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of an event occurring in two different categories, and it was computed as the quotient of the odds
of one event in one population with the odds of another event in the other population (Field,
2013). The odds ratio provided information about the effect size of a result, but the researcher
did not find any accepted means for classifying an effect as small, medium, or large based on the
odds ratio.

The final two research questions, which addressed potential differences in the proportion
of students retained in a mathematics course and the proportion of students who persist through
remedial mathematics courses and earn a passing grade in a college-level mathematics course,
could also have theoretically been answered using a Pearson’s Chi-square Test. However, the
format of the data obtained would have made this test extremely difficult to conduct. Therefore,
these questions were analyzed using a Z-test for the difference in two proportions with an
establish level of significance of = 0.05.

The Z-test for the difference in proportions compared the difference in the proportions of
two populations against a null hypothesis, which assumed that there was no difference in the
proportions of the two populations, using a sampling distribution. When the magnitude of the
difference was great enough, then the sample was significantly different from the null
hypothesis. In such an event, the difference observed in the proportions of the two samples was
statistically significant and the alternative hypothesis, that the difference was not zero, was
accepted (Starnes et al., 2015). This tests assumed a random sample of appropriate size, which
can be obtained from the population using IBM’s SPSS software. For the Z-test to be valid, it
was assumed that the sample size was small enough, relative to the population, so that the
probability of an event occurring using selection without replacement was essentially the same as

the probability of an event occurring if the sample was made using selection with replacement.
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This independence of probabilities condition required that the sample size be not more than one-
tenth of the total population size; however, to ensure the normality assumption of the Z-test, the
sample must have been great enough that at least ten observations of each possible outcome
could be recorded (Starnes et al., 2015). For any of the analyses of the final two research
questions that were statistically significant, the effect size was considered using both the odds
ratio and Cramer’s phi. The odds ratio was defined above, but Cramer’s phi is a standardized
measure of effect size with possible values between zero and one. For Cramer’s phi, the effect
size was considered small for values of 0.1, medium for values of 0.3, and large for values of 0.5
(Field, 2013).

To answer research question six, random samples of a specified percentage of the
population were obtained and analyzed to determine if there was a significant difference in the
proportion of students who completed the given semester or who were retained in a mathematics
course the following semester, respectively. While individual students often accounted for more
than one enrollment in the data, the sample taken was for an individual enroliment and not for an
individual student.

Research question seven was answered differently. Because the definition of persistence
necessitated that a student earns a college-level mathematics credit after completing MAT 085, a
random sample was taken only of students who successfully completed MAT 085. The
proportion of these students who earned a college-level mathematics credit was compared using
a Z-test for the difference in two proportions based on the delivery methodology of the student’s
MAT 085 course regardless of the delivery methodology of the college-level mathematics

course.
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Chapter 4
Findings and Analysis

The primary purpose of this study was to examine the relative effectiveness of online
versus face-to-face delivery methodology on student success in remedial mathematics courses.
The population for this study was each enrollment in a remedial mathematics course, defined as
MAT 055, MAT 065, or MAT 085, taken at SCC between the Fall 2011 and Spring 2016
semesters. This population consisted of data from 9,440 anonymous students who comprised
20,365 individual course enrollments during the identified time period.

The primary research question, which was used as the foundation of the study in an effort
to address the purpose of the study was: How does student achievement, retention, and
persistence compare in remedial mathematics courses between online and traditional delivery
methods? To facilitate answering this question, each remedial course, MAT 055, MAT 065, and
MAT 085 was analyzed separately using six research questions. In addition, student enroliments
in MAT 085 were used to answer a seventh research question. These seven research questions
were:

1. s there a significant difference in the distribution of course grades between remedial

mathematics courses taught using online versus traditional methods?

2. Is there a significant difference in the distribution of course grades between remedial
mathematics courses taught using online versus traditional methods if only students
who complete the course are considered?

3. Is there a significant difference in the distribution of course grades between remedial
mathematics courses taught using online versus traditional methods for traditional and

non-traditional students?
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4. s there a significant difference in the distribution of course grades between remedial
mathematics courses taught using online versus traditional methods for part-time or
full-time students?

5. Is there a significant difference in the proportion of students who complete remedial
mathematics courses between students taught using online versus traditional
methods?

6. Isthere a significant difference in the proportion of students retained in a
mathematics course the following semester between remedial mathematics courses
taught using online versus traditional methods?

7. s there a significant difference in the proportion of students who persist in earning a
college-level mathematics credit between students enrolled in MAT 085 courses
taught using online versus traditional methods?

