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Abstract: -  
College Algebra courses have often served as gatekeepers to advancement toward a bachelor’s degree for many 

undergraduate students in colleges and universities all over the United States. As College Algebra is a core requirement 

for graduation, it is very important that fail and drop rates for this course be minimized. The ability to pass this class has 

a direct influence on 4-year/6-year graduation rates as well as retention rates for undergraduate students. Research has 

been carried out throughout the United States in attempts to tackle this issue. The present study was designed to explore 

the differences in final grades in College Algebra courses regarding different instructional strategies, college division 

and gender. Test findings indicated that the performance of college students as measured by final grade in College Algebra 

courses was significantly different among diverse instructional strategies. In addition, the performance of college students 

as measured by final grade in College Algebra courses was not significantly different in each college division or gender 

for different instructional strategies. Findings provided useful information for increasing student retention in college 

mathematics courses. Students will be more likely to learn and retain mathematical knowledge when diverse approaches 

for teaching and learning mathematics are applied.   

 

I.   
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INTRODUCTION  

Increasing dropout rates in higher education have become a major concern among university administrators and 

student associations (Gury, 2011). One reason for students dropping out of college is because of their lack of mathematical 

skills (Varsavsky, 2010).   

Math skills are a factor in student dropout rates at the post-secondary level because of a systemic 

underpreparedness that causes them to enter college math with foundational deficiencies. College students’ struggle to 

pass their mathematics courses, and because mathematics courses at the university level have become gatekeeper courses 

toward graduation, as well as more interesting degree specific courses, many students’ dropout.   

There is a need to create a broad scope of programs and interventions that work to improve students’ ability to 

cope with college level educational requirements, especially in math, and to persist in their college education (Kezar, 

2011). A blended instruction method for mathematics, consisting of a complementary learning environment and a 

computer-based section, is one such intervention that has demonstrated some success.   

Education used to be instructor centered, but with the implementation of technology assisted learning provided 

by systems such as Assessment and LEarning in Knowledge Spaces (ALEKS), the situation has changed. ALEKS is a 

program that is utilized for the instruction of mathematics and science and provides students with personalized and self-

paced instruction. With ALEKS, students are given more control over the learning process. Consequently, there is an 

ongoing shift in the educational system from traditional methods to technology-assisted teaching (Gano, 2011).   

With the addition of new computer-based technology assisted learning strategies in mathematics at post-

secondary levels, this study was designed to explore the effects of technology assisted learning strategies, college division, 

and gender on passing or failing College Algebra courses. College Algebra courses are core requirements for graduation, 

and College Algebra has been a stumbling block for many students in respect to graduating from college. Specifically, the 

study examined the fall 2013 pass/fail/drop rates in College Algebra of students who were taught with different 

instructional strategies at a university in south Texas. The effects of college division and gender were also analyzed.   

 

LITERATURE REVIEW  

Often students are deficient in basic mathematical abilities upon entrance into higher education and universities 

are forced to correct students’ deficiencies by offering remedial mathematics courses (Gillard, Robathan, & Wilson, 2011). 

Higher education educators who work with freshman students continuously mention the decreased level of readiness of 

secondary school graduates and the qualitative change in the way that they think (Salkinov & Burukhin, 2010).   

 

Curriculum and Technology in Higher Education  

Juan, Steegmann, Huertas, Martinez, and Simosa (2011) claimed that instruction has transformed with the 

utilization of technology. Juan et al. stated that the role of the instructor has changed with educational technology. 

Instruction used to be teacher-centered, and with the application of individualized computer-based learning, education 

becomes student-centered as students take control of their learning process. Mainly in the areas of statistics and 

mathematics, many university departments worldwide have been working on producing, developing, applying, and 

assessing new engaging curriculua that promote conceptual understanding instead of traditional focus. The objective is to 

increase students’ critical thinking skills to solve real-life problems in the private and public sectors (Juan et al., 2011).  

 Schreyer-Bennethum and Albright (2011) discovered that by increasing the amount of teachers who use and incorporate 

technology and interdisciplinary projects, the performance of learners improved.   

