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ABSTRACT 

ZEYNEP SEVEN DEMIR 

PREDICTING SUCCESS IN A MATHEMATICS COURSE 

MAY 2017  

Retention is a genuine, valid apprehension for many two-year colleges and four-

year universities in the United States.  As many as 1 in 3 first-year students do not return 

for the sophomore year due to variety of reasons, such as family problems, insufficient 

funds, and academic challenges (Freshman Retention Rate, n.d.).  Given these 

circumstances, many successful colleges, including Texas Woman's University (TWU), 

look to implement strategies to maximize the retention rate by admitting students who 

appear to have a good chance of success.  

There are several methods to identify and better understand the impact of various 

practices on college student retention and persistence to degree completion. A critical 

step on the student pathway is the placement of students as they enter college.  To 

facilitate the journey, an advisor can use the scores from a placement exam to decide an 

appropriate level course for a student’s current knowledge level.  Validity studies for 

these exams are essential for institutions to evaluate cut-off scores and ensure students 

are appropriately placed in courses that match their skill level.  The main purpose of this 

study is to compare the efficacy and effectiveness of two placement tests: Accuplacer and 

the historical placement rules of the TWU departmental Mathematics exam.  Efficacy   
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refers to whether a product or intervention has a positive influence on learning, such as 

reducing wrong answers, increasing retention rates, or raising final exam scores. 

Effectiveness measures the size of the educational development of a product or 

educational intervention. After the analysis, we can determine whether Accuplacer or the 

TWU departmental Mathematics exam is the better prognosticator for placing students in 

classes appropriate for their skill level.   
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CHAPTER I 

INTRODUCTION 

Placement testing can be traced back to Harvard University, as early as the mid-

1600s, where informal evaluations were given in the subject of Latin.  According to John 

Wilson (Wilson, 1931): 

The chief function of the placement examination is prognosis. It is expected to 

yield results which will enable the administrator to predict with fair accuracy the 

character of work which a given individual is likely to do. It should afford a 

reasonable basis for sectioning a class into homogeneous groups in each of which 

all individuals would be expected to make somewhat the same progress. It should 

afford the instructor a useful device for establishing academic relations with his 

class at the first meeting of the group. It should indicate to the student something 

of the preparation he is assumed to have made for the work upon which he is 

entering and introduce him to the nature of the material of the course (p. 5). 

The College Board website claims that, “more than 1,300 secondary and 

postsecondary institutions select the College Board’s Accuplacer to administer over 

seven million exams per year” (Accuplacer: Revealing, 2009). Placement testing, 

combined with remedial education, has been a solution for the students that do not meet 

the academic expectations of college officials.  Entrance examinations and the College 

Board allowed colleges and universities to create requirements and shift the burden of 
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remedial education to junior colleges in the early 20th century and later to the community 

and technical colleges. Texas has been at the vanguard of working with high schools to 

introduce students early to placement tests and using multiple measures for assessing 

remedial needs.   The vast majority of colleges and universities require students to take 

placement tests like the Accuplacer, and more than half the students who take those tests 

are placed in remediation, causing various dilemmas for community colleges. The 

College Board points to an independent study it commissioned that found a moderate to 

strong correlation between Accuplacer test scores and subsequent course performance, 

which claims that "the main goal of placement testing is to enroll students in courses that 

are aptly challenging to their current knowledge level so as not bore or frustrate, which 

can lower motivation to perform" (Mattern & Packman, 2009).  The present study will 

compare the differences and similarities of the former Texas Woman’s University’s’ 

departmental placement exam and the recently used Accuplacer placement exam along 

with their cut-off scores (a chosen boundary or point of termination) for the Financial and 

Quantitative Literacy (Math 1013) course. 

In Chapter II, the thesis explores past literature search and analysis of the former 

departmental placement exam and the current placement exam, Accuplacer.  In Chapter 

III, we discuss the student data types and the implementation of population proportion for 

the data.  Next, in Chapter IV, we analyze data from the placement exams, using SAS, 

against the data from students who met the criteria (making at least the cut-off score: the 

minimum scores used to divide students into higher and lower level courses) to take Math 



 3   
 

1013 and completed the course between 2007 and 2010.  And finally in the conclusion, 

we weigh the results from our analysis, proving the efficacy of the Accuplacer against its 

TWU placement exam predecessor, and answer the question, “does one of the tests serves 

as a better prognosticator in terms of placing students in courses that maximize their 

success?”
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CHAPTER II 

LITERATURE REVIEW 

Like numerous departments from other colleges, the Department of Mathematics 

and Computer Science at TWU recently used the mathematics portion of the Accuplacer 

as a placement exam. Accuplacer was adopted in 2009, replacing a departmental 

mathematics placement exam. This chapter discusses the departmental placement exam 

and the new, ubiquitous Accuplacer exam, focusing on the differences and similarities 

between the two exams.  Furthermore, we expound on the common types of predictive 

modeling practiced in the post-secondary institutions.   

The departmental mathematics placement exam was meticulously created by the 

math faculty members from Department of Mathematics and Computer Science at TWU. 