Description of Information Collected

Data on student enrollments were requested and obtained from SCC for all enroliments of
a student in any remedial mathematics course offered by the school from the Fall 2011 through
the Spring 2016 semesters. These data included the catalog number and term in which the
course was offered, the student’s age at the time of the offering, the student’s academic load
(part-time or full-time), the grade that each student earned in the course, the delivery
methodology for the course, and a generated, anonymous student identifier. In addition, the last
date of attendance for all students who failed the course was requested. Matthew Jones,
Coordinator of the Office of Independent Effectiveness and Research at SCC, stated that the last

date of attendance information was missing from a substantial number of the students who
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received a failing grade (M. Jones, personal communication, November 1, 2016). The last dates
of attendance that were available, however, were included with the data.

For each of the remedial classes, MAT 055, MAT 065, and MAT 085, offered at SCC,
the only valid passing grades were A, B, and C (M. Jones, personal communication, November
1, 2016). For this reason, although the data provided does contain a few scores of D or MP,
which indicated that the student was making progress in the course but did not earn a passing
score, each of these cases is included in the appropriate distribution along with all of the other
failing grades.

Research Questions

This study addressed the relative effectiveness of online versus face-to-face instructional
methodology for remedial mathematics through seven identified research questions. This section
details the results of the quantitative analysis of each of these research questions considering
individual courses, MAT 055, MAT 065, and MAT 085, separately. These questions were
addressed using chi-square tests, and, in each analysis, the assumption that each cell of the
associated contingency table contained at least five data points was satisfied.

Research Question 1. Research Question 1 addressed potential differences in the
distribution of grades in remedial mathematics courses taught between online and face-to-face
methodologies. For this question, the distribution of grades was considered from multiple
perspectives in order to fully understand any differences in the distributions. Therefore, for each
remedial course, a chi-square test was conducted in order to consider the distribution of only
assigned grades A, B, C, D/E/FIMP. Another chi-square test considered only the distribution of
passing and failing grades, and a final analysis considered only the distribution of students who

earned a credit (A, B, C) compared to those who did not earn a credit (failed or withdrew).
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MAT 055. There were a total of 6,445 student enrollments in MAT 055 courses
delivered either face-to-face or online at SCC between the Fall 2011 semester and the Spring
2016 semester. The contingency table for the distribution of grades assigned as A, B, C, F is
Table 1.

Table 1

Contingency Table of Distribution of A, B, C, D, F Grades for MAT 055

Delivery Methodology Course Grade

A B C F  Total
Face-to-Face 1433 582 18 2561 4594
Online 261 327 149 561 1298
Total 1694 909 167 3122 5892

These data revealed a significant difference between the overall distribution of course
grades in MAT 055 (%(3) = 615.057, p <.001). A cursory examination of the contingency
table, however, suggested that this difference may have been a result of the extreme differences
observed in the distribution of grades A, B, and C. Therefore, a second contingency table was
considered which only accounted for passing or failing grades. The contingency table for this
distribution is Table 2.

Table 2

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 2033 2561 4594
Online 737 561 1298

Total 2770 3122 5892
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These data also revealed a significant difference in the distribution of passing and failing
course grades for MAT 055 (y%(1) = 63.747, p < .001). Based on the odds ratio, a student was
1.65 times more likely to earn a passing grade in MAT 055 if the course was taken online rather
than taken face-to-face. These data, though, did not account for the number of students who
withdrew from the course and, thus, did not earn a grade and also did not earn credit for the
course. A final contingency table was analyzed for MAT 055 in which each student enrollment
was categorized based only on whether a credit was earned or not. The contingency table for this
distribution is Table 3.

Table 3

Contingency Table of the Distribution of Credit Earned for MAT 055

Delivery Methodology Credit Earned

Yes No Total
Face-to-Face 2033 3015 5048
Online 737 660 1397
Total 2770 3122 6445

There was a significant difference in the distribution of students earning credit,
accounting for each student enrollment, for MAT 055 (x*(1) = 69.568, p < .001). Based on the
odds ratio, a student was 1.66 times more likely to earn a credit in MAT 055 if the course was
taken online rather than taken face-to-face.

MAT 065. There were a total of 7,252 student enrollments in MAT 065 courses

delivered either face-to-face or online at SCC between the Fall 2011 semester and the Spring
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2016 semester. The contingency table for the distribution of grades assigned as A, B, C, F is
Table 4.

Table 4

Contingency Table of Distribution of A, B, C, F Grades for MAT 065

Delivery Methodology Course Grade

A B C F  Total
Face-to-Face 1056 958 46 2656 4716
Online 179 384 221 954 1738
Total 1235 1342 267 3610 6454

These data revealed a significant difference between the overall distribution of course
grades in MAT 065 (%(3) = 522.582, p <.001). The extreme differences observed in the
distribution of passing grades in Table 4 prompted a second chi-square test considering only
passing or failing scores. The contingency table for this distribution is Table 5.

These data did not reveal a significant difference in the distribution of passing and failing
course grades for MAT 065 (%(1) = 1.051, p = .305). However, these data did not account for
the number of students who withdrew from the course and, thus, did not earn a grade and also
did not earn credit for the course.

