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Measuring Student Satisfaction in Online Mathematics Courses   RESEARCH 

 

Antoinette Davis  •  Eastern Kentucky University  

 

Abstract 

For many years, various colleges and universities have found it difficult to measure student satisfaction in online 

courses. This study examined the growth of math courses that are delivered in the online format. This study looks to 

address the gaps in the research literature concerning online, hybrid, and traditional education. In particular, it is the 

intention of this study to investigate satisfaction and its effect on the performance of students as a result of enrolling 

in online mathematics courses. Many researchers have sought to find ways to determine student satisfaction in online 

courses. Satisfaction and performance in distance education have always been seen in comparison with traditional 

education that implements instruction through face-to-face interactions. This study will extend the comparison to 

include online and hybrid education. An examination of the research literature shows that researchers measure 

satisfaction and performance in various ways. This situation may well be responsible for the inconsistencies regarding 

satisfaction and performance found among empirical studies. Although the present study found that older students 

were not as satisfied in online mathematics courses as younger students, it is not equipped to investigate the reasons 

driving their lower satisfaction. Future research should look into possible reasons. 

  

Keywords: student satisfaction, online, mathematics courses 

 

 

With a growing percentage of university 

students working part-time or full-time and 

using technology on a more frequent basis in 

their daily life, colleges and universities are 

increasingly supplementing their traditional 

mathematics courses with online equivalents. 

Online education using the Internet and 

information technologies is becoming a 

popular tool for distance education to better 

meet students’ needs, interests, learning 

styles, and work schedules (Lim, Kim, Chen, 

& Ryder, 2008). However, published studies 

are not consistent in comparing performance 

and satisfaction of students in traditional and 

online instruction (Lim et al., 2008). Various 

weaknesses in research are responsible for 

this inconsistency. 

This study aimed to improve the quality 

of educational research on distance education 

by filling in some gaps (or overcoming some 

weaknesses) in the research literature. First, 

this study developed and validated an 

instrument that measured students’ 

satisfaction with taking online courses 

(Tables 1-3). Second, this study explored the 

relationship among student satisfaction, 

student performance, and individuals’ 

characteristics, learning preferences, and 

online (learning) environment (Tables 4-5). 

Specifically, this study predicted student 

satisfaction (measured through the developed 

instrument) from individuals’ characteristics, 

learning preferences, and online (learning) 

environment (Table 6); and predicted student 

performance from those same variables plus 

student satisfaction (measured through the 

developed instrument) (Table 7). This 

chapter will explain the methods that were 

used to accomplish these purposes. As a 

result, this study contributed to a better 

measurement of student satisfaction in an 

online environment. This will hopefully help 

researchers and practitioners better 

understand the complex relationship among 

student satisfaction, student performance, 

and students’ characteristics, learning 

preferences, and online (learning) 

environment.    

 

Data Sources 

 

In this study, the target participants were 

all students who were enrolled in an 

asynchronous online course, College 
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Algebra, at a certain Community and 

Technical College in the Midwest region of 

the United States (N = 300 students). The 

students in the online course were of mixed 

age, gender, and ethnicity. Students were 

invited to participate in the study and did not 

receive any compensation for participation. 

Students were surveyed anonymously. Data 

on students’ characteristics, their learning 

preferences, and the characteristics of the 

online (learning) environment were collected 

in an online survey. Students’ viewpoints on 

personal feedback, perception of online 

learning, student-student interaction, student-

instructor interaction, and social presence in 

an online course were also collected (using 

the developed instrument). The researcher 

also conducted a pretest and posttest of 

relevant mathematics knowledge and skills. 

 

Instrumentation 

 

The instrument, entitled Satisfaction of 

Online Learning (SOL), included 24 items 

embedded in eight components that were 

developed based on the theoretical 

framework (see Table 1). The validity of this 

instrument was established by carefully 

constructing or selecting items that closely 

reflect each of the components. The items 

were developed in this study to isolate certain 

behaviors that were closely associated with 

each of the eight factors (components) in 

Table 1. They were constructed using 

responses to positive statements. Responsive 

options for each statement (item) included 

Strongly Disagree, Disagree, Neutral, Agree, 

and Strongly Agree (ranging from 1 to 5 

respectively). Students with a higher score 

indicated more satisfaction to a certain area 

of a certain factor. 

