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Abstract 
Colleges and universities are trying alternative instructional approaches to improve the teaching of 
developmental mathematics, with the goal of increasing the number of students who have the skills 
and knowledge, required for college-level math courses, and for the twenty-first century workforce. 
Computers and the Internet make possible new methods of delivering instruction so students will have 
choices of when, where, and how they learn math. The purpose of this study was to compare 
academic performance of students enrolled in three sections of a College Algebra course using 
traditional, hybrid and online modes of instruction. A quasi-experimental study design was conducted 
using Repeated-Measures, One-Way Analysis of Variance (ANOVA) to delineate the difference 
between mathematics pretest and posttest scores. Students enrolled in the hybrid mode section made 
significant gains in their math performance, over students enrolled in the other two modes. 
Surprisingly, same test revealed slightly better performance for online mode students than students 
from conventional mode of instruction.  

Keywords: Developmental mathematics, computer-assisted instruction, traditional instruction, hybrid 
instruction, online instruction, technology, mathematics achievement. 

1 INTRODUCTION 
Research on mathematics problem solving has largely evolved throughout history from experience-
based techniques for problem solving, learning and discovery [13] to linking these techniques to the 
development of mathematical content [8].  Exposing students to the course content has often not been 
enough for them to achieve academic success in mathematics. Implementing a variety of instructional 
strategies that increase students’ motivation and meaningful learning were also necessary. Only 
recently, math problem solving has known an infusion of a variety of technology tools and procedures 
aimed at enhancing students’ meaningful understanding of different math concepts [7]. 

High school graduates often come unprepared to college math courses, and therefore struggle in 
meeting math course expectations [11]. Despite the continuous intervention efforts of different 
institutions, only 10% of these students graduate, and only 40% of these students who are in 
developmental math programs graduate with a bachelor’s degree [2].  

Many students who register for college math classes need to consistently prepare themselves to meet 
the expectations for college academic and career success. Traditional methods of instruction 
especially when not accompanied with effective pedagogies, usually fail to assist students in acquiring 
these necessary skills for success in developmental math courses and for the twenty-first century 
workforce. Therefore, schools are seeking alternative approaches to enhance the learning and the 
teaching of developmental mathematics, and to enable students to acquire necessary skills for college 
math success.  

Whether the developmental math classes will lead students to attend four-year institutions, with more 
emphasis on college algebra and statistics [11], or to qualify for a meaningful job, colleges and 
universities are concerned with a low passing rate not even exceeding 24% at some colleges [14]. 
Therefore, there is an urgency in developing programs and strategies that aim at student retention and 
provide a meaningful learning experience to students, one that emphasizes understanding of math 
concepts, promotes active constructivist learning, and allows for transfer to real world applications. 
Instructors of developmental mathematics are implementing different supplemental tools to traditional 
instruction known to be limited in effective resources and pedagogies. The broadened use of computer 
technology in education today has led math instructors to implement computer tools to benefit 
students’ learning of mathematics [10]. The National Council of Teachers of Mathematics [12] calls for 
using computer technology as a means to enhance math teaching and learning in and out of 
classrooms. In addition, in a study conducted by the National Center for Educational Statistics [11], 
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31% of the 3230 US surveyed colleges (during the fall of 2000) revealed a frequent use of computers 
by students for their instructional needs in on-campus remedial math education.  

With a fast increase of computer technology, a variety of software, hardware and media tools has 
found its way into developmental mathematics to offer a rich learning experience to students, while 
they are learning mathematics. Most of the software used in developmental mathematics has been 
developed by textbook publishers to either supplement classroom instruction with tutorial and 
algorithmically generated problems, or to provide a thorough presentation of concepts with interactive 
multimedia [6]. In addition to the advantage of receiving immediate feedback, students can also self-
pace and revisit their assignments until mastery [5], although there is a schedule for completion of 
lessons. They can also benefit from accessing a variety of built-in resources such as videos, guided 
practice problems, and online tutoring. Teachers can also build individualized study plans, quizzes and 
tests immediately graded by the software and tailored to a specific unit and learning objectives.  

Providing instructors with detailed data on students’ progress is a valuable feature to course overall 
assessment [3]. Within this perspective, this study aimed at investigating the effect of computer-
assisted instruction (CAI) on the mathematical learning of students in developmental College Algebra 
class using either a hybrid or online format of course delivery, and at comparing this strategy to the 
conventional mode of instruction. Performance on a math pre- and posttest was contrasted to assess 
the difference between all three modes. 