Table 5

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 2060 2656 4716
Online 784 954 1738

Total 2844 3610 6454




A final contingency table was analyzed for MAT 065 that grouped each student

enrollment based on whether a credit was earned or not. The contingency table for this
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distribution is Table 6. There was also not a significant difference in the distribution of students

earning credit, accounting for each student enrollment, for MAT 065 (y*(1) = 0.382, p = 0.537).

Table 6

Contingency Table of the Distribution of Credit Earned for MAT 065

Delivery Methodology

Credit Earned

No Total
Face-to-Face 3222 5282
Online 1186 1970
Total 4408 7252

MAT 085. There were a total of 2,900 student enrollments in MAT 085 courses
delivered either face-to-face or online at SCC between the Fall 2011 semester and the Spring

2016 semester. The contingency table for the distribution of grades assigned as A, B, C, F is

Table 7.

Table 7

Contingency Table of Distribution of A, B, C, D, F Grades for MAT 085

Delivery Methodology

Course Grade

A B C F  Total
Face-to-Face 341 398 39 947 1725
Online 90 173 105 366 734
Total 431 571 144 1313 2459
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These data did show a significant difference in the overall distribution of course grades in
MAT 085 (y*(3) = 146.604, p < .001). The substantial differences evident in the distribution of
passing grades in Table 7 prompted a second chi-square test considering only passing or failing
scores. The contingency table for this distribution is Table 8.

These data did reveal a significant difference in the distribution of passing and failing
course grades for MAT 085 (%(1) = 5.245, p = .022). Based on the odds ratio, a student was
1.13 times more likely to earn a credit in MAT 085 if the course was taken online rather than
taken face-to-face.

Table 8

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 778 947 1725
Online 368 366 734
Total 1146 1313 2459

A final contingency table was analyzed for MAT 085 which grouped each student
enrollment based only on whether a credit was earned or not. The contingency table for this
distribution is Table 9. There was not a significant difference in the distribution of students
earning credit, accounting for each student enrollment, for MAT 085 (x*(1) = 2.272, p = 0.132).

Research Question 2. To consider the distribution of course grades based on students
who completed the course, this study elected to consider a student as having completed the
course if the student either passed the course or had a last reported date of attendance within the

final ten days of the semester. The data received from SCC, however, was missing this date
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from 389 of the 4,806 records in which a student failed a remedial mathematics course. The
distribution of these 389 records with missing last dates of attendance was initially examined to
determine if they were evenly distributed between online and face-to-face sections. The
contingency table for these data is Table 10.

Table 9

Contingency Table of the Distribution of Credits Earned for MAT 085

Delivery Methodology Credit Earned
Yes No Total
Face-to-Face 778 1237 2015
Online 368 517 885
Total 1146 1754 2900
Table 10

Contingency Table of the Distribution of Missing Last Date of Attendance Records

Delivery Methodology Last Date of Attendance

Missing Present Total
Face-to-Face 165 3157 3322
Online 224 1260 1484
Total 389 4417 4806

The chi-square test showed a significant difference in the proportion of missing final
dates of attendance between online and traditionally delivered courses (¥*(1) = 141.430, p <
.001). Based on the odds ratio, a student was 3.40 times more likely, if the student failed a
remedial mathematics course, to have a missing last date of attendance if the student had taken

the course online rather than in a face-to-face section.
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Because the number of students with missing records was only 8.1% of the entire
population of students who failed a remedial mathematics course, and because there was no
evidence that students who failed but did not have a last date of attendance reported did not
actually complete the course, the analysis for Research Question 2 was conducted by grouping
the students who failed but have missing last dates of attendance with the students who
completed the course. In addition, the analysis of Research Question 1 revealed obvious
differences in the distribution of passing grades for each of MAT 055, MAT 065, and MAT 085;
therefore, for Research Question 2 only the distribution of passing and failing grades were
considered because the trimmed sample had no impact on students with passing grades.

MAT 055. Of the 6,445 total student enrollments in MAT 055 courses delivered either
face-to-face or online at SCC between the Fall 2011 semester and the Spring 2016 semester,
there were 4,346 students who completed the course as defined in this study. The contingency
table for the distribution of passing and failing grades for students who completed MAT 055 is
Table 11.

Table 11

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Students
Who Completed the Course

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 2033 1375 3408
Online 737 201 938
Total 2770 1576 4346

These data did reveal a significant difference in the distribution of passing and failing

course grades for students who completed MAT 055 (*(1) = 113.892, p < .001). Based on the
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odds ratio, a student was 2.48 times more likely to earn a passing grade in MAT 055 if the course
was taken online rather than taken face-to-face.