The departmental placement exam included three parts: Basic Math (B), Algebra (A), and 

Calculus (C). Initially, these exams were given as pencil and paper tests prior to the 

introduction of the online Accuplacer. Basic Math, Algebra, and Calculus were given 

separately based on students’ major choice. For example, if a student wanted to major in 

non-science (Dental Hygiene, History and Government, and Nursing, etc.), he or she was 

given Basic Algebra test. Similarly, a science major student (Biology, Computer Science, 

Kinesiology, etc.) was given an Algebra test first. Based on the student’s Algebra score 

(if scored less than 8), he or she was given the Basic Math exam, or he or she was given 

the Calculus exam if he or she scored greater than or equal to 15.   The following are 
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sample questions from the TWU departmental mathematics placement exam, Algebra 

Placement Test: 

Simplify  

1. 
85

83
 

a. 16 

b. 64 

c. 
1

64
 

d. none 

2. (2𝑥2 − 5)2 

a. 4𝑥4 + 25 

b. 4𝑥4 – 25 

c. 4𝑥4 – 20𝑥2 + 25 

d. 4𝑥4 – 10𝑥2 - 25 

Factor 

3. 𝑥2(2𝑥 + 1)3- 4(2𝑥 + 1)2 

a. (2𝑥 + 1)2(2𝑥3 − 3) 

b. (2𝑥 + 1)2(2𝑥3 + 𝑥2 − 4) 

c. (2𝑥 + 1)3(𝑥2 − 4) 

d. (2𝑥 + 1)3(𝑥2 + 𝑥 − 4) 

e. none 
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Solve 

4.  4(𝑥 + 2) −  𝑥2 + 2 = 6 𝑥 −  𝑥2) 

a. 2 

b. 0 

c. 1 

d. 5 

e. none 

On the other hand, the current Accuplacer test is a computerized placement test 

(CPT), created to determine the level of academic readiness for college-level courses in 

the areas of English and math, focusing on reading, writing, and mathematics.  

Accuplacer is widely used in Alaska, California, Colorado, Connecticut, Delaware, 

Florida, Maine, Maryland, Massachusetts, Minnesota, Mississippi, Nevada, New 

Hampshire, New Jersey, New York, North Carolina, Pennsylvania, Rhode Island, Texas, 

Utah, and Vermont (The College-Level Examination Program).  These tests were 

developed with the help of faculty committees and are produced by the College Entrance 

Examination Board. Accuplacer was created to be a robust test tool that gives students 

immediate scores and placement suggestions. The test (a) utilizes adaptive testing, i.e., 

the sequence of questions and questions themselves will vary, based on prior question 

responses, (b) is a multiple choice format, and most importantly, (c) it is untimed.  

Accuplacer assessment is not an entrance exam, and results of the test do not affect 

admission to the school. The mathematics portion covers operations with whole numbers 
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and fractions, in particular - subtraction, addition, multiplication, division, and 

estimation.  Additionally, decimals, percent problems, recognition of decimals, fractions, 

and percent equivalencies are also included in the test. And lastly, it is comprised of 

applications and problem solving, particularly rate, percent, and measurement problems, 

simple geometry problems and distribution of a quantity into its fractional parts.  While 

calculators are allowed to complete math exam problems in high school or on the 

SAT/ACT, calculators, dictionaries, and other materials are not permitted in the testing 

area while taking the Accuplacer exam.  The following are sample questions from the 

Accuplacer arithmetic section (Accuplacer Sample Questions for Students): 

1.  2.75 + .003 + .158 = 

A. 4.36  

B. 2.911  

C. 0.436  

D. 2.938  

2. A box in a college bookstore contains books, and each book in the box is a 

history book, an English book or a science book. If one-third of these 

books are history books and one-sixth are English books, what fraction of 

the books are science books?  

 

A. 1/3  

B. 1/2  

C. 2/3  

D. 3/4 
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3.        Which of the following list of numbers is ordered from least to greatest?  

 A. -1/3, -1/6, 1/6, 2/3 

 B. -1/6, -1/3, 1/6, 2/3 

 C. -1/6, -1/3, 2/3, 1/6 

 D. 2/3, 1/6, -1/3, -1/6  

4.  2x (3x – 1) - (3x – 1) =  

A. 6x (3x – 1) 

B. (2x + 1) (3x + 1)  

C. (2x + 1) (3x – 1)  

D. (2x – 1) (3x + 1)  

E. (2x – 1) (3x – 1)  

 

Remedial courses are available to students who score poorly on the mathematics 

portion of the placement exam. At TWU, Math 1113 and Math 1123 are remedial courses 

required to proceed with registration for college-level mathematics courses.  Moreover, 

students who aren’t considered ready for college readiness level, but are within an 

acceptable range, will be permitted to register for a specific core mathematics course, 

with the caveat that the students sign up for supplemental instruction and tutoring. 