The results of this study can inform institutions in investing their resources wisely on CAI with potential 
impact on students’ mathematical achievement. The study also suggested future research to decipher 
key student characteristics that are associated with higher developmental math achievement, within 
different delivery formats, and simultaneously, improve the experience of computer-assisted learning 
of mathematics in developmental courses. 

2 METHODOLOGY 
This quasi-experimental study was conducted in Fall 2017, and used a non-randomized pretest-
posttest design. The target population consisted of three sections of a College Algebra course taught 
at a Midwestern university. The three sections consisted represented traditional (control group), hybrid 
and online instructions modes (treatment groups). All three groups were taught by the same instructor, 
and were subjected to a math pre-test and a post-test. Instruction of all three groups was coordinated 
according to the course learning objectives. Students’ math performance on the pre- and posttest was 
measured in each group. Before the beginning of fall term 2017, both control and experimental groups 
took a math pretest. In addition, a week after the start of the course, all students completed an online 
questionnaire, the purpose of which was to gather descriptive data and establish similarities of both 
groups. Students were initially placed in developmental mathematics class, based on their required 
math placement test scores. Therefore, all students were expected to have mathematics achievement 
within the same range of scores. The instruction was delivered for 16 weeks, and during the last week, 
all students took a math posttest test prepared and reviewed by the math department faculty. Data 
from pretest and posttest scores were compiled within each instructional method. The questionnaire 
results were also gathered to serve as information on students’ demographics, and traits. 

An analysis of variance (ANOVA) was conducted using the method of instruction as the independent 
variable, and math performance (measured by the difference between pre- and posttest) as the 
dependent variable. Both pre- and posttest were composed of 30 specific questions, selected from 
College Algebra course content, representing major course objectives. Both tests were completed in-
class within a two-hours period. Cronbach’s alpha for both tests was computed to be 0.915. 

The nonrandomized control group, pretest-posttest design does not provide the control that a 
randomized experimental design does, because subjects are not randomly assigned to groups [1]. 
The more similar the control and experimental groups are at the beginning of the experiment, as 
determined by the questionnaire and similar means on the pretest, the more credible are the results of 
the study. Threats to internal validity were controlled where possible.  

Attitudes of the subjects toward mathematics or technology may affect the outcome of an experiment 
[1]. In this study the effect of attitudes was controlled by not telling the subjects they will be 
participating in a study. Many developmental mathematics students, whether they participated in the 
study or not, completed a demographics questionnaire, and all have taken the mandatory pretest and 
posttest. Extraneous variables were controlled where possible. 

7165



All groups had the same course objectives and content, same schedule, same tests, and same 16 
weeks of instruction. Same instructor was teaching all three course formats. Attrition might have been 
a threat as more students with low scores withdrew from one group than the others. 

This research design has provided partial control of threats to internal validity. It also provided the 
confidence that the results were due to the different modes of instruction and not to chance alone. 

External validity is concerned with whether the results of the study will generalize to other subjects and 
settings. A careful examination of the similarities and differences between the setting of this 
experiment and other developmental mathematics settings has assisted in determining whether the 
results would generalize to another population. The subjects in this study were a sample of the 
students enrolled in developmental mathematics courses at a large liberal arts college of a Midwestern 
university that offers residential, hybrid, and distance learning courses. The results would likely 
generalize to community colleges because the academic preparation of the students at this college is 
as diverse as a community college. Community colleges value technology as a learning tool by having 
support such as computer labs, a help desk, quick response to technical problems, and administrative 
support for alternatives to improve student learning, and to settings using publisher online resources 
correlated with the textbook. 

3 RESULTS 
Tab.1 shows the distribution of the 72 participants as per method of instruction and gender. Of this 
group, 37 were male and 35 were female, with 27 students in the face-to-face format, 21 in the hybrid 
format, and 24 in the online format.  