After the construction of the instrument, 

a pilot was conducted to field-test its 

functions in the spring of 2013. The 

instrument was emailed to 15 students in the 

online course who had one week to work on 

the instrument. Students were instructed to 

highlight an option that corresponded most 

closely to their response to each statement 

that described a behavior or factor associated 

with student satisfaction in regards to the 

online mathematics course. Students were 

also instructed to answer all items, take notes 

on anything that caused confusion, and 

record the time that they needed to complete 

all items. The result of this pilot served to 

improve the instrument. The effort helped to 

answer the first research question: Is it 

possible to develop a valid and reliable 

instrument that measures the extent to which 

students are satisfied with learning 

mathematics in an online environment? 

The formal, comprehensive data 

collection started in the summer of 2013 with 

the participation of students in all sections of 

the asynchronous online course, College 

Algebra (with consents). At the end of this 

semester, students were administered (a) 

SOL, (b) an online survey (measuring 

individual characteristics, learning 

preferences, characteristics of online learning 

environment) (see Appendix B), and (c) a test 

of mathematics knowledge and skills. To 

validate SOL, the factorial structure of this 

instrument was validated through 

confirmatory factor analysis, and the 

reliability of this instrument was established 

by calculating the reliability coefficients of 

each component and all components as a 

whole. The online survey used a 

straightforward design, with questions that 

collected information about individual 

characteristics, learning preferences, and 

online learning environment. 

The test of mathematics knowledge and 

skills covered in the online course (i.e., 

College Algebra) was given to students 

within the first two weeks and within the last 

two weeks of the course so that gains in 

mathematics knowledge and skills could be 

measured. The test included multiple choice 

items and open-ended items, both concerning 
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mathematics knowledge and skills that 

students learned in the online course (e.g., 

operations of addition, subtraction, 

multiplication, and division). Specifically, 

various aspects of content included mean 

price, total price, purchase price, rounding, 

simplifying, combining like terms, ratio, 

mixed numeral, length, width, angles, and 

problem solving. This test had been used for 

many years in the same course, but as an 

additional check, an experienced 

mathematician examined the test for the 

mathematical correctness of the items and the 

practical appropriateness of the test for the 

course (i.e., an expert validation process).  

 

Measures and Variables 

 

The online survey had three parts: The 

first part collected individual data, including 

gender, age, financial aid (as a measure of 

socioeconomic status or SES), ethnicity, 

geographic location, highest mathematics 

course taken in high school, distance learning 

experience, working experience, and 

educational level in college. The second part 

collected data on students’ learning 

preferences, including visual learning, aural 

learning, verbal learning, physical learning, 

logical learning, social learning, and solitary 

learning. The third part collected 

characteristics of the online (learning) 

environment, including instructional format, 

what time of day to meet, and the delivery 

method.  

The collected data was used to answer the 

second and third research questions. The 

second research question concerned whether 

there is a relationship between student 

satisfaction in online mathematics courses 

and individual characteristics, learning 

preferences, and the online (learning) 

environment. The third research question 

concerned whether there was a relationship 

between students’ performance and 

satisfaction with regard to learning 

mathematics in an online environment.  

For the second research question, the 

dependent variable was student satisfaction. 

The independent variables were individual 

characteristics of students, their learning 

preferences, and characteristics of the online 

(learning) environment. Because it was 

impossible to randomly select participants in 

this study (i.e., the sample consisted of 

volunteers), it was important to include 

student characteristics in the data analysis. 

For the third research question, the 

dependent variable was student performance 

in the posttest. The independent variables 

included student performance in the pretest 

(functioned actually as a covariate), student 

satisfaction with online mathematics courses, 

individual characteristics of students, their 

learning preferences, and characteristics of 

the online (learning) environment. The data 

analysis aimed to compare the importance 

between student satisfaction, students’ 

characteristics, their learning preferences, 

and characteristics of the online (learning) 

environment with student performance in the 

online course. 

 

Statistical Procedures 

 

The statistical procedure for the 

validation of SOL closely followed the one 

used in Shen et al. (2012). It begins with an 

item analysis to make sure that students were 

using the full range of the responsive options. 

This task was performed “by examining the 

frequencies on the responsive options for 

each statement” (Shen et al., 2012, p. 9). It 

proceeded to examine the instrument’s 

factorial validity. A series of confirmatory 

factor analyses were performed to examine 

whether the eight-factor structure identified 

through the literature review were present 

within our sample of online mathematics 

students. Specifically, the eight-factor model 

was compared with two other models 
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including the null model and the one-factor 

model. Comparing the proposed model with 

the null and one-factor models is a routine 

procedure in instrument validation (Shen et 

al., 2012). Model-data-fit statistics included 

χ2, SRMR, TLI, CFI, AIC, and BIC (Table 3). 