MAT 065. Of the total of 7,252 student enrollments in MAT 065 courses delivered either
face-to-face or online at SCC between the Fall 2011 semester and the Spring 2016 semester,
there were a total of 4,897 students who completed the course. The contingency table for the
distribution of passing and failing grades assigned in MAT 065 for students who completed the
course is Table 12. There was not a significant difference in the distribution of students earning
a passing grade, when only students who completed the course were considered, for MAT 065
(A1) = 2.422, p = .120).

Table 12

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Students
Who Completed the Course

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 2060 1528 3588
Online 784 525 1309
Total 2844 2053 4897

MAT 085. Of the 2,900 total student enrollments in MAT 085 courses delivered either
face-to-face or online at SCC between the Fall 2011 semester and the Spring 2016 semester,
there were 1,886 students who completed the course. The contingency table for the distribution
of passing and failing grades is Table 13

There was a significant difference in the distribution of students earning a passing grade,

when only students who completed the course were considered, for MAT 085 (y%(1) = 16.764, p
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<.001). Based on the odds ratio, a student who completed the course was 1.55 times more likely
to earn a passing grade in MAT 085 if the course was taken online rather than taken face-to-face.
Table 13

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Students
Who Completed the Course

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 778 567 1345
Online 368 173 541
Total 1146 740 1886

Research Question 3. The third research question for this study examined the relative
impact of online compared to face-to-face instruction in remedial mathematics courses on
traditional and non-traditional students. Traditional students for the purpose of this analysis were
defined as students between the ages of 18 and 24, and non-traditional students were those
students who were at least 25 years old at the time of the course. For each remedial mathematics
course offered by SCC, the distribution of passing and failing grades were analyzed for
traditional students between online and in-person sections, for non-traditional students between
online and in-person sections, for in-person sections between traditional and non-traditional
students, and finally for online sections between traditional and non-traditional students.

MAT 055. During the time of this study, there were 2,762 traditional student enrollments
in MAT 055 which resulted in a passing or failing grade omitting students who withdrew from
the course. The contingency table for the distribution of passing and failing grades for these

students is Table 14.
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There was a significant difference in the distribution of students earning a passing grade,
when only traditional students were considered, for MAT 055 (?(1) = 17.941, p < .001). Based
on the odds ratio, a traditional student was 1.52 times more likely to earn a passing grade in
MAT 055 if the course was taken online rather than taken face-to-face.

Table 14

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Traditional
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 929 1328 2257
Online 260 245 505
Total 1189 1573 2762

There were another 3,130 non-traditional student enrollments in MAT 055 which resulted
in a passing or failing grade when the students who withdrew were omitted. The contingency
table for the distribution of passing and failing grades for these students is Table 15.

Table 15

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Non-
Traditional Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 1104 1233 2337
Online 477 316 793
Total 1581 1549 3130

There was a significant difference in the distribution of students earning a passing grade,

when only non-traditional students were considered, for MAT 055 (y%(1) = 39.485, p < .001).
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Based on the odds ratio, a non-traditional student was 1.69 times more likely to earn a passing
grade in MAT 055 if the course was taken online rather than taken face-to-face.

The previous two contingency tables addressed the relative differences between online
and face-to-face remedial mathematics courses when traditional or non-traditional students are
considered independently. Additionally, analysis was conducted on the difference between
traditional and non-traditional student performance in online sections and then, separately, in
face-to-face sections. The contingency table for the distribution of passing and failing grades for
face-to-face sections with students categorized as traditional or non-traditional in MAT 055 is
Table 16.

Table 16

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Face-to-
Face Sections

Student Classification Course Grade

Pass Fail Total
Traditional 929 1328 2257
Non-Traditional 1104 1233 2337
Total 2033 2561 4594

There was a significant difference in the distribution of students earning a passing grade
in face-to-face delivered sections when students were divided into traditional and non-traditional
groups, for MAT 055 (y2(1) = 17.200, p < .001). Based on the odds ratio, a non-traditional
student was 1.28 times more likely to earn a passing grade in a face-to-face section of MAT 055
than a traditional student.

The contingency table for the distribution of passing and failing grades for online

sections with students categorized as traditional or non-traditional is Table 17. There was a
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significant difference in the distribution of students earning a passing grade in online delivered
sections when students were divided into traditional and non-traditional groups, for MAT 055
(%(1) = 9.442, p = .002). A non-traditional student, as measured by the odds ratio was 1.42
times more likely to earn a passing grade in an online section of MAT 055 than a traditional
student.

Table 17

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Online
Delivered Sections

Student Classification Course Grade

Pass Fail Total
Traditional 260 245 505
Non-Traditional 477 316 793
Total 737 561 1298

MAT 065. During the time of this study, there were 3,160 traditional student enrollments
in MAT 065 which resulted in a passing or failing grade omitting students who withdrew from
the course. The contingency table for the distribution of passing and failing grades for these
students is Table 18. There was not a significant difference in the distribution of students
earning a passing grade, when only traditional students were considered, for MAT 065 (y*(1) =
2.817, p =.093).