For espousing the many placements exams as a good predictor of placing students 

in appropriate college courses, various predictive modeling techniques can be utilized to 

analyze the student data.  The following segment illustrates a couple of approaches to 
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statistically analyze the data while providing deeper insights into prior papers that 

focused on the similar topic.  The first example of predictive modeling is logistic 

regression, often implemented in the field of medical and social sciences.  Developed by 

D.R. Cox in 1958, the binary logistic model is applied to predict a binary response, 

predicated on one or more predictor variables, i.e., for estimating the parameters of a 

qualitative response model.  The probabilities demonstrating the possible results of a 

single trial are modeled, as a function of the predictor variables, using a logistic function.  

It is used specifically to target problems with binary variables or polytomous logistic 

regression, as well as measuring the relationship between the categorical dependent 

variable and one or more independent variables (Walker & Duncan, 1967).  A study by 

TWU’s former student, Paul Burton Ingram (Ingram 2008), demonstrates the use of 

logistic regression in his thesis.  He focused on producing and comparing dichotomous 

logistic regression models with polychotomous ordinal logistic regression models in 

predicting student’s performance in core mathematics course.  He discovered that there 

were differences in the explanatory variables and the predictive accuracy of the models.  

Moreover, there were disparities in predictive accuracy when comparing dichotomous to 

polychotomous models predicting the same course. 

The second predictive modeling example utilized in an earlier publication 

(Ryabko, Stognienko, & Shokin, 2004), is the chi-square modeling.  It is a statistical 

hypothesis test to ascertain whether the sampling distribution of the test statistic is a chi-

squared distribution, including a test to determine asymptotically true.  This kind of 
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modeling can determine if there are substantial differences amongst the expected 

frequencies and the observed frequencies in one or more categories.  One pragmatic 

application of the chi-square modeling is in cryptanalysis, where it is used to compares 

the distribution of plaintext and decrypted ciphertext.  Due to this reason for Eva Beata 

Zamirski, another former TWU student, to implemented the chi-square modeling on the 

data to support her professional paper of exploring the causes for high failure rates among 

students taking College Algebra at TWU. From three semesters worth of data, she 

postulated that there was a relationship between the placement test scores and the 

students’ grades in College Algebra, concluding that satisfying the prerequisites is not 

independent of the letter grades in College Algebra (Zamirski, 2006). 
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CHAPTER III 

DATA EXPLORATION 

Defining success in any course is an arduous task, because of the many 

unexpected reasons, such as students’ environment, lengthy commuting time, stress, 

workload, etc.  The expectation for the Mathematics and Computer Science Department 

and its faculty is to see successful course completion with a grade of C or higher for the 

mathematics courses taken, unlike unsuccessful completion which is defined as grades of 

D or F or withdrawing regardless of whether this occurs with or without academic 

penalty (WF and W, respectively). It is expected that the score from the placement exam 

will provide valid and reliable information to an advisor for placing a student into correct 

mathematics classes while minimizing the failure rates.  This chapter elaborates on the 

types of student data collected and the implementation of population proportion to 

analyze the data. 

A good sample that represents the population is essential for the data analysis to 

be effective.  For the purpose of this research, we looked at college level mathematics 

courses.  The course focus in this thesis will be the Math 1013, one of the basic college 

level and core curriculum mathematics courses at TWU. The Math 1013 course requires 

skills needed to solve quantitative problems. Topics covered in this class include: 

a. logic and problem solving 

b. quantitative information
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c. financial management 

d. basic probability and statistics  

e. and other applications of mathematics 

  Completion of the Math 1013 class will be evaluated against the cut-off score for 

the math portion of Accuplacer (56-64), and the former departmental mathematics 

placement (16 or greater on Basic Exam) exam. The advising process, based on such pre-

tests, is a process that is prone to errors that misclassify students. Such errors are termed 

“false positives,” which means placing a student at a level which is beyond their current 

capabilities, and “false negatives,” which means placing a student at a level beneath their 

current abilities. For example, a student above the cut-off score may not be successful in 

the higher level mathematics class.  Whereas a student placed into a lower level 

mathematic course may not be appropriately challenged.   

 Table 3.1 below shows possible correct and incorrect decisions for Math 1013.  

Table 3.1 

Decision Table 

CONCLUSION 

(DECISION) 

MATH 1013 is correct  

placement 

MATH 1013 is not correct 

placement.   

Place in Math 1013 

Course 

Correct Decision Incorrect Decision 

Not Place in Math 1013 

Course 

Incorrect Decision Correct Decision 

 

The de-identified data for this study were gathered from the students who met the 

criteria (making at least the cut-off score) to take Math 1013 and completed the courses, 



 13   
 

in the fall and spring semesters, from 2007 to 2010.  The data from the 2007 and 2008 

academic years included the students’ who were placed in the Math 1013 class according 

to the Departmental Placement Exam score. The data from the 2009 and 2010 academic 

years included the students who were placed in the Math 1013 class according to their 

Accuplacer Exam score. Before the analysis, duplicate data were deleted, and we 

excluded the students who have taken the Math 1013 class previously, or who were 

exempted from placement testing.  Students are not allowed to enroll for college-level 

courses without proof that they have the basic skills needed to succeed in subsequent 

classes.  For the mathematics portion, the minimum required criteria to be exempt from 

the placement exam are as follows:  19 or higher on the ACT math; 500 or higher on the 

SAT math; 2200 or higher on the TAKS (11th grade) math; and 3750 or higher on the 

STAAR Algebra II.   