The χ2 statistic gave an indication of 

overall fit of the data to the model, with a 

small χ2 value indicating a good fit. As one of 

the absolute measures of fit that does not use 

an alternative model as the base for 

comparison, the χ2 statistic provided only a 

rough idea about model-data-fit, being quite 

sensitive to sample size, model size, and 

variable distribution. The standardized root 

mean square residual (SRMR) was a much 

better alternative absolute index. An SRMR 

value smaller than .08 is considered a good fit 

(see Hu & Bentler, 1999). The comparative 

fit index (CFI) and the Tucker-Lewis index 

(TLI) could be considered as relative 

measures of fit because they used an 

alternative model as the basis for comparison. 

CFI avoids the underestimation of the model-

data-fit, often occurring when a sample is 

small. TLI provids a measure of model-data-

fit that is independent of sample size. 

Because both CFI and TLI measured the 

proportion of variance explained in relation 

to the null model, a value greater than .90 

indicates a good fit (see Hu & Bentler, 1999). 

Lastly, because the models in this study were 

non-nested ones, information-based 

estimates were also used to evaluate 

goodness of fit, including Akaike 

information criterion (AIC) and Bayesian 

information criterion (BIC). A best-fitting 

model had the smallest estimate on both AIC 

and BIC. 

Once the factorial structure was 

“empirically supported, we combined items 

within each scale in order to produce the 

mean and standard deviations for each scale” 

and this task was “performed by taking the 

average of valid responses within each scale” 

(Shen et al., 2012, p. 14-15). Distribution of 

scale scores were then examined with “two 

distribution indices: skewness, to make sure 

that scores were roughly symmetrical around 

the mean; and kurtosis, to make sure that the 

distributions were not overly peaked or 

overly flat” (Shen et al., 2012, p. 15) (Table 

4). Finally, Cronbach’s alpha was used as the 

measure of internal consistency. Reliability 

analysis was performed on each scale and the 

instrument as a whole (see Shen et al., 2012) 

(Table 5). This statistical procedure 

concluded statistical analysis of the first 

research question. 

For the second research question, a 

multiple regression analysis was performed 

with student satisfaction as the dependent 

variable and variables descriptive of 

individual characteristics, learning 

preferences, and online (learning) 

environment as the independent variables 

(Table 6). After handling missing data on the 

dependent variable (i.e., SOL), N = 102 

students remained for data analysis. For the 

third research question, a multiple regression 

analysis was performed, with student posttest 

performance as the dependent variable and 

student pretest performance as a measure of 

prior ability (a covariate by nature) (Table 7). 

The independent variables were the same as 

those used in addressing the second research 

question (i.e., variables descriptive of 

individuals’ characteristics, learning 

preferences, and the online learning 

environment). After handling missing data on 

the dependent variable (i.e., posttest), N = 68 

students remained for data analysis. 

Because the sample size was relatively 

small in the case of both research questions, 

independent variables were first examined 

individually to test their absolute effects. The 

absolute effects of a variable refer to the 

effects of that variable that will occur without 

the presence of other variables in the 

statistical model. Variables that are found to 

have absolute effects are then tested together 

in the statistical model to see if relative 
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effects appear. The relative effects of a 

variable refer to the effects of that variable 

that will occur in the presence of other 

variables in the statistical model. This 

strategy successfully avoided entering a large 

number of independent variables together 

into the regression model (the so-called 

stepwise approach that is not a sound 

statistical practice when the regression model 

runs on a small sample). 

 

Specification and Validity of SOL Items 

 

The validity of SOL was established by 

carefully constructing each item based on 

empirical evidence or references. That is, 

empirical evidence or references functioned 

to provide clues for the wording or 

description of each item. Each piece of 

evidence or each reference served as a 

foundation for the construction of each item 

in SOL. This approach helped to validate the 

instrument (SOL) with stronger proof and 

greater clarity. Table 2 presents the 

specifications and validations of SOL items 

in detail. 

 

Summary of Principal Findings 

  

The instrument, Satisfaction of Online 

Learning (SOL), was found to be highly valid 

and highly reliable. Specifically, both item 

analysis and scale analysis did not show any 

abnormal distributional properties of SOL. 

