during the first yeas Intermediate Algebra, with just 41.7%

(15/36) of students who enrolled in the class pasiion the first attempt.
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Figure 1. First math course enrollment and sucss by course.

Our descriptive analyses of success rates by dable wariables on the background
survey focused on three background variables:ttidests’ most recent mathematics class prior
to coming to the university, letter grade in thatiise and ACT Math score. Success rates by
recent high school mathematics courses varied, stitthents who reported calculus as their most
recent mathematics course experiencing the higluesess rate (93% of 130), followed by pre-
Calculus (83% of 332), Statistics (81% of 14), Alggell (72% of 272), Trigonometry (71% of
95), and other (60% of 85). Students’ reportecttegtades in these recent classes showed a
consistent positive association with success irsthdents’ first mathematics class at the

university: success rates were highest for studehtse most recent grade in mathematics was



an A (88% of 244), followed by those with a B (82¥#13), C (72% of 292), D (64% of 77),
and F (50% of 16).

With indications of variables associated with sgscetes from descriptive analyses, we
addressed the first research question (on backdreamables that best model success in a first
mathematics class) by using logistic regressioh aitccess (pass or fail) as a function of our
various predictor variables: most recent math eotaken, letter grade in that course, high
school GPA, Math ACT, whether or not the studembked in a recommended course, and
which semester the first college math course weentéfall or spring). In our initial logistic
regression analysis of success in first math couvedit all 64 possible models (including or
excluding each of the 6 explanatory variables) asetl the AIC criterion (Akaike, 1976) for
model selection. Overall, the best-fitting modeluded the most recent math course taken, the
grade in that course, high school GPA, and whetiecourse was recommended or not. Neither
ACT math scores nor the semester the first couesetaken was useful in modeling success in

the students’ first mathematics class.
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Figure 2. Histograms of ACT-Math scores of sucadssfid unsuccessful students.
High school GPA had by far the largest effect andbds of success, with a 1 point
increase in high school GPA corresponding to aipted increase of a factor of approximately

7.4 in the odds of success, when all other varsabiere held constant. Considering the



variability in success rates by course (Figurert) eelatively large sample, we also performed
logistic regression analyses of success in the timest common courses — Mathematics and
Liberal Arts, College Algebra, and IntroductionStatistics. The findings from these within-
course models supported the overall findings (Tapléurther supporting the importance of high
school GPA and recent mathematics course gradesiables most associated with success

rates in first mathematics courses.

Table 1.
Sgnificant Variablesin Logistic Regression Models for Success by First Course
Recent Recent Followed
College Course Course Grade HS GPA Math ACT Rec. Term
Liberal Arts X X X
College Algebra X X X X
Intro Stats X X X
All Courses X X X X

Note. X = significant at thes =.05 criterion in a logistic regression model o€cess.

Follow-Up Study on Changes to the Placement Process

The findings from the initial study prompted usitake changes to the background
survey and advising guidelines for first-year math#@cs placement. Beginning in summer
20009, first-year students completed a modified gemknd survey (see the Appendix) that
included several changes based on the data imitied study, including a closed-response
guestion in which students circled all prior matla¢ics courses from among a list developed
from the open-response responses in the initidlysind grouped into three tiers based on
observed success rates from the initial studydtiteon, students were invited to list any
mathematics classes they were interested in tgkeng“Any preferences for your first math

class at UNC?”), and disclose any college mathemaii statistics credits they may have earned



prior to coming to the university. Finally, the pmpt asking for students’ anticipated college
major(s) included an “Undeclared, but maybe ...” opti

During an organizational meeting of mathematicsgraent advisors prior to the summer
2009 placement sessions, the researchers desthnbéxjistic regression results from the initial
study, the changes in the background form, andesigd several changes in the guidelines for
making recommendations. These included (1) deadeasphasis on ACT Math scores, (2)
increased emphasis on high school GPA and recghtdthool mathematics grades (with a B or
higher indicating a higher chance of success),(@pthterpretation of the 3-tier classifications of
high school mathematics coursework as indicatirayalaverage, about average, and below
average success rates. In addition, instructors emecouraged to recommend Statistics (instead
of College Algebra) for students with a major ttat not specify a specific mathematics general
education requirement and to recommend a local aamtyncollege class for students in need of
Intermediate Algebra. Students’ intended colleggomand associated catalog mathematics
requirements, remained the most important singdeepof background information during the
advising process.

As part of our ongoing evaluation of the mathensaplacement guidelines and students’
success rates, we obtained student enrolimentadataourse grades for all first year students
who took a mathematics class in their first senmggaé 2009) at the university. This, combined
with the survey responses from a random sampl®®fadvising forms, allowed us to develop
preliminary indications of some outcomes of the ified advising form and advising
guidelines. In particular, we were interested irethler success rates continue to support the
variables identified as being most associated sutttess in a first mathematics class and

whether recommendation and/or enroliment pattdigsexd with the new advising guidelines.
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Of the 41% of students in the sample who took éhroktss in fall 2009, all took a
recommended class (compared to 83% of the studetiis initial study). In addition, there were
some indications that the mathematics placementmeendations may have changed based on
the new advising guidelines. Though potentially thuehanges in catalog requirements or the
distribution of college majors (e.g., the universias recently seen increases in the number of
criminal justice majors), Introductory Statistieptaced College Algebra as the most
recommended course for students in the sample dBasthe first recommendations, Statistics
was most common (25% compared to 13% in the irstiadly), followed by Math and Liberal
Arts (19%), College Algebra (15%), Number and Opers (11%). In addition, just 3% of
students received Intermediate Algebra as a f=dmmendation.