By the same token, students are also exempt if they meet any of these criteria: 

1. non-degree or non-certificate seeking students 

2. hold an associate or baccalaureate  degree from an accredited institution 

3. passed placement exam from other Texas public institution 

4. enrolled in a certificate program of one year or less 

5. served on active duty as a member of the armed forces of the U.S., the 

Texas National Guard, or reserve component of the armed forces, serving 

for at least three years prior to enrollment 
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6. hold an honorable discharge, retirement, or release from active duty (on or 

after Aug. 1, 1990) as a member of the aforementioned armed forces and 

Texas National Guard 

7. completed college-level coursework, approved by TWU 

8. completed a college prep course under TEC 28.014 is exempt for a period 

of 12 months from the date of high school graduation (TSI Information, 

n.d.) 

To assist with the evaluation of the effectiveness of the placement exam, 

Statistical Analysis Software (SAS Institute, 2001), a widely-known software, was 

utilized in a decision theoretical context to determine whether the students placed 

correctly into Math 1013 classes. Since comparative studies are very common and easy to 

understand, we are to compare proportions of two groups that have the same 

characteristic. For our study, we will use population proportion to analyze whether there 

is a difference between the departmental mathematics placement exam and Accuplacer 

exam. Population proportion refers to a percentage value associated with a population 

and in this case, it will be applied to two populations proportion for comparative studies.  

Since “inferences about the proportions are based on sampling distributions that are 

approximately normal” (Moore, McCabe, & Craig, 2007), the normal curve was adopted 

as the model distribution for the comparison of proportions between testing groups. To 

build our model, we first need to identify our variables. Let the TWU departmental 

placement exam be Population 1, and the Accuplacer exam be Population 2 and the two 
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population proportions of “successes” are 𝑝1 and 𝑝2 respectively. The data consist of two 

independent simple random samples (SRSs) of size 𝑛1from population 1 and 𝑛2 from 

population 2. We will represent “success” as students who received A, B, or C in Math 

1013, and “failure” as students who received D, F, W, or WF.   

Table 3.2 shows grades completions for Population 1, indicating those who took 

the departmental placement exam and completed Math 1013 during 2007 to 2008 (𝑛1 =

158). 

 

       Table 3.2 

        2007 - 2008 Grade Distribution  

Grade Frequency Percent 

Cumulative 

Frequency 

Cumulative 

Percent 

A 61 38.61 61 38.61 

B 59 37.34 120 75.95 

C 25 15.82 145 91.77 

D 10 6.33 155 98.10 

F 2 1.27 157 99.37 

W 1 0.63 158 100.00 

 

Table 3.3 displays grades completions for Population 2, who took the Accuplacer 

exam and completed Math 1013 in 2009 and 2010 (𝑛2 = 280).  
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       Table 3.3 

       2009 – 2010 Grade Distribution 

Grade Frequency Percent 

Cumulative 

Frequency 

Cumulative 

Percent 

A 62 22.14 62 22.14 

B 99 35.36 161 57.50 

C 69 24.64 230 82.14 

D 23 8.21 253 90.36 

F 24 8.57 277 98.93 

W 2 0.71 279 99.64 

WF 1 0.36 280 100.00 

 

Next, we will identify the success groups in population 1 and population 2.  Let 

𝑥1 be the count of success from population 1, and 𝑥2 be the count of success from 

population 2. The symbol �̂�1(“p hat 1”) is used to estimate Population 1 proportion, and  

�̂�2 (“p hat 2”) is used to estimate Population 2 proportion: Then population proportions 

can be calculated as:  

�̂�1 =  
𝑥1

𝑛1
⁄  

�̂�2 =  
𝑥2

𝑛2
⁄            

We will use the difference between two sample proportions to compare the two 

populations. In general, we will use 

 �̂�1-�̂�2  to estimate population proportion of  𝑝1-𝑝2 
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Under certain circumstances (𝑛1*𝑝1, 𝑛1*(1-𝑝1), 𝑛2*𝑝2, 𝑛2*(1-𝑝2) ≥5) then we 

can say our sample distribution of the sample proportion differences are approximately 

normal. 