According to the common comparative 

practice in confirmatory factor analysis, the 

eight-factor model represented substantial 

improvement in model-data-fit over the null 

model and the one-factor model. Reliability 

analysis indicated substantially high internal 

consistency across scales and as a whole 

instrument.    

Multiple regression analysis was 

performed using students’ satisfaction with 

online mathematics courses as the dependent 

variable and variables descriptive of 

individual characteristics, learning 

preferences, and the online (learning) 

environment as the independent variables. 

All of the independent variables were tested 

for absolute effects and relative effects. 

Overall, age demonstrated both absolute 

effects and relative effects and was 

considered robustly important to student 

satisfaction. Younger students were more 

satisfied with online mathematics courses 

than older students. Pre-calculus/calculus (vs 

below pre-calculus) and visual learning 

showed absolute effects but not relative 

effects, and were thus considered 

unimportant to student satisfaction. All other 

variables did not even show absolute effects 

on student satisfaction. Therefore, students’ 

satisfaction was related only to their age.  

Multiple regression analysis was also 

performed with posttest scores as the 

dependent variable, pretest scores as the 

covariate, and variables descriptive of 

individual characteristics, learning 

preferences, online (learning) environment, 

and satisfaction with online mathematics 

courses as the independent variables. None of 

the independent variables showed absolute 

effects. Therefore, gains in mathematics 

knowledge and skills from pretest to posttest 

in the course were not related to individual 

characteristics, learning preferences, or the 

online (learning) environment. Neither were 

gains related to satisfaction with online 

mathematics courses. 

In sum, SOL as an instrument filled in a 

significant gap in the research literature for 

measuring students’ satisfaction with online 

mathematics courses. It provides a valid and 

reliable alternative evaluation to traditional 

course evaluation for colleges and 

universities to determine student satisfaction 

in their online courses. Although this study 

attempted to determine the effects of 

variables that describe individual 

characteristics, learning preferences, and the 

online (learning) environment on student 
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satisfaction, age was the only significant 

factor separating student satisfaction. Lastly, 

this study aimed to examine the relationship 

between student performance and 

satisfaction in an online environment. 

However, students’ gains in mathematics 

knowledge and skills were not related to their 

satisfaction (nor to individual characteristics, 

learning preferences, and the online 

environment). 

 

Revisiting Research Literature 

 

The present study took the position that 

IT (information technology) does not bring 

about a new learning culture independent of 

pedagogical settings (Blömeke, Muller, & 

Eichler, 2006; Schulz-Zander, 2005; Tergan, 

2003; Vovides, Sanchez-Alonso, 

Mitropoulou, & Nickmans, 2007). Instead, 

there is a strong need to describe adequate 

settings of learning and instruction for all 

kinds of e-learning (Giest, 2010). The present 

study attempted to understand the 

pedagogical settings from three essential 

aspects (characteristics of individuals, 

learning preferences, and online 

environment) that may associate with 

performance and satisfaction in the online 

learning of mathematics.  

 

Online Environment 

A vehement argument has long been 

waged, pitting distance education against 

traditional face-to-face education (Tucker, 

2001). There are arguments in the research 

literature that support the “superiority” of 

alternative instructional environments. For 

example, Kendall (2001) asserted that online 

courses can achieve learning goals and 

student satisfaction as much as, if not more 

than, traditional courses. After comparing 

these three different learning environments, 

Lim et al. (2008) reported that students in the 

online learning group and the hybrid learning 

group have statistically significant higher 

levels of achievement than students in the 

traditional learning group and students in the 

hybrid learning group also have greater 

satisfaction levels with their overall learning 

experience than students in the traditional 

group. 

There are also arguments in the research 

literature that support the “inferiority” of 

alternative instructional environments. For 

example, Faux and Black-Hughes (2000) 

found the largest improvement in 

performance (from pretest to posttest) for 

students in the traditional face-to-face 

environment. Students who prefer traditional 

environment show a stronger mastery goal 

orientation and greater willingness to apply 

effort while learning than students who prefer 

either online or hybrid environments 

(Clayton et al., 2010). 