 

ALEKS in Mathematics  

 Louisiana Technical University faculty used Assessment and LEarning in Knowledge Spaces (ALEKS) for Pre-Calculus 

students who were taking Calculus I and Calculus II (Hanna & Carpenter, 2006). ALEKS was used as a tutoring system 

to help students review concepts in Pre-Calculus that are needed to succeed in Calculus I and II. Findings showed that 91 

percent of learners who worked on ALEKS at least 23.5 hours throughout the semester earned a C, B, or A. Learners who 

did not use ALEKS did worse than those who used it, and there was a correlation between time spent in ALEKS and 

performance (Hanna & Carpenter, 2006). Allen (2007) attributed performance in ALEKS to its emphasis in practice of 

every algebraic skill and constant assessment.    

 

Cooperative Learning  

 Artzt and Newman (1990) described cooperative learning as small group activities aimed at completing a common goal. 

Johnson, Johnson, and Smith (1991) defined cooperative learning as the educational approach of small groups of students 

that maximized their learning by reflecting on each other’s knowledge. Davidson (1990) considered cooperative learning 

a task for groups to discuss and possibly find a solution. In addition, students required face-to-face interaction, an 

environment that provides positive experiences by helping each other attain success (Davidson, 1990). Goodsell, Maher, 

and Tinto (1992) identified cooperative learning as a more general form of collaborative learning that was described as 

students working in groups, searching for a solution in order to deliver a product. According to Johnson et al. (1991), it is 

essential for teachers to be aware that cooperative learning requires all students in a small group to participate, and if one 

of the team members completed the work first, he or she has to help his or her team members to complete the work.  

Dietz (1993) established that by using cooperative learning to teach approaches of choosing a sample, students 

created their own standardized sample methods, which demonstrates higher level critical thinking. Cooperative learning 

activities are connected to constructivism and are a large part of the current reform in higher education, particularly, in 

mathematics and science (Garfield, 1993). Educators need to design small group activities that transform the classroom 
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into a community of students who dynamically work together to learn mathematics (Garfield, 1993). Thus, teachers using 

cooperative learning provided students with opportunities to teach each other, and research has shown that ensuring this 

method of secondary instruction is extremely effective in increasing student learning (McKeachie, Pintrich, Yi-Guang, & 

Smith, 1986).  

Zakaria, Chin, and Daud (2010) conducted a quasi-experimental study to determine the effects of cooperative 

learning on students’ performance and attitudes in mathematics by conducting a t-test. The experimental group was 

composed of 44 students and a control group of 38 students (Zakaria et al., 2010).  

Findings showed that cooperative learning improved students’ performance and attitudes in mathematics (Zakaria et al., 

2010). Furthermore, cooperative learning was recommended for mathematics teachers to incorporate in their classroom 

(Zakaria et al., 2010).  

 

Traditional  

 Traditional lecture style in College Algebra courses at the university in south Texas was teacher centered. For instance, 

the instructor explains mathematical concepts and presents procedures on how to solve mathematical problems. Further, 

the instructor assigns homework, quizzes, tests and a common final exam. However, instructors have Academic Freedom’s 

right, which means they can teach the class the way they want.   

 

CCA-FOCUS  

College Completion America Fundamentals of Conceptual Understanding & Success (CCA-FOCUS) program started in 

2008 as a summer bridge program (Loredo, 2012). The CCA-FOCUS members enrolled developmental mathematics 

students directly in an academic course, such as College Algebra, while providing just-in-time remediation in content, 

content specific support learning, and academic support.   

 Texas State University has continued to grow the FOCUS program on its campus, and in the fall of 2011, 85 % of the 

students who had enrolled in their program successfully completed developmental mathematics and received credit for 

College Algebra (Loredo, 2012).  

 

METHODOLOGY  

The purpose of this study was to determine the effects of instructional strategies, college division, and gender on 

the performance of college students as measured by pass/fail/drop in College Algebra courses. Instructional strategies 

include traditional lecture style, Assessment and LEarning in Knowledge Spaces (ALEKS) and College Completion 

America (CCA)-FOCUS in courses identified for mathematics requirements, namely College Algebra. The college 

divisions are College of Arts and Humanities, College of Science and Mathematics, College of Business Administration, 

College of Education, College of Engineering and Computer Science, College of Social and Behavioral Sciences, and 

College of Health Sciences and Human Services. The dependent variable considered was success as measured by 

pass/fail/drop.    