Notationally; 

�̂�1-�̂�2~(𝑝1-𝑝2,√
𝑝1∗(1−𝑝1)

𝑛1
+

𝑝2∗(1−𝑝2)

𝑛2
 ) 

For confidence interval:  

�̂�1-�̂�2±𝑍𝛼
2⁄ ∗ √

𝑝1∗(1−𝑝1)

𝑛1
+

𝑝2∗(1−𝑝2)

𝑛2
 

Testing the difference between proportions, we need to do the following steps:   

1. Set hypothesis test and identify the claim 

2. Select appropriate test statistics 

3. Make the decision  

Hypothesis testing about 𝑝1and 𝑝2: 

𝐻𝑜: 𝑝1 = 𝑝2     

𝐻𝑎: 𝑝1 ≠ 𝑝2     

α = 0.05 

 

Test Statistics: 

Since we have large sample size, as  𝑛1 ≥ 30 and 𝑛2 ≥ 30, we will use z test statistics as 

opposed to t statistics.  
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Since 𝑝1and 𝑝2 are unknown,  �̂� is the pooled estimate value which combines or pools the 

information from both samples of the common value of 𝑝1 and 𝑝2: 

�̂� =
(𝑥1 + 𝑥2)

(𝑛1 + 𝑛2)
 

 

𝑧 =  
(�̂�1 − �̂�2) − (𝑝1 − 𝑝2)

√�̂�(1 − �̂�) ∗ (
1

𝑛1
+

1

𝑛2
)

 

 

Decision: 

Since this is a two-tailed test, using a z statistic at a 5% level of significance; we reject 

the Null Hypothesis (𝐻𝑜) if z < -1.960 or if z > 1.960 by using rejection regions, 

confidence interval, or using p - value (if p-value < α: reject the Null Hypothesis, p-value 

> α: fail to reject the Null Hypothesis)
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CHAPTER IV 

DATA ANALYSIS  

This chapter illuminates on the implementation of using population proportion to 

analyze the collected student data.  The majority of the appropriate descriptive statistics 

were performed using z test statistic, if the sample size was greater than or equal to 30.  

The results of the analysis show the statistical proof needed to validate the primary 

question of determining which placement test is the superior predictor of placing students 

in the appropriate classes. 

Table 4.1 shows 2007 and 2008 departmental placement exam frequency 

distribution of students’ data in Math 1013.  The count of success for population 1 is  𝑥1 

= 145 and the sample size is 𝑛1 = 158.  Therefore, we can calculate the sample proportion 

of  �̂�1 as: 

�̂�1 =  
𝑥1

𝑛1
⁄  

      = 145/158 

      = 0.9177
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Table 4.1 

Departmental Placement Exam Frequency Grade Distribution 2007- 2008  

RESULT Frequency Percent 

Cumulative 

Frequency 

Cumulative 

Percent 

FAILURE (D,F,W,WF) 13 8.23 13 8.23 

SUCCESS (A,B,C) 145 91.77 158 100.00 

 

Likewise, Table 4.2 shows 2009 and 2010 Accuplacer exam frequency 

distribution of students’ data in Math 1013.  The count of success for population 2 is 𝑥2 = 

230 and the sample size is 𝑛2 = 280.  Therefore, we can calculate the sample proportion 

of �̂�2.as: 

�̂�2 =  
𝑥2

𝑛2
⁄  

     = 230/280 

     = 0.8214 

 

Table 4.2 

Accuplacer Exam Frequency Grade Distribution 2009 - 2010 

RESULT Frequency Percent 

Cumulative 

Frequency 

Cumulative 

Percent 

FAILURE (D,F,W,WF) 50 17.86 50 17.86 

SUCCESS (A,B,C) 230 82.14 280 100.00 

 

The standardized difference is approximately normal when 𝑛1 and 𝑛2 are greater 

than or equal to 30. For the large-sample confidence interval, we used sample estimates 
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as a substitute for the unknown population values of 𝑝1 and 𝑝2. We need to obtain pooled 

estimate, denoted by �̂�, because it amalgamates information from both samples. 

�̂� =
(𝑥1 + 𝑥2)

(𝑛1 + 𝑛2)
 

    = (145+230) / (158+280) 

    = 375 / 438 

    = 0.8561 

Hypothesis testing about 𝒑𝟏and 𝒑𝟐: 

To determine whether two proportions are different or the same, the two-tailed test is 

utilized.   

𝐻𝑜 represents whether the proportion of success for students who took the Departmental 

Placement Exam is same as the proportion of success for students who took the 

Accuplacer Exam. 

𝐻𝑎 represents whether the proportion of success for students who took the Departmental 

Placement Exam is not the same as the proportion of success for students who took  the 

Accuplacer Exam. 

𝐻𝑜: 𝑝1 = 𝑝2 implies 𝑝1-𝑝2 = 0     

𝐻𝑎: 𝑝1 ≠ 𝑝2implies 𝑝1-𝑝2 ≠ 0 

Test Statistics: 

𝑧 =  
(�̂�1 − �̂�2) − (𝑝1 − 𝑝2)

√�̂�(1 − �̂�) ∗ (
1

𝑛1
+

1

𝑛2
)

 



 22   
 

Since we assume the null hypothesis is true then (𝑝1 − 𝑝2) = 0 

𝑧 =  
(0.9177 − 0.8214) − (0)

√0.8561(1 − 0.8561) ∗ (
1

158
+

1

280
)

 

   = 2. 757 

 

Decision: 

Rejection Region 

Using a z statistic at a 5% level of significance to support the two-tailed test, the 

resulting test statistic of z = 2.757 is greater than the critical value of 𝑍𝛼
2⁄  = 1.96, leading 

to the conclusion that the test statistics (z) is in the rejection region. Therefore, we reject 

the Null Hypothesis, where the proportion of success for students who took the 

Departmental Placement Exam is different from the proportion of success for students 

who took the Accuplacer Exam. 