The present study did not have separate 

groups in various online environments; 

instead, preferences for online learning 

environments were compared in relation to 

student performance and satisfaction in the 

online learning of mathematics. In other 

words, the present study focused on student 

preferences for online learning environment 

(i.e., online vs face-to-face, hybrid vs face-to-

face). The results of the present study 

indicated that students who preferred hybrid 

instructions were as satisfied with their 

online learning experiences in mathematics 

as students who preferred traditional 

instructions. Meanwhile, students who 

preferred hybrid instructions gained as much 

in mathematics knowledge and skills in the 

course as students who preferred traditional 

instructions. These conclusions hold true to 

the comparisons between online instructions 

and traditional instructions. That is, students 

who preferred online instructions were as 

satisfied with their online learning 

experiences in mathematics as students who 

preferred traditional instructions, and 

students who preferred online instructions 

gained as much in mathematics knowledge 
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and skills in the course as students who 

preferred traditional instructions. Based on 

the above findings, this study could not 

support either the superiority or inferiority of 

both hybrid instructions and online 

instructions over traditional instructions from 

the perspectives of student performance and 

satisfaction in the online environment of 

learning mathematics. In particular, the 

pretest and posttest design of the present 

study added important insights into the 

research literature because comparisons 

based on the longitudinal perspective have 

been rather rare in the research literature. 

 

Individual Characteristics 

The limited research literature on 

individual differences in online learning 

focuses mainly on age and gender 

differences. Previous research indicated 

significant gender differences in 

performance, attitudes, motivation, and 

experiences (Ashby, Sadera, & McNary, 

2011; Branden & Lambert, 1999; Chen, 

1999; Muilenberg & Berge, 2005; Owens, 

1998). Previous research also found age to be 

a significant factor for learning (educational) 

outcomes in online courses (Ashby et al., 

2011; Muilenberg & Berge, 2005; Rekkedal, 

1983).   

In the present study, age was found to be 

robustly important to satisfaction with online 

mathematics courses but unimportant to 

performance in online mathematics courses. 

Furthermore, gender differences were not 

found in either performance or satisfaction 

concerning the online learning of 

mathematics. These findings all represent 

new contributions to the field of online 

mathematics education. In particular, 

Thurmond, Wambach, Connors, and Frey 

(2002) asserted that student satisfaction is 

influenced by instructional decisions and 

actions in the online environment but not by 

student characteristics. The present study 

suggests that certain individual 

characteristics (e.g., age) may still have 

influence on student satisfaction. 

 

Learning Preferences 

The research literature on online 

education contains some information on what 

learning preferences (styles) fit better to the 

online learning environment such as active vs 

reflective, sensing vs intuitive, visual vs 

verbal, and sequential vs global (Kim & 

Moore, 2005). Schellens and Valcke (2000) 

noticed that developers of online courses tend 

to favor visual, applied, spatial, social, and 

creative styles of learning. Nevertheless, how 

learning preferences relate to performance 

and satisfaction remains an under-research 

issue, which partially motivated the present 

study. 

There are conflicting results regarding 

whether learning preferences (styles) relate to 

academic performance (Fahy & Ally, 2005). 

Some studies on online learning suggest that 

students’ learning preferences are associated 

with their course performance (Douzenis, 

1999; Sabry & Baldwin, 2003; Terrell, 2002). 

Meyer (2003) argued that visual learners are 

more academically successful than aural and 

kinesthetic learners in an online learning 

environment (see also Ozbas, 2008 for 

gender differences in academic performance 

in an online learning environment that 

emphasizes visual learning). On the other 

hand, Santo (2001, 2006) found no 

relationship of learning preferences to both 

course grades and test scores.  

According to Henry (2008), the visual-

verbal dimension of students’ learning 

preferences (styles) correlates positively with 

satisfaction as learners in a hybrid (e-

blended) course delivery mode but negatively 

with satisfaction as learners in a traditional 

course delivery mode. Overall, however, 

Kearsley (2000) indicated no relationship 

between students’ learning preferences and 

their satisfaction with online courses. 
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The present study provided some further 

insights into the relationship of learning 

preferences to performance and satisfaction 

in the online learning environment. 

Specifically, learning preferences were 

related to performance and satisfaction in the 

online learning of mathematics. Confidence 

is high in the present study in that satisfaction 

was measured with a validated instrument 

and performance was measured in a pretest 

and posttest design. These features of the 

present study are rather rare in the research 

literature. In this sense, the present study has 

contributed unique insights into the research 

literature.  

 

Relationship between Performance and 

Satisfaction 

Currently, the research literature on this 

issue is very “thin” from the perspective of 

online education, even though performance 

and satisfaction in online collaborative 

learning are important factors to determine 

whether an innovative learning approach can 

be applied in a sustainable way (Zhu, 2012). 

Inferences can be drawn from some studies 

indirectly examining the relationship. 