 

Population and Sample  

This study took place in a Hispanic serving university in south Texas in the middle of one of the rapidest 

developing areas in the United States. During the fall of 2013, the total enrollment at the university in south Texas was 

20,053 students. The university in south Texas provides a choice of 54 bachelors, 55 masters, three doctoral programs, 

and two cooperative doctoral programs within seven colleges. The gender make-up of the university in the fall of 2013 

was 45% male and 55% female. The race distribution was as follows: less than 1% American Indian or Alaskan Native, 

1% Asian, 1% African American, 90% Hispanic, <1% Native Hawaiian or Other Pacific Islander, 3% White, <1% two or 

more races, 2% International and 3% race/ethnicity not reported. The average age of undergraduate students was 22 years 

and 17% were 25 years or older. The students who took College Algebra courses were generally undergraduates because 

these are core courses for graduation.    

The sample based on the student population of this university in south Texas was designed as follows:  

the CCA-FOCUS has been implemented only once, so convenience sampling was used including all students who took 

those courses. The instructional strategies of ALEKS and traditional instruction had been implemented several times, and 

a randomization numbers table was used to select samples. Archival information was gleaned from students’ transcripts 

who took College Algebra courses in the fall of 2013 taught by instructors who used instructional strategies, namely 

ALEKS, CCA-FOCUS, and traditional lecture style. The categorical dependent variables are scores of performance as 

measured by pass/fail/drop in College Algebra courses.   

 

Descriptive Statistics for Archived Data  

 Descriptive statistics are provided for College Algebra undergraduate students regarding the variables in this study, 

including instructional strategies, college division and gender during the fall of 2013 (Tables 1.1 and 1.2).   

There were 253 College Algebra students. Descriptive statistics are shown in Table 1.1.   
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Table: 1.1 Frequency and Descriptive Statistics for College Algebra (N=253) 

Variable   N  Percent  

Total  253  100  

Final Grade    

A  

  

29  11.5  

B  56  22.1  

C  58  22.9  

D  44  17.4  

F  33  13  

DR  33  13  

Instructional Strategy  

CCA-FOCUS  

  

34  

  

13.4  

ALEKS  123  48.6  

Traditional  96  37.9  

College Division    

College of Arts and Humanities  

  

27  10.7  

College of Sciences and Mathematics  43  17  

College of Business Administration  30  11.9  

College of Education  29  11.5  

College of Engineering and Computer Science  55  21.7  

College of Social and Behavioral Sciences  44  17.4  

College of Health Sciences and Human Services  25  9.9  

Gender    

Male  

  

121  47.8  

Female  132  52.2  

  

Descriptive statistics are provided in Table 1.2 for College Algebra undergraduate students’ final grades 

regarding the variables in this study, including instructional strategies, college division and gender for the fall of 2013.   

  

Table: 1.2 Frequency and Descriptive Statistics for College Algebra (N=253)    

Final Grade  A  B  C  D  F  DR  

Instructional Strategy              

CCA-FOCUS  2  10  14  3  5  0  

ALEKS  17  30  31  20  10  15  

Traditional  10  16  13  21  18  18  

College Division              

College of Arts and Humanities  5  6  7  2  4  3  

College of Sciences and Mathematics  4  7  12  6  8  6  

College of Business Administration  8  5  7  3  1  6  

College of Education  0  8  7  7  2  5  

College of Engineering and Computer Science  6  15  11  10  10  3  

College of Social and Behavioral Sciences  3  12  7  10  5  7  

College of Health Sciences and Human Services  3  3  6  6  3  3  

Gender              

Male  10  28  27  21  19  16  

Female  19  28  31  23  14  17  

 

Inferential Statistics  

A Kruskal and Wallis H test was conducted to determine if there were differences in College Algebra final grades 

among groups that differed in their level of instructional strategy: the CCA-FOCUS (n=34), ALEKS (n=123) and 

traditional (n=96) instructional strategies level groups. Distributions of College Algebra final grades were not similar for 

all groups as assessed by visual inspection of a boxplot. College Algebra final grades were significantly different among 

the different levels of instructional strategies: χ2 (2) =10.60, p = 0.005. Subsequently, pairwise comparisons were 

performed using Dunn’s (1964) procedures with a Bonferroni correction for multiple comparisons. Adjusted p-values are 

presented. This post hoc analysis revealed statistical differences in College Algebra final grades between the CCA-FOCUS 