      

 P – Value 

𝐻𝑎 ≠ 0 

P value = 2* P(z≥ |test statistic| )  

  = 2*P(z ≥ 2.757) 

  = 2* (1-0.9971) 

  = 0.0058 
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Since P value of 0.0058 is < α (α = 0.05), we also reject the null hypothesis where the 

proportion of success for students who took the Departmental Placement Exam is 

different from the proportion of success for students who took the Accuplacer Exam. 

 

Confidence Interval 

           Critical value:  𝑍𝛼
2⁄  = 1.96 

�̂�1-�̂�2±𝑍𝛼
2⁄ ∗ √

𝑝1∗(1−𝑝1)

𝑛1
+

𝑝2∗(1−𝑝2)

𝑛2
 

(0.9177 − 0.8214)±1.96 ∗ √
(0.9177∗(1−0.9177))

158
+

(0.8214∗(1−0.8214))

280
 

95 % confident interval is (0.0343, 0.1583) 

In repeated sampling approximately 95% all intervals would contain the true population 

proportion and 5 % will not.  

 

Analysis of the odds of success given the exam taken is illustrated in Appendix B. 

Students who were placed by the Departmental Placement Exam were over twice as 

likely to succeed in their mathematics course. The confidence interval analysis suggests 

that the Departmental Placement Exam students might be at least four times more likely 

to succeed.
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CHAPTER V 

CONCLUSION 

Many colleges and universities in the United States want to improve retention 

rates. Many successful colleges, including Texas Woman's University (TWU), do this by 

admitting students who appear to have good chances of success. One of the ways that a 

university can affect the retention is to advise students to enroll in those classes for which 

their skill level is appropriate. The expectation for the Mathematics and Computer 

Science Department and its faculty is to see successful course completion with a grade of 

C or higher for the mathematics courses taken. It is hoped that the score from the 

placement exam will provide valid and reliable information to an advisor for placing a 

student into correct mathematics classes. 

The purpose of this paper was to predict student success in mathematic classes by 

comparing the efficacy of placement when using Accuplacer exam to the efficacy and 

effectiveness of the historical placement rules involving the departmental Mathematics 

exam. We chose Financial and Quantitative Literacy (Math 1013) for the years 2007 – 

2010, and used two population proportions to do our analysis.  

The collected and analyzed data reveal significant relationship between the 

Departmental placement exam and the students’ scores for Math 1013.  All the results 

from the three tests are as follows:
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1) the rejection region (z = 2.757 is greater than the critical value of 𝑍𝛼
2⁄  = 1.96),  

2) the P value (P = 0.0058 is less than α (α = 0.05)), and   

3) the confidence interval (95 % confident interval is (0.0343, 0.1583)). 

Therefore, we can conclude that the placement validity of the Departmental Placement 

exam approach exceeds the Accuplacer exam, proving that there is a difference in 

students’ success when using Departmental Placement exam vs. Accuplacer exam.  

 Further analysis is recommended to determine whether the retention and 

graduation rates are higher in colleges that use the Accuplacer exam than colleges that 

practice alternative placement testing or have no placement testing at all.  Ultimately, 

post-secondary placement methods play a critical role in facilitating students in their 

transition from high school to college.  Equally important, the development of these 

essential placement exams must continue, adapt, and evolve, for the benefits of colleges 

and students.   
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SAS CODE 

 

 

/* This Statistical Program was Created by Zeynep Seven Demir for the Thesis: 

   "PREDICTING SUCCESS IN A MATHEMATICS COURSE" */ 

 

 /* Taking any tab delimited file and writing import code using the filename option. */ 

    

    

Filename plc07 'E:\Thesis \Tab_Files\2007_PLC_1013.txt'; 

Filename plc08 'E:\Thesis\Tab_Files\2008_PLC_1013.txt'; 

Filename accup09 'E:\Thesis\Tab_Files\2009_ACCP_1013.txt'; 

Filename accup10 'E:\Thesis\ Tab_Files\2010_ACCP_1013.txt'; 

 

OPTIONS nodate nonumber; 

 

PROC FORMAT; 

VALUE $RTM_FMT 

 '1'='SUCCESS (A,B,C)' 

 '0'='FAILURE (D,F,W,WF)'; 

run; 

 

DATA plc07; 

 Infile plc07       delimiter = '09'X  

       MISSOVER  DSD firstobs=2; 

 

*/Importing Data for  Placement Exam; 

 

Informat STUDENT $25. COLLEAGUE_ID $7. TWU_ID $9. TEST_NAME1 

$13.TEST_NAME2 $13. TEST_DATE1 MMDDYY10. TEST_DATE2 MMDDYY10.  

   SCORE1 2. SCORE2 2.PROGRAMS $45. Math_Course_Taken $4. 