Although students in the face-to-face format 

achieve higher on both exams and course 

grades than students in the online format, 

students’ satisfaction do not differ between 

the two formats (Driscoll et al., 2012). These 

studies seem to suggest a lack of relationship 

between performance and satisfaction. 

Yatrakis and Simon (2002) directly rejected 

the relationship. On the other hand, learner 

satisfaction is a significant predictor of 

learning outcomes (Eom, Wen, & Ashill, 

2006). 

The present study explored the 

relationship between performance and 

satisfaction in the online learning of 

mathematics. Satisfaction was not a 

significant predictor of performance. Again, 

confidence is high in the present study due to 

the fact that satisfaction was measured with a 

strictly validated instrument and performance 

measure came from in a rigid pretest and 

posttest design. These features of the present 

study are rather uncommon in the research 

literature, permitting the present study to 

make unique contributions to the current 

understanding of the relationship between 

performance and satisfaction.  

 

Implications 

 

Instrument Application  

Kane, Williams, and Cappuccini (2008) 

argued that student institutional satisfaction 

surveys are a valuable source of data for 

instructional improvement but little has been 

used outside their immediate management 

improvement purposes. Meanwhile, 

researchers have commonly used a single-

item rating scale to assess student 

satisfaction, but this approach fails to 

recognize the complexity of students’ 

reactions to educational service (Elliott & 

Shin, 2002). The instrument (SOL) that has 

been validated in the present study can help 

improve both situations in that SOL is a great 

tool to generate specific information on many 

aspects of student institutional satisfaction 

that can be easily applied to instruction as 

well as management of online courses. All of 

the eight scales within the instrument can be 

used either individually or collectively to 

measure student satisfaction for various 

purposes of instruction and management. 

 

Age Factor 

The present study found that older 

students tended to be less satisfied with 

online mathematics courses than younger 

students. This finding may serve as a call for 

instructors to be more attentive to the way 

that they communicate information to older 

students in an online classroom. Moore 

(1993) suggested that for distance learning to 

be successful, instructors need to pay 

attention to three elements of transactional 
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distance theory (dialogue, structure, and 

learner autonomy) in order to reduce the 

“distance” experienced by students. When 

distance is felt by students in the online 

course, they tend to feel isolated and may 

stop participating in the subsequent learning 

activities. The best way to reduce distance is 

to structure the course in such a way that all 

learners (both young and old) can benefit 

from the material that is presented in the 

online mathematics course. According to 

Chao and Davis (2001), there are many facets 

to the online success of math courses such as 

paying attention to the design and utilization 

of effective online pedagogy, maintaining 

active communication between students and 

the instructor, encouraging interaction 

between students in the classroom, and using 

computer programs like Excel as a way to 

illustrate statistical concepts in the 

classroom. 

In addition, it is important to identify 

characteristics of students who feel 

successful with their online learning 

experiences so as to provide necessary 

information for instructors and admission 

officers to either encourage or discourage a 

student from registering for an online course 

(Wojciechowski & Palmer, 2005). The 

present study, in this sense, is useful to 

administrations at colleges and universities. 

Younger students are more likely to be 

satisfied with taking mathematics courses in 

the online environment than older students 

can become a factor to aid decision making. 

 

Limitations 

Sampling-related issues represent the 

major limitations of the present study. The 

initial sample size of 259 students was 

promising, but the three separate data 

collection procedures (SOL; online survey of 

individual characteristics, learning 

preferences, and online environment; 

mathematics test in pretest and posttest 

format) produced missing data. As a result, 

the confirmatory factor analysis was based on 

123 students with valid SOL scores. 

Confirmatory factor analysis based on such a 

sample size is less ideal (see Shen et al., 

2012). Missing data reduced sample size 

again when it came to answering the second 

and third research questions. Multiple 

regression analysis to address the second 

research question was based on 102 students, 

and that to address the third research question 

was based on 68 students. Although the 

strategy of examining absolute effects 

individually first is effective and sufficient 

analytically, results regarding the second and 

third research questions need to be 

considered tentative. Due to the limited 

number of online students that can often be 

reached in any study, it is suggested that 

future researchers accumulate data from 

different semesters to improve the number of 

student responses (Kuo, 2010). 

The use of volunteer sample represents 

another major limitation. Although the 

difficulty in obtaining a random sample is 

adequately realized in educational research, a 

large number of studies based on volunteer 

samples need to be conducted for any 

meaningful synthesis of results across 

studies. It is suggested that future researchers 

continue this line of research with various 

volunteer samples if random sampling is 

impractical. Indeed, several researchers have 

suggested that more research be done to 

collectively deal with the lack of large 

random samples concerning online learning 

(e.g., Ertmer et al., 2007; Kuo, 2010; 

Richardson, 2005). 