Table 1.  Demographics 

Method Male Female Total 

Traditional 11 16 27 

Hybrid 12 9 21 

Online 14 10 24 

Total 37 35 72 

3.1 Assumptions Check  
Since an ANOVA analysis was implemented in this study, few assumptions must have been met. The 
first assumption involves the instrumentation scale of measurement: data, collected for the dependent 
variable, should be continuous or ordinal. The instrument used for reporting test scores in this study 
has met this assumption. The second assumption, random sampling, was impossible to satisfy given 
that students self-registered to classes; however, paired sections were compared to determine 
similarity of demographics and pretest scores. The third assumption pertains to testing for normality 
using skewness and kurtosis values [4]. This test was conducted on the dependent variable “posttest”, 
for all 3 subgroups (traditional, hybrid and online). Both Kolmogorov-Smirnov and Shapiro-Wilk tests 
inferred a normal distribution for the dependent variable “posttest” in each method of instruction (p < 
.05). This is confirmed by a Q-Q Plots, where the value for each score was plotted against the 
expected value from the normal distribution. The fourth assumption is that of adequate sample size. 
Each group (traditional, hybrid or online) had close to 30 cases, and was therefore sufficient for the 
analysis. The fifth assumption is the Mauchly’s Test of Sphericity, which revealed a 54.3% deviation 
from sphericity, making the assumption to be met. 

3.2 Discussion of Findings  
A priori test of Within-Subjects Effects inferred no equal performance on the math posttest (p< .05), in 
all 3 modes of instruction delivery. Indeed, this was confirmed by the mean scores difference 
illustrated in Tab. 2 and Tab. 3 below. 
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Table 2.   Descriptive Statistics (Pre-Test) 

Method N Mean SD 

Traditional 23 23.8 1.84 

Hybrid 17 26.4 3.17 

Online 15 22.1 2.39 

Table 3.  Descriptive Statistics (Post-Test) 

Method N Mean SD 

Traditional 23 27.6 3.12 

Hybrid 17 34.5 5.78 

Online 15 27.2 4.68 

Comparing the pre- and posttest means in the above tables, one can conclude that the performance 
within the hybrid mode was superior to either conventional or online modes. This has echoed a myriad 
of research studies, and a large body of literature praising this mode and its effectiveness [9]. 
Surprisingly, students from online instruction class scored slightly higher than their opponents from 
conventional class. This might have been due to several factors (including limited sample size effect), 
and hence, have called for replicating this study throughout subsequent academic terms, in order to 
generalize results onto other College Algebra sections, or sections from other developmental math 
courses. 

Furthermore, the results from a Pairwise-Comparison of all 3 modes of instruction delivery (Tab. 4) 
confirmed again a higher significance in math test performance among students from the hybrid 
section, followed by the online, which was moderately significant than the traditional mode. 

Table 4.  Pairwise comparisons of all 3 modes of instruction delivery 

Mode  
(i , j) 

Mean Diff  
(I, j)                       

Std. Error Sig. Lower 
Bound 

Upper 
Bound 

1 2 .120 .057 .013 - .03 .270 

 3 .842 .173 .041 .389 1.296 

2 1 -.120 .057 .013 -.270 .030 

 3 .723 .162 .142 .298 1.147 

3 1 -.842 .173 .041 -1.296 - .389 

 2 -.723 .162 .142 -1.147 -.298 

4 CONCLUSIONS 
Concern for the low pass rates in developmental mathematics courses has led educators to explore 
alternatives to the traditional lecture that has been used for many years in college classrooms. 
Computers make possible new methods of delivering instruction with the potential to improve learning 
by providing an active learning environment. The purpose of this study was to compare the 
mathematical performance of students receiving three different modes of instruction in developmental 
mathematics: traditional (face-to-face), hybrid and online. The, study was conducted in a College 
Algebra classes, at a large Midwestern university. 

Based on this study, students within hybrid format outperformed their counterparts, receiving either 
conventional or online modes. This echoed a large body of literature and research studies. In addition, 
students from online format performed slightly well than their opponents from face-to-face format. 
Based on the results of this study, colleges should move to incorporate hybrid math instruction. 
Nonetheless, the results of this study were limited by several factors, and may not generalize to 
another foundational developmental mathematics course, such as College Algebra. This study 
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accounted only for differences in student mathematics performance as measured by the difference in 
math pretest and posttest scores. Also, it did not account for other factors that may possibly influence 
performance such as gender, socio-economic status, ethnicity, or student’s traits and attitude, quality 
of instruction, and course organization. 

Lastly, the results of this study indicated that developmental mathematics students learn better with 
computer-assisted instruction than with traditional mode of instruction. The mere presence of 
computers does not improve student learning, unless used carefully. Students have an interest in 
using technology for a variety of purposes including academics. Computers still have the potential to 
be useful tools to improve learning. They provide educators the opportunity to create courses in a 
variety of alternative formats to the traditional lecture, in order to address the different learning styles 
and preferences of students. Quality is essential in any mode of instruction.  
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