There were another 3,294 non-traditional student enrollments in MAT 065, which
resulted in a passing or failing grade omitting the students who withdrew. The contingency table
for the distribution of passing and failing grades for these students is Table 19. There was not a
significant difference in the distribution of students earning a passing grade, when only non-

traditional students were considered, for MAT 065 (y*(1) = 0.458, p = .499).
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Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Traditional

Students

Delivery Methodology

Course Grade

Pass Fail Total

Face-to-Face 1045 1484 2529

Online 284 347 631

Total 1329 1831 3160
Table 19

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Non-

Traditional Students

Delivery Methodology

Course Grade

Pass Fail Total
Face-to-Face 1015 1172 2187
Online 500 607 1107
Total 1515 1779 3294

While the two previous chi-square tests addressed the relative differences in the

distribution of passing and failing grades between face-to-face and online sections of MAT 065

for traditional and non-traditional students separately, additional analysis was conducted to

consider the relative differences in the distribution of passing and failing grades between

traditional and non-traditional students in face-to-face and then online sections, respectively.

The contingency table for the distribution of passing and failing grades for face-to-face sections

with students categorized as traditional or non-traditional in MAT 065 is Table 20.
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There was a significant difference in the distribution of students earning a passing grade
in face-to-face delivered sections when students were divided into traditional and non-traditional
groups, for MAT 065 (y*(1) = 12.351, p < .001). Based on the odds ratio, a non-traditional
student was 1.23 times more likely to earn a passing grade in an in-person section of MAT 065
than a traditional student.

Table 20

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Face-to-
Face Sections

Student Classification Course Grade

Pass Fail Total
Traditional 1045 1484 2529
Non-Traditional 1015 1172 2187
Total 2060 2656 4716

The contingency table for the distribution of passing and failing grades for online
sections with students categorized as traditional or non-traditional for MAT 065 is Table 21.
Table 21

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Online
Delivered Sections

Student Classification Course Grade

Pass Fail Total
Traditional 284 347 631
Non-Traditional 500 607 1107

Total 784 954 1738
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There was not a significant difference in the distribution of students earning a passing
grade in online delivered sections when students were divided into traditional and non-traditional
groups, for MAT 065 (y*(1) = .004, p = .949).

MAT 085. There were 1,249 traditional student enrollments in MAT 085 during the time
of this study which resulted in a passing or failing grade omitting students who withdrew from
the course. The contingency table for the distribution of passing and failing grades for these
students is Table 22. There was not a significant difference in the distribution of students
earning a passing grade, when only traditional students were considered, for MAT 085 (y*(1) =
3.266, p = .071).

Table 22

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Traditional
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 416 532 948
Online 150 151 301
Total 566 683 1249

There were another 1,210 non-traditional student enrollments in MAT 085 which resulted
in a passing or failing grade omitting the students who withdrew. The contingency table for the
distribution of passing and failing grades for these students is Table 23. There was not a
statistically significant difference in the distribution of students earning a passing grade, when
only non-traditional students were considered, for MAT 085 (y*(1) = 1.573, p = .210).

The two previous chi-square tests addressed the relative differences in the distribution of

passing and failing grades between face-to-face and online sections of MAT 085 for traditional
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and non-traditional students separately. Additional analysis was conducted to consider the
relative differences in the distribution of passing and failing grades between traditional and non-
traditional students in face-to-face and then online sections, respectively. The contingency table
for the distribution of passing and failing grades for face-to-face sections with students
categorized as traditional or non-traditional in MAT 085 is Table 24.

Table 23

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Non-
Traditional Students

Delivery Methodology Course Grade
Pass Fail Total
Face-to-Face 362 415 i
Online 218 215 433
Total 580 630 1210
Table 24

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Face-to-
Face Sections

Student Classification Course Grade

Pass Fail Total
Traditional 416 532 948
Non-Traditional 362 415 77
Total 778 947 1725

There was not a significant difference in the distribution of students earning a passing
grade in face-to-face delivered sections when students were divided into traditional and non-

traditional groups, for MAT 085 (y*(1) = .264, p = .261).
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The contingency table for the distribution of passing and failing grades for online
sections with students categorized as traditional or non-traditional for MAT 085 is Table 25.
There was not a significant difference in the distribution of students earning a passing grade in
online delivered sections when students were divided into traditional and non-traditional groups,
for MAT 085 (44(1) = .019, p = .891).

Table 25

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Online
Delivered Sections

Student Classification Course Grade

Pass Fail Total
Traditional 150 151 301
Non-Traditional 218 215 433
Total 368 366 734

Research Question 4. This study’s fourth research question considered the relative
impact on full-time versus part-time students of online compared to face-to-face instruction in
remedial mathematics courses. SCC classified each student as either full-time or part-time each
semester, and this study used the school’s classification for each student. The distribution of
passing and failing grades for each remedial mathematics course offered by SCC was analyzed
for full-time students between online and in-person sections, for part-time students between
online and in-person sections, for in-person sections between full-time and part-time students,
and finally for online sections between full-time and part-time students.