Grade $2. Semester $10.;  

Input    STUDENT COLLEAGUE_ID TWU_ID TEST_NAME1 TEST_NAME2  

TEST_DATE1 TEST_DATE2   

   SCORE1 SCORE2 PROGRAMS Math_Course_Taken Grade  Semester;  

   

run; 

 

PROC SORT DATA = PLC07; 

 by COLLEAGUE_ID; 

run; 
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 DATA plc08; 

 Infile plc08       delimiter = '09'X  

       MISSOVER  DSD firstobs=2; 

 

 

Informat STUDENT $25. COLLEAGUE_ID $7. TWU_ID $9. TEST_NAME1 

$13.TEST_NAME2 $13. TEST_DATE1 MMDDYY10. TEST_DATE2 MMDDYY10.  

   SCORE1 2. SCORE2 2.PROGRAMS $45. Math_Course_Taken $4. 

Grade $2. Semester $10.;  

Input    STUDENT COLLEAGUE_ID TWU_ID TEST_NAME1 TEST_NAME2  

TEST_DATE1 TEST_DATE2   

   SCORE1 SCORE2 PROGRAMS Math_Course_Taken Grade  Semester;  

run; 

 

PROC SORT DATA = PLC08; 

 by COLLEAGUE_ID; 

run;  

 

*/Merging and Creating a table for all grades (A,B,C,D,F,W,WF)  recived from 

Placement Exam for 2007 and 2008; 

 

DATA PLC07_08; 

 MERGE PLC07 PLC08; 

 BY COLLEAGUE_ID; 

 if grade = 'A' then RESULT='1'; 

 if grade = 'B' then RESULT='1'; 

 if grade = 'C' then RESULT='1'; 

 if grade = 'D' then RESULT='0'; 

 if grade = 'F' then RESULT='0'; 

 if grade = 'W' then RESULT='0'; 

 if grade = 'WF' then RESULT='0'; 

   

 if RESULT='1' then count = 1; 

 else if Result='0' then count=0; 

 

 if RESULT='0' then count_F = 1; 

 else if Result='1' then count_F=0; 

TEST_TYPE = 'PLACEMENT_EXAM'; 

 FORMAT RESULT $RTM_FMT.; 

    

 run; 
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*/Importing Data for Accuplacer Exam; 

 

DATA accup09; 

 Infile accup09       delimiter = '09'X  

       MISSOVER  DSD firstobs=2; 

 

 

Informat STUDENT_ID $7. LastName $15. FirstName $12.Elementary_Algebra 3. 

Placement_Suggested $14. 

   Math_Class_Taken $4. Grade $2. Semester_Taken $10.; 

Input    STUDENT_ID LastName FirstName Elementary_Algebra Placement_Suggested 

Math_Class_Taken 

   Grade Semester_Taken; 

If Elementary_Algebra = . then delete; 

run; 

 

PROC SORT DATA = accup09; 

 by STUDENT_ID; 

run;  

 

 

DATA accup10; 

 Infile accup10       delimiter = '09'X  

       MISSOVER  DSD firstobs=2; 

 

 

Informat STUDENT_ID $7. LastName $15. FirstName $12.BirthDate MMDDYY10. 

ACPM 3. TEST_DATE MMDDYY10. 

   Math_Class_Taken $4. Grade $2. Semester_Taken $10.; 

Input    STUDENT_ID LastName FirstName BirthDate ACPM TEST_DATE 

Math_Class_Taken Grade  

   Semester_Taken; 

if acpm = . then delete; 

 

run; 

 

PROC SORT DATA = accup10; 

 by STUDENT_ID; 

run;  
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*/Merging and Creating a table for all grades (A,B,C,D,F,W,WF)  recived from 

Accuplacer exam for 2009 and 2010; 

 

DATA ACCP09_10; 

 merge accup09 accup10; 

 BY STUDENT_ID; 

 if grade = 'A' then RESULT='1';; 

 if grade = 'B' then RESULT='1'; 

 if grade = 'C' then RESULT='1'; 

 if grade = 'D' then RESULT='0'; 

 if grade = 'F' then RESULT='0'; 

 if grade = 'W' then RESULT='0'; 

 if grade = 'WF' then RESULT='0'; 

 

 If result='1' then count=1; 

 else if Result='0' then count=0; 

TEST_TYPE = 'ACCUPLACER_EXAM'; 

 

FORMAT RESULT $RTM_FMT.; 

run; 

 

*/Merging all Data from Placement Exam and Accuplacer Exam; 

 

DATA ALL_DATA; 

 MERGE PLC07_08 ACCP09_10; 

 IF GRADE = 'W' then grade = 'F'; 

 else IF GRADE = 'WF' then grade = 'F'; 

 BY TEST_TYPE; 

run;  

 

ods rtf file ='E:\Thesis\Thesis_Output2.rtf'; 

 

*/Create a frequency table for 2007 and 2008 Placement Exam; 

 

PROC FREQ DATA=plc07; 

 TABLES grade; 

 title '2007 Grade Distribution'; 

run; 
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PROC FREQ DATA=plc08; 