The scope of the present study was 

limited. The part of the online survey that 

collected information on individual 

characteristics was not as comprehensive as 

one would like. For example, Dabbagh 

(2007) found that intrinsically motivated 

learners with a positive attitude toward the 

instructor and a high expectation for grades 

and degree completion are more likely to 
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succeed in a distance education course. The 

space limitation prevented the present study 

to look into whether students’ attitude and 

expectation can predict performance and 

satisfaction in the online learning of 

mathematics. This issue leaves sufficient 

opportunities for future researchers. 

 

Recommendations for Further Research 

  

Although some recommendations for 

further research have been offered in the 

previous section, more discussion on this line 

of research may be beneficial. SOL is a valid 

and reliable instrument, but nevertheless it 

was developed based on a particular college-

level mathematics course (i.e., College 

Algebra). Therefore, this instrument needs to 

be validated and even modified within and 

beyond the area of mathematics education. 

For example, SOL can be validated for more 

advanced mathematics courses taught in an 

online environment; and SOL can also be 

validated for college science courses. 

Although it is reasonable based on the review 

of research literature to expect SOL to be a 

general measure of satisfaction with any 

online courses, further validation is 

necessary. 

Because of the tentative nature of the 

results from multiple regression analyses, 

there is a need for future researchers to 

replicate studies concerning the 

comprehensive relationship among student 

performance and satisfaction in online 

learning of mathematics as well as individual 

characteristics, learning preferences, and 

online (learning) environment. Following a 

similar logic, further studies may include 

different variables descriptive of individual 

characteristics, learning preferences, and 

online (learning) environment. 

Although the present study found that 

older students were not as satisfied in online 

mathematics courses as younger students, it 

is not equipped to investigate the reasons why 

they are less satisfied. Future research can 

look into possible reasons. Some research 

may even focus on older students and their 

reasons for taking math courses online. As a 

result, future online courses can be built with 

more resources and help so that their time in 

the online environment may become a good 

experience.       
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Table 1        

Foundation for Instrument Development 

 

Table 2 

Distribution of Responses and Descriptive Statistics across Items 

Item Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

Mean SD 

Q1 .10 .05 .19 .35 .32 3.74 1.23 

Q2 .11 .04 .18 .33 .34 3.76 1.26 

Q3 .10 .05 .20 .34 .31 3.72 1.23 

Q4 .11 .02 .19 .34 .35 3.81 1.23 

Q5 .12 .02 .17 .29 .40 3.83 1.31 

Q6 .09 .05 .22 .34 .30 3.70 1.20 

Q7 .08 .12 .37 .21 .21 3.35 1.18 

Q8 .09 .08 .28 .28 .27 3.55 1.22 

Q9 .09 .09 .22 .33 .27 3.60 1.22 

Q10 .10 .03 .23 .28 .37 3.78 1.25 

Q11 .10 .06 .24 .32 .29 3.65 1.23 

Q12 .10 .05 .30 .28 .28 3.59 1.22 

Q13 .08 .07 .25 .32 .28 3.66 1.19 

Q14 .09 .07 .19 .37 .28 3.68 1.21 

Q15 .13 .08 .27 .19 .33 3.51 1.37 

Q16 .12 .09 .26 .24 .28 3.48 1.32 

Q17 .12 .09 .27 .25 .26 3.44 1.30 

Factor Item 

Effectiveness of feedback 1-3 

Timeliness of feedback 4-6 

Use of discussion boards in the classroom 7-9 

Dialogue between instructors and students 10-12 

Perception of online experiences 13-15 

Instructor characteristics 16-18  

Feeling of a learning community 19-21 

Computer-mediated communication 22-24 
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Q18 .11 .11 .31 .19 .28 3.40 1.31 

Q19 .15 .10 .30 .23 .23 3.29 1.32 

Q20 .14 .14 .30 .22 .20 3.21 1.30 

Q21 .11 .09 .34 .21 .24 3.38 1.26 

Q22 .12 .08 .35 .22 .22 3.35 1.26 

Q23 .15 .15 .34 .18 .19 3.11 1.29 

Q24 .12 .16 .32 .20 .20 3.19 1.27 

 

Note. Values other than means and SDs represent percentages.        