MAT 055. During the time of this study, there were 3,490 student enrollments in MAT

055 by students classified as full-time which resulted in a passing or failing grade omitting
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students who withdrew from the course. The contingency table for the distribution of passing
and failing grades for these students is Table 26.
Table 26

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Full-Time
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 1329 1510 2839
Online 391 260 651
Total 1720 1770 3490

There was a significant difference in the distribution of students earning a passing grade,
when only full-time students were considered, for MAT 055 (y?(1) = 37.192, p < .001). Based
on the odds ratio, a full-time student was 1.71 times more likely to earn a passing grade in MAT
055 if the course was taken online rather than taken face-to-face.

There were another 2,400 part-time student enrollments in MAT 055 which resulted in a
passing or failing grade omitting the students who withdrew. The contingency table for the
distribution of passing and failing grades for these students is Table 27.

Table 27

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Part-Time
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 702 1051 1753
Online 346 301 647

Total 1048 1352 2400
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There was a significant difference in the distribution of students earning a passing grade,
when only part-time students were considered, for MAT 055 (y(1) = 34.661, p < .001). Based
on the odds ratio, a part-time student was 1.72 times more likely to earn a passing grade in MAT
055 if the course was taken online rather than taken face-to-face.

The previous two contingency tables addressed the relative differences between online
and face-to-face remedial mathematics courses when full-time or part-time students are
considered independently. Additionally, analysis was conducted on the relative effect on student
performance in online sections and then, separately, in face-to-face sections between full-time
and part-time students. The contingency table for the distribution of passing and failing grades
for face-to-face sections with students categorized as full-time or part-time in MAT 055 is Table
28.

Table 28

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Face-to-
Face Sections

Student Classification Course Grade

Pass Fail Total
Full-Time 1329 1510 2839
Part-Time 702 1051 1753
Total 2031 2561 4592

There was a significant difference in the distribution of students earning a passing grade
in face-to-face delivered sections when students were divided into full-time and part-time
categories, for MAT 055 (y?(1) = 20.117, p < .001). Based on the odds ratio, a full-time student

was 1.32 times more likely to earn a passing grade in an in-person section of MAT 055 than a
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traditional student. The contingency table for the distribution of passing and failing grades for
online sections with students categorized full-time or part-time is Table 29.
Table 29

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Online
Delivered Sections

Student Classification Course Grade

Pass Fail Total
Full-Time 391 260 651
Part-Time 346 301 647
Total 737 561 1298

There was a significant difference in the distribution of students earning a passing grade
in online delivered sections when students were divided into full-time and part-time categories,
for MAT 055 (%(1) = 5.732, p < .001). Based on the odds ratio, a full-time student was 1.31
times more likely to earn a passing grade in an online section of MAT 055 than a part-time
student.

MAT 065. During the time of this study, there were 3,739 full-time student enroliments
in MAT 065 which resulted in a passing or failing grade omitting students who withdrew from
the course. The contingency table for the distribution of passing and failing grades for these
students is Table 30.

There was a significant difference in the distribution of students earning a passing grade,
when only full-time students were considered, for MAT 065 (y*(1) = 5.395, p = .020). A full-
time student enrolled on MAT 065 was, based on the odds ratio, 1.19 times more likely to earn a

passing grade if the course was taken in an online as opposed to face-to-face delivered section.
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Table 30

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Full-Time
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 1385 1494 2879
Online 451 409 860
Total 1836 1903 3739

There were another 2,712 part-time student enrollments in MAT 065 which resulted in a
passing or failing grade omitting the students who withdrew. The contingency table for the
distribution of passing and failing grades for these students is Table 31. There was not a
significant difference in the distribution of students earning a passing grade, when only part-time
students were considered, for MAT 065 (%(1) = 0.294, p = .588).

Table 31

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Part-Time
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 674 1162 1836
Online 331 545 876
Total 1005 1707 2712

In addition to considering the relative differences between online and face-to-face
instruction in remedial mathematics courses for full-time and part-time students independently,

the relative difference between full-time and part-time students was analyzed between face-to-
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face and online courses separately. The contingency table for the distribution of passing and
failing grades for face-to-face sections with students categorized as full-time or part-time in
MAT 065 is Table 32.

Table 32

Contingency Table of the Distribution of Passing and Failing Grades for MAT 065 for Face-to-
Face Delivered Sections

Student Classification Course Grade

Pass Fail Total
Full-Time 1385 1494 2879
Part-Time 674 1162 1836
Total 2059 2656 4715

There was a significant difference in the distribution of students earning a passing grade
in face-to-face delivered sections when students were divided into full-time and part-time
categories, for MAT 065 (*(1) = 59.193, p < .001). Based on the odds ratio, a full-time student
was 1.60 times more likely to earn a passing grade in an in-person section of MAT 065 than a
part-time student.