(mean rank = 144.46) and traditional (mean rank = 108.46, p = 0.012), and traditional and ALEKS (mean rank = 136.65, 

p = 0.004) instructional strategies groups but not between ALEKS and CCA-FOCUS. The means for students’ final grades 

in College Algebra, the different instructional strategies were as follows: CCA-FOCUS (M= 4.03), ALEKS (M= 3.83) 

and traditional lecture style (M= 3.22). In other words, the mean of college students’ final grades in College Algebra for 

CCA-FOCUS was higher than the mean for ALEKS, and the mean for ALEKS was higher than traditional lecture style. 
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Findings showed that both instructional strategies CCA-FOCUS and ALEKS were significantly better than traditional 

lecture style in respect to final grades in College Algebra. Tables 1.3 and 1.4 display these findings.    

 

Table: 1.3 Kruskal and Wallis H test for College Algebra    

Variable  N  Mean Rank  Mean  

Instructional Strategy  

CCA-FOCUS  

  

34  

    

144.46  4.03  

ALEKS  123  136.65  3.83  

Traditional  96  108.46  3.22  

  

Table: 1.4 Pairwise Comparisons for College Algebra  

Variable  Test Statistic  p-value  

Instructional Strategy Comparisons  

CCA-FOCUS vs ALEKS  

  

7.81  

  

0.575  

CCA-FOCUS vs Traditional  35.998  0.012  

ALEKS vs Traditional  28.188  0.004  

  

A Kruskal and Wallis H test was used to determine if there were differences in College Algebra final grades 

between groups that differed in their level of college division: College of Arts and Humanities (n=27), College of Sciences 

and Mathematics (n=43), College of Business Administration (n=30), College of Education (n=29), College of 

Engineering and Computer Sciences (n=55), College of Social and Behavioral Sciences (n=44), and College of Health 

Sciences and Human Services (n=25) college division level groups. Distributions of College Algebra final grades were 

similar for all groups as assessed by visual inspection of a boxplot. College Algebra final grades in the college divisions 

increased respectively: College of Sciences and Mathematics (Mdn  

= 3.50), College of Health Sciences and Human Services (Mdn = 3.54), College of Education (Mdn = 3.57),   

College of Social and Behavioral Sciences (Mdn = 3.59), College of Engineering and Computer Sciences (Mdn = 3.90),  

College of Arts and Humanities (Mdn = 4.15), and the College of Business Administration (Mdn = 4.25) college division 

groups, but no significant differences were found, χ2 (6) =4.90, p = 0.56. Findings showed that the performance of college 

students as measured by final grade in College Algebra courses for the three instructional strategies, namely ALEKS, 

CCA-FOCUS, and traditional lecture style, were not significantly different for each college division.  

A Kruskal and Wallis H test was used to determine if there were differences in College Algebra final grades 

between groups that differed in their level of gender: male (n=121), and female (n=132) gender level groups. Distributions 

of College Algebra final grades were similar for all groups as assessed by visual inspection of a boxplot. College Algebra 

final grades increased from male (Mdn = 3.63) to female (Mdn = 3.87) gender groups, but the differences were not 

significantly different: χ2 (1) =1.21, p = 0.27.  

 

CONCLUSION  

 The sample for this study of undergraduate students in mathematics was predominantly Hispanic. The final grades for 

students in College Algebra courses who were taught using CCA-FOCUS, ALEKS, and traditional lecture style as 

instructional strategies were significantly different. CCA-FOCUS had the higher mean among three instructional strategies 

for College Algebra. However, both CCA-FOCUS and ALEKS performed significantly better than traditional lecture style 

in College Algebra.   

The difference of instructional strategy between CCA-FOCUS and ALEKS in College Algebra courses was that 

CCA-FOCUS instructors used cooperative learning and did not use artificial intelligence as ALEKS did. Moreover, there 

were instructors using ALEKS who were lecturing small groups of students who showed difficulties in understanding 

ALEKS’ explanations, but there were some instructors who did not lecture but tutored students independently.   