 

 

Table 3        

Results of Model Data Fit from Confirmatory Factor Analysis 

Model X2 CFI TLI SRMR AIC BIC 

Null factor     5052.41      

1 factor 1474.15 0.74 0.72 0.06 6277.32 6479.80 

8 factor 590.71 0.92 0.90 0.05 5449.88 5731.10 

 
 

Table 4 

Descriptive Statistics across Scales 

Scale Mean SD Skewness Kurtosis 

Effectiveness of Feedback 3.74 1.24 -0.92 0.01 

Timeliness of Feedback 3.78 1.25 -0.99 0.15 

Use of Discussion Boards 3.50 1.21 -0.54 -0.49 

Dialogue between instructors and 

students 

3.67 1.23 -0.77 -0.19 

Perceptions of online experiences 3.62 1.26 -0.69 -0.40 

Instructor characteristics 3.44 1.31 -0.44 -0.81 

Feeling of a learning community 3.29 1.30 -0.31 -0.85 

Computer-mediated communication 3.22 1.27 -0.20 -0.83 

 

Table 5 

Reliability Statistics across Scales 

Scales Number of Items Reliabilities 

Effectiveness of Feedback 3 0.98 
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Timeliness of Feedback 3 0.98 

Use of Discussion Boards 3 0.98 

Dialogue between instructors and students 3 0.98 

Perceptions of online experiences 3 0.98 

Instructor characteristics 3 0.98 

Feeling of a learning community 3 0.98 

Computer-mediated communication 3 0.98 

Instrument as a whole 24 0.98 

 

Table 6 

Multiple Regression Results Estimating Effects of Individual Characteristics, Learning 

Preferences, and Online Environment on Satisfactory with Online Mathematics Courses     

Variables Absolute 

Effect 

SE Relative 

Effect 

SE 

Individual characteristics     

Age (continuous) -.87* .24 -.59* .28 

Male (vs female) -2.9 6.21   

White (vs non-White) 3.20 8.02   

Pre-calculus/calculus (vs below pre-calculus) 16.37* 8.11 15.84 8.80 

Up to associate degree (vs high school diploma) .40 5.89   

Bachelor and beyond (vs high school diploma) -13.19 6.94   

Financial aid (vs no financial aid) -7.26 7.98   

Years of working experience (continuous) -.55 .61   

Number of online courses (continuous) .24 2.18   

Learning preferences     

Visual learning (continuous) 4.98* 2.41 3.51 2.65 

Aural learning (continuous) -1.26 2.97   

Verbal learning (continuous) 3.31 2.75   

Physical learning (continuous) 2.32 2.56   

Logical learning (continuous) 2.89 2.69   

Social learning (continuous) 3.94 2.92   

Solitary learning (continuous) -2.93 2.79   

Online environment     

Preference on online (vs face-to-face) 9.67 6.72   
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Preference on hybrid (vs face-to-face) 6.92 8.31   

Scheduled sessions (vs non-scheduled sessions) -6.18 6.78   

Asynchronous (vs synchronous) 3.72 5.84   

 

* p < .05. 

 

Table 7 

Multiple Regression Results Estimating Effects of Individual Characteristics, Learning 

Preferences, Online Environment, and Satisfactory with Online Mathematics Courses on Gains 

in Mathematics Performance  

Variables Absolute 

Effect 

SE 

Individual characteristics   

Age (continuous) .03 .04 

Male (vs female) .71 .65 

White (vs non-White) 1.29 .86 

Pre-calculus/calculus (vs below pre-calculus) .163 .75 

Up to associate degree (vs high school diploma) -.12 .61 

Bachelor and beyond (vs high school diploma) .55 .65 

Financial aid (vs no financial aid)    1.30 .86 

Years of working experience (continuous) .01 .08 

Number of online courses (continuous) .39 .26 

Learning preferences   

Visual learning (continuous) -.20 .23 

Aural learning (continuous) -.01 .33 

Verbal learning (continuous) -.31 .30 

Physical learning (continuous) -.07 .25 

Logical learning (continuous) -.03 .26 

Social learning (continuous) -.10 .29 

Solitary learning (continuous) -.19 .30 

Online environment   

Preference on online (vs face-to-face) .19 .80 

Preference on hybrid (vs face-to-face) -1.15 1.18 

Scheduled sessions (vs non-scheduled sessions) -.55 .88 
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Asynchronous (vs synchronous) -.43 .61 

Satisfactory with Online Mathematics Courses -.02 .01 

 

* p < .05 
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