The overall success rates in the follow-up samgas Wr.4% (223/288) among students
taking a mathematics class in their first semesthich was similar to the success rate among
the fall-enrolling students in the initial study8(4%). However, as indicated by Table 2, success
rates were higher than that observed in the irstiadly for Math and Liberal Arts, Introduction
to Statistics, Math for Elementary, and CalculuBhat is, it seemed likely that the overall
success rate remained similar to that in the irstiady due in large part to a much lower success
rate in College Algebra (59.7% versus 78.5% iniiteal study). Some plausible sources for this
observed decease in success rates in College Algeight include (1) instructional variation,

(2) an increase in students recommended into Gokdégebra who would have previously been
recommended into Intermediate Algebra, and (3)legtehanges at the university level that may

have changed the distribution of college majorsragrsiudents taking College Algebra.
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Table 2.

Success Rates by First Math Course in Fall 2009

First Math CourseN = 288) Count % Success
Math and Liberal Arts 69 82.6
Intro Statistics 63 84.1
College Algebra 62 59.7
Math for Elementary 36 97.2
Calculus | 29 75.9
Other 29 65.5

Following the indications from the initial studyattvecent mathematics classes were
associated with varying success rates, we investighe potential predictive validity of the 3-
tier categorization of high school mathematicss#asas an indicator of success rates. As given
in Table 3, success rates within the tiers appearedrrespond well to the descriptions
developed in the initial study — students with receathematics classes in Tier 1 had a below
average success rate in their first college mathiemelass (66.7%), and those in Tier 3 had a
higher than average success rate. Interestingigests whose most recent mathematics class
was in Tier 1 had a much higher success rate it dadl Liberal Arts (27/33) than in College
Algebra or Statistics (12/29). This suggested shadents with less high school mathematics
preparation might be best prepared for Math anéabArts as their first college mathematics
class. In addition, the relatively low success mat€ollege Algebra was consistent across the

tiers of recent math, with students with Tier 3gamation having just a 65% (19/29) success rate.
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Table 3.

Success Rates by Most Recent Math Class in Fall 2009

Most Recent Math Classl(= 265) Count % Success
Tier 1 (General or Basic Math, Pre-Algebra, 75 66.7
Geometry, Algebra I/1l, Trigonometry) '

Tier 2 (Integrated 1-4, TGA, Statistics, Prob & 40 775
Stats, Discrete Math) '

Tier 3 (Pre-Calculus, Calculus, AP Calculus, AP 150 833

Stats, Diff Eq, College Algebra, Linear Algebra)

As in the initial study, we modeled success (pa8¥#és a function of background
variables (including high school GPA, ACT Math ssxyrrecent math grade, and the tier of
recent math class) using logistic regression. H@ayesnly high school GPA exhibited
significant effects on success ratps<(.001), with recent high school mathematics class
approaching significancg €.08). Due to the much smaller sample size irfadhew-up study,
and concomitant reduction in statistical power,amécipated a reduced sensitivity in the logistic
regression modeling to hypothesized associationd®st background variables and success
rates. Thus, we considered the logistic regressiodeling results to be in line with our earlier
findings, and we expected additional confirminglmconfirming evidence as we gather
additional enrollment and advising data in futwesearch.

Conclusion

We hope our experiences using advising, enrollnard,grade data at the University of
Northern Colorado to inform changes to first-yeatinematics placement can serve as a model
for institutions interested in implementing mathéicsgplacement procedures that do not rely
solely on placement exams. We entered the longiaidinvestigation of our mathematics

placement process with several long-standing gumegland procedures and the simple motive
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of comparing our guidelines to enroliment and grdal&. Using logistic regression and cross-
tabulations, we identified several variables tlmatld be better utilized as indicators of the
chances a student will succeed in their first matdtecs class at our university. These indicators,
which included high school GPA as well as the ¢ieand letter grade obtained in recent high
school mathematics coursework, led to a changeiimadvising guidelines. Though we have yet
to obtain our overall goal of 80-90% success retdigst-year mathematics classes, we believe
the cyclical data-driven process will help us ¢getré soon.

Though we believe many contextual variables makairigs from our study problematic
at other universities — and we leave it to reatterompare and contrast their institution to ours
— we believe there are several findings from owlysis of success rates that may transfer to
other institutions. These include (1) increasingéimphasis on high school GPA and recent high
school math grade in mathematics placement gueekehvith ACT Math score as a secondary
indicator, (2) encouraging students to follow athgsrecommendations, (3) suggesting either
fall or spring terms for a student’s first matheiwstlass, and (4) considering recommending
statistics over college algebra for students wittspecific mathematics requirement associated
with their chosen major. Some implications for plaent processes might include training
undergraduate “team leaders” who can help with sewlent registration, and the possibility of
communicating placement guidelines through the ensity website and informational brochures
to incoming students prior to placement. Sinceregearch results were preliminary, we believe
follow-up inquiry is needed, such as incorporatip@glitative data from faculty, students, and
“team leaders” involved in placement, measuringléngntation of guidelines, considering the
percentage recommendations not determined by naajdrinvestigating the possibility of

including a placement exam in conjunction with mtew procedures.