The finding that students’ mathematics final grades were higher using ALEKS than using traditional lecture style 

as an instructional strategy was supported by research that was conducted by Allen (2007); Hagerty, Smith, and Goodwin 

(2010); Hampikian, Gardner, Moll, and Schrader (2006); Hanna and Carpenter (2006); and Hasselbring (1988) because 

their findings reported gains in learning when ALEKS was used.   

The performance of college students as measured by final grade in College Algebra courses for the three 

instructional strategies, ALEKS, CCA-FOCUS and traditional lecture style, was not significantly different for each college 

division. One reason for the lack of significant differences among college divisions in College Algebra might be the small 

sample size because 38 of the 42 cells had very few or no observations, as shown in Table 1.2.  

The last comparison between performance of female and male college students as measured by final grade in 

College Algebra courses showed no significant differences. Peters (2013) examined differences between genders and 

interactions among classroom attainment, self-efficacy and climate for mathematics classes in College Algebra. Findings 

showed that females had lower mathematics self-efficacy than males, but results were not statistically significant in respect 

to mathematics attainment. Peters suggested that her study must be duplicated utilizing a more culturally diverse learner 

sample. The present study provided the same findings as the study conducted by Peters because we found that there was 

no significant difference in student achievement in College Algebra courses in respect to gender. However, Olszewski-

Kubilius and Lee (2011) studied gender differences in learners’ performance in mathematics versus their performance in 
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verbal areas as well as the stated proportions of females and males for particular scoring stages still existing from 2000 to 

2008. Their findings indicated that males outperformed females in the STEM field for gifted students irrespective of age. 

However, females did better than males in verbal examinations. These differences between genders remained stable over 

a nine-year period with little effect sizes. In verbal areas, ratio of females to males was two to one. In STEM areas, ratio 

of males to females was three to one. In addition, there was a difference in performance by ethnicity and household income 

levels.    

 Goodsell, Maher, and Tinto (1999) identified cooperative learning with students working in groups searching for a 

solution in order to deliver a product. CCA-FOCUS was based on cooperative learning, which supported small group 

activities that maximized learning by making students teach each other. Students who were taught using ALEKS as an 

instructional strategy scored significantly better than students who were taught using traditional lecture style as an 

instructional strategy in College Algebra courses. ALEKS uses Knowledge Space Theory to provide artificial intelligence 

that helps students learn at their own pace.   

 According to the present study, CCA-FOCUS provided better student final grades in College Algebra courses. However, 

instructors need to be able to facilitate the course using cooperative learning. Consequently, educational leaders need to 

provide the appropriate training to instructors in order to successfully implement cooperative learning in these courses. In 

addition, students who were taught using ALEKS as an instructional strategy scored significantly better than students who 

were taught using traditional lecture style as an instructional strategy in College Algebra courses. Consequently, 

educational leaders can enhance learning by using ALEKS and connect it to cooperative learning. The use of personalized 

learning is increasing in higher education, particularly in mathematics freshman courses. It is crucial that educational 

leaders provide mathematics’ faculties with the training necessary to be up to date with technology. Thus, students can 

take advantage of programs such as ALEKS in College Algebra courses to enhance their learning. Faculty need to be 

provided with teaching strategies such as CCA-FOCUS where cooperative learning is used, and students can take 

advantage of learning not only from their teacher but also from their classmates. Educators need to continue improving 

instructional strategies by finding the best attributes of each and integrating them in one, such as combining ALEKS with 

lecture.   

 

The following are recommendations for future research:  

1. More research is needed among different teaching delivery methods, such as face-to-face, hybrid, online, and massive 

open online learning courses.  

2. More investigation is needed to understand the factors of each instructional strategy that increases and decreases 

student achievement.   

3. More research is needed on students’ knowledge of their freedom to take different mathematics courses.  

4. The sample was taken from one university using two mathematics courses during the fall of 2013; it is recommended 

that the study be run again using spring and summer semesters.  

5. Similar studies need to be carried out in other universities with larger sample sizes to strengthen the literature in this 

area, and qualitative research might produce more detailed results and strengthen this study.  

6. More investigation is needed in respect to college division impact on student achievement.  
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