The contingency table for the distribution of passing and failing grades for online
sections with students categorized full-time or part-time is Table 33. There was a significant
difference in the distribution of students earning a passing grade in face-to-face delivered
sections when students were divided into full-time and part-time categories, for MAT 065 (,*(1)
= 37.658, p < .001). Based on the odds ratio, a full-time student was 1.82 times more likely to
earn a passing grade in an online section of MAT 065 than a part-time student.

MAT 085. There were 1,263 enrollments in MAT 085 by full-time students during the

time of this study which resulted in a passing or failing grade omitting students who withdrew
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from the course. The contingency table for the distribution of passing and failing grades for
these students is Table 34. There was not a significant difference in the distribution of students
earning a passing grade, when only full-time students were considered, for MAT 085 (¥*(1) =
554, p = .457).

Table 33

Contingency Table of the Distribution of Passing and Failing Grades for MAT 055 for Online
Delivered Sections

Student Classification Course Grade
Pass Fail Total
Full-Time 451 409 860
Part-Time 331 545 876
Total 782 954 1736
Table 34

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Full-Time
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 478 462 940
Online 172 151 323
Total 650 613 1263

There were another 1,196 part-time student enrollments in MAT 085 which resulted in a
passing or failing grade omitting the students who withdrew. The contingency table for the

distribution of passing and failing grades for these students is Table 35.
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There was a significant difference in the distribution of students earning a passing grade,
when only part-time students were considered, for MAT 085 (y%(1) = 9.971, p = .002). A part-
time student who was enrolled in MAT 085 in an online section was 1.47 times more likely,
according to the odds ratio, to earn a passing grade than a part-time student enrolled in a face-to-
face delivered section.

Table 35

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Part-Time
Students

Delivery Methodology Course Grade

Pass Fail Total
Face-to-Face 300 485 785
Online 196 215 411
Total 496 700 1196

The two previous chi-square tests addressed the relative differences in the distribution of
passing and failing grades between face-to-face and online sections of MAT 085 for full-time
and part-time students separately. Additional analysis was conducted to consider the relative
differences in the distribution of passing and failing grades between part-time and full-time
students in face-to-face and then online sections, respectively. The contingency table for the
distribution of passing and failing grades for face-to-face sections with students categorized as
full-time or part-time in MAT 085 is Table 36.

There was a significant difference in the distribution of students earning a passing grade
in face-to-face delivered sections when students were divided into full-time and part-time groups

for MAT 085 (%(1) = 27.579, p < .001). Based on the odds ratio, a full-time student was 1.67
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times more likely to earn a passing grade in MAT 085 taken in a face-to-face section than a part-
time student.
Table 36

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Face-to-
Face Sections

Student Classification Course Grade

Pass Fail Total
Full-Time 478 462 940
Part-Time 300 485 785
Total 778 947 1725

The contingency table for the distribution of passing and failing grades for online
sections with students categorized as full-time or part-time for MAT 085 is Table 37.
Table 37

Contingency Table of the Distribution of Passing and Failing Grades for MAT 085 for Online
Delivered Sections

Student Classification Course Grade

Pass Fail Total
Full-Time 172 151 323
Part-Time 196 215 411
Total 368 366 734

There was not a significant difference in the distribution of students earning a passing
grade in online delivered sections when students were divided into full-time and part-time

groups, for MAT 085 (%(1) = 2.238, p = .135).
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Research Question 5. The fifth research question concerned the completion rate for
students enrolled in online as compared to face-to-face sections of remedial mathematics
courses. A student was considered to have completed a course if either the student earned a
passing grade in the course or the student’s reported last date of attendance was within the last
ten days of the given semester. All students who withdrew from a course were classified as not
completing the course.

MAT 055. There were a total of 6,447 students enrolled in MAT 055 at SCC during the
dates of this study. The contingency table comparing the delivery method and course completion
status for these students is Table 38. There was not a significant difference in the proportion of
students completing MAT 055, (5%(1) = .645, p = .799), between those who took the course
online as compared to a face-to-face delivered section.

Table 38

Contingency Table of the Distribution of Course Completion for MAT 055 Categorized by Delivery
Methodology

Delivery Methodology Course Completion

Completed Not Completed Total
Face-to-Face 3409 1641 5050
Online 938 459 1397
Total 4347 2100 6447

MAT 065. During the dates of this study, there were a total of 7,262 students enrolled in
either an online or face-to-face section of MAT 065 at SCC. The contingency table comparing
the delivery method and course completion status for these students is Table 39. There was not a
significant difference in the proportion of students completing MAT 065, (¥*(1) = 1.132, p =

.287), between those who took the course online as compared to a face-to-face delivered section.
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Table 39

Contingency Table of the Distribution of Course Completion for MAT 065 Categorized by Delivery
Methodology

Delivery Methodology Course Completion

Completed Not Completed Total
Face-to-Face 3588 1694 5282
Online 1319 661 1980
Total 4907 2355 7262

MAT 085. There were a total of 2,900 students enrolled in either an online or face-to-
face section of MAT 085 at SCC between the Fall 2011 and Spring 2016 semesters. The

contingency table comparing the delivery method and course completion status for these students

is Table 40.