14

References

Akaike, H. (1976). An information criterion (AICMath Science, 14, 5-9.

Britton, S., Daners, D, Steward, M. (2007). A Ssd6essment test for incoming students.
International Journal of Mathematics Education in Science, 38, 861-868.
doi:10.1080/00207390701558534

Byrd, K. L., MacDonald, G. (2005). Defining collegeadiness from the inside out: First-
generation college student perspectivasnmunity College Review, 33, 22-39.
doi:10.1177/009155210503300102

Cotter, J. W. (2007)Comparison of three methods of placement and advisement into freshmen
mathematics cour ses and the effect on eventual degree completion (Doctoral dissertation,
Georgia State University, Atlanta, GA). Retrieveai
http://etd.gsu.edu/theses/available/etd-03272007-
122444/unrestricted/cotter_john_w_200705_phd.pdf

delMas, R. (1998). When No Relationship is a Goethfonship. Paper presented at Amaual
Forum of the Association for Institutional Research, Minneapolis, MN. ERIC Document
Reproduction Service No. ED 394 458.

Dorner, C., Hutton, I. (2002). Mathematics placettests and gender bigSollege and
University, 7, 27-32.

Klein, A. (2007). Researchers see college berfgiitstudents who took AP coursé&slucation
Week, 26, 7.

Latterell, C., Regal, R. (2003). Are placementddst incoming undergraduate mathematics

students worth the expense of the administratinPus. Problems, Resources, and



15

Issues in Mathematics Undergraduate Sudies, 13, 152-165.
doi:10.1080/10511970308984054

Lewallen, W. (1994). Multiple measures in placenreebmmendations: An examination of
variables related to course succé&&port for Antelope Valley College, Lancaster, CA.
ERIC Document Reproduction Service No. ED 381 186.

Mzumara, H., M. Shermis. (2001). Executive SummBrgdictive validity of placement test
scores for course placement at IUPUI. Accessed 11 June 2008. Indiana University
Purdue University Indianapolis, Indianapolis, IN.
http://assessment.iupui.edu/report/report.html.

Sawyer, R. (1996). Assessing the effectivenesswifse placement. Paper presented at the
Annual Meeting of the National Council on Measurement in Education, New York, NY.
ERIC Document Reproduction Service No. ED 394 458.

Schumacher, P., Smith, R. (2008). A comparisornadfement in first-year university
mathematics courses using a paper and online asinaition of a placement test.

International Electronic Journal of Mathematics Education, 3, 193-203.

Authors’ Note
We thank Dr. Stephanie Fitchett for her initiatigajdance, and analysis throughout our
research and Brian Rogers and Courtney Lang far dlssistance in data entry. This work was

supported in part by the University of Northern @abo.



Appendix — Summer 2009 Advising Form

Please provide the following information for mattvising. The School of Mathematical
Sciences collects this information to help us aslyisu and to help improve the advising process
for future students.

Name Date

Bear #

College Major(s) oUndeclared, but maybe

What best describes the math classes you comptetéisH SCHOOL (or after)? (Circle ALL

that apply.)
General Math/Consumer Mathintegrated Math 1 (IMP/CPM) Pre-Calculus
Basic Math 1, 2, 3, or 4 Integrated Math 2 (IMP/CPM) Calculus
Pre-Algebra Integrated Math 3 (IMP/CPM) AP Calculus (A/B)
Informal Geometry Integrated Math 4 (IMP/CPM) AP Calculus (B/C)
Geometry Trig/Geom./Algebra (Combined) AP Statistics
Algebra 1 Statistics Differential Equations
Algebra 2 Probability & Statistics College Algebra
Trigonometry Discrete Math Linear Algebra

wPlease put an asterisk (*) next to your most rep®ath class above.

When did you take your most recent class? (e.gingg009)
What was the letter grade in your most recent rot$s? (e.g., B+)

Overall High School GPA ACT (or SAT) Math Score

Have you earned any college credits in math oistizd? YES NO  if yes, in what class?

Any preferences for your first math class at UNC?

We Recommend: OExempt from LAC
Preparatory Intro LAC Calc Prep w/ Trig Calculus
MATH 023 MATH 120 MATH 125 MATH 176
Intermediate Algebra Math & Liberal Arts  Plane Trigonometry Topics in Calculus
MAT 106 (at AIMS) STAT 150 MATH 127 MATH 171
Survey of Algebra Intro. Statistical Elementary Functions Calculus for Life
Analysis Sciences
MATH 124 MATH 131
College Algebra Calculus |
MATH 181 MATH 132
Fund of Math | Calculus li

(Num/Ops)