 TABLES grade; 

 title '2008 Grade Distribution'; 

 

run; 

 

PROC FREQ DATA=plc07_08; 

 TABLES grade; 

 title '2007-2008 Placement Exam Grade Distribution'; 

run; 

 

PROC FREQ DATA=PLC07_08; 

 TABLES RESULT / out = Grade07_08_2; 

 title '2007-2008 Placement Exam Grade Distribution'; 

run; 

 

*/Create a frequency table for 2009 and 2010 Accuplacer Exam; 

 

PROC FREQ DATA=accup09; 

 TABLES grade; 

 title '2009 Grade Distribution'; 

 

run; 

 

PROC FREQ DATA=accup10; 

 TABLES grade; 

 title '2010 Grade Distribution'; 

run; 

 

PROC FREQ DATA=ACCP09_10; 

 TABLES grade; 

 title '2009-2010 Accuplacer Grade Distribution'; 

run; 

 

PROC FREQ DATA=ACCP09_10; 

 TABLES RESULT / out = Grade09_10; 

 title '2009-2010 Accuplacer Grade Distribution'; 

run; 
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*/Create a frequency table using Chi Square for All Data from 2007 – 2010; 

 

 

PROC FREQ DATA=ALL_DATA; 

  

 TABLES TEST_TYPE*GRADE / CHISQ; 

 TITLE'ALL DATA FROM PLACEMENT AND ACCUPLACER'; 

run; 

 

*Create a grade table with success and failure; 

 

Proc tabulate data = PLC07_08; 

 CLASS GRADE/ style=[font_weight=bold]; 

 class Result/ style=[font_style=italic]; 

 VAR count; 

 table (GRADE all*[style=[background=pink font_weight=bold]]), 

       (Result all*[style=[background=lightblue font_weight=bold]]); 

 title '2007-2008 Placement Exam Grade Distribution with Success and Failure'; 

 run; 

 

Proc tabulate data = ACCP09_10; 

 CLASS GRADE/ style=[font_weight=bold]; 

 class Result/ style=[font_style=italic]; 

 VAR count/ style=[background=pink]; 

 table (GRADE all*[style=[background=pink font_weight=bold]]), 

    (Result all*[style=[background=lightblue font_weight=bold]]); 

 title '2009-2010 Accuplacer Exam Grade Distribution with Success and Failure'; 

 run; 

 

ods rtf close; 
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APPENDIX B 

Odds Ratio Analysis
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ODDS = P / Q, ODDS RATIO = ODDSGROUP1 / ODDSGROUP2 

 

 

Constructing the 95% confidence interval around the odds:  

Let your row variable be the grouping variable. Columns are the binary dependent 

variable. Entries (A, B, C, D) are either frequencies or percentages of each group that are 

in each column. 

 

Groups   Has the characteristic Does not have 

Group 1            A            B 

Group 2            C            D 

 

1. Calculate the odds ratio (using one of Life’s few shortcuts): 

 

OR = (A)(D) 

          (C)(B) 

 

and then calculate its natural logarithm ln(OR). 

 

2. Calculate the standard error for log-odds ratio: 

           _________________  

SE =  1/A + 1/B + 1/C + 1/D 

       

3. Calculate the margin of error for log-odds ratio: 

 

          MOE = 1.96(SE) 

 

4. Calculate the 95% C.I. for log-odds ratio:  

 

   LLLOG_ODDS = OR - MOE 

   ULLOG_ODDS = OR + MOE 
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5. Calculate the 95% C.I. for odds ratio: 

 

    LLODDS_RATIO = eLL_LOGODDS 

    ULODDS_RATIO = eUL_LOGODDS 

 

6. Hypothesis test for OR: 

 

   If the confidence interval in 5 above excludes 1.00, reject H0 of identical odds. 

 

7. Interpretation: we are 95% confident that the OR is within the interval. 

 

For the current data the results are: 

 

Groups   Succeeded Did not succeed 

Departmental Exam            145            13 

Accuplacer            230            50 

 

OR = (145)(50) = 7250 = 2.42 

     (230)(13)   2990 

 

and then calculate its natural logarithm ln(OR) = .8838 

 

2. Calculate the standard error for log-odds ratio: 

           _______________________        _____________________        

SE =  1/145 + 1/13 + 1/230 + 1/50 = .0069 + .0769 + .0043 + .02 

         _____ 

   = .1081 = .3288 

 

3. Calculate the margin of error for log-odds ratio: 

 

          MOE = 1.96(SE) = 1.98(.3288) = .6444 

 

4. Calculate the 95% C.I. for log-odds ratio:  

 

   LLLOG_ODDS = OR - MOE = .8838 - .644 = 0.2398 

   ULLOG_ODDS = OR + MOE =.8838 + .644 = 1.5279 
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5. Calculate the 95% C.I. for odds ratio: 

 

    LLODDS_RATIO = eLL_LOGODDS =  1.27 

    ULODDS_RATIO = eUL_LOGODDS =  4.62, and we see that 1.00 is excluded from the 

interval. 
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APPENDIX C 

Algebra Placement Test 
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