Table 40

Contingency Table of the Distribution of Course Completion for MAT 085 Categorized by Delivery
Methodology

Delivery Methodology Course Completion

Completed Not Completed Total
Face-to-Face 1345 670 2015
Online 541 344 885
Total 1886 1014 2900

There was a significant difference in the proportion of students completing MAT 085,
(*(1) = 8.539, p = .003), between those who took the an online as compared to a face-to-face

delivered section. Based on the odds ratio, a student was 1.28 times more likely to complete
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MAT 085 if the student was enrolled in a face-to-face delivered section as compared to a student
enrolled in an online delivered section.

Research Question 6. In order to consider the relative proportion of students who were
retained, considering MAT 055, MAT 065, and MAT 085 separately, a random sample of
student enrollments was selected from the population of enrollments for each course. For each
enrollment, the student was judged to have been retained if the student was enrolled in any math
class the semester following the semester represented by the randomly selected enrollment. A Z-
test for the difference in two proportions was conducted on each of these random samples, and
the results are reported below.

MAT 055. IBM’s SPSS software was used to select a random sample of approximately
3% of the total number of student enroliments in MAT 055 contained within the scope of this
study. This sample size was appropriate to maintain the independence assumption of the Z-test.
There were eight student enrollments in this random sample which occurred in the Spring 2016
semester, which is the last semester of the study. Therefore, these students were omitted from the
sample because the data were not able to show either retention or a lack of retention. The
normality assumption for the Z-test was met because there were at least five students retained
and five students not retained in both traditionally delivered and online sections of the course.

In the sample for MAT 055, 82 out of 156 students enrolled in traditionally delivered
sections and 9 out of 40 students enrolled in online sections were retained into a mathematics
course at SCC the following semester. These proportions show a significant difference (Z =
3.401, p <.001) between the retention rate of face-to-face and online students in MAT 055.

Based on the odds ratio, a student enrolled in a face-to-face delivered section was 3.82 times
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more likely to be retained than a student enrolled in an online section of the course; however, the
effect size (p=0.243) suggested a small to moderate practical significance.

MAT 065. A random sample of approximately 2% of the total number of student
enrollments in MAT 065 contained within the scope of this study was selected using IBM’s
SPSS software. This sample size was appropriate to maintain the independence assumption of
the Z-test. A total of nine of these student enrollments occurred in the Spring 2016 semester,
which was the last semester of the study. For this reason, these students were omitted from the
sample because the data were not able to show either retention or a lack of retention. The
normality assumption for the Z-test was met because at least five students were retained and not
retained for both face-to-face and online sections of the course.

In the sample for MAT 065, 53 out of 101 students enrolled in traditionally delivered
sections and 14 out of 33 students enrolled in online sections were retained into a mathematics
course at SCC the following semester. There was not a significant difference (Z = 1.003 p =
.316) in the proportion of students in MAT 065 who were enrolled in traditionally delivered
sections as compared with the proportion of students enrolled in online sections of MAT 065.

MAT 085. IBM’s SPSS software was used to select a random sample of approximately
5% of the total number of student enroliments in MAT 085 contained within the scope of this
study was selected. This sample size was appropriate to maintain the independence assumption
of the Z-test. The normality assumption for the Z-test was met because there are at least five
students retained and five students not retained for both delivery methodologies. There were
nine student enrollments in this random sample which occurred in the Spring 2016 semester,
which was the last semester of the study. These students were omitted from the sample because

the data were not able to show either retention or a lack of retention.
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In the sample for MAT 085, 60 out of 97 students enrolled in traditionally delivered
sections and 15 out of 35 students enrolled in online sections were retained into a mathematics
course at SCC the following semester. There was not a significant difference (Z =-1.116, p =
.265) in the proportion of students in MAT 085 who were enrolled in traditionally delivered
sections as compared to the proportion of students enrolled in online sections of MAT 085.

Research Question 7. A student in this study was said to persist in remedial
mathematics if the student both earned as passing grade in MAT 085 and then earned a credit in
any 100-level mathematics course at SCC. The relative proportions of students who persisted to
earn a 100-level mathematics course was analyzed using a Z-Test for the difference in two
proportions by categorizing students by the type of course in which the student earned a passing
grade in MAT 085. A random sample of approximately 5% of the students who earned a passing
grade in MAT 085 was selected. This sample size was consistent with the assumption of
independence required by the Z-Test. In addition, there were at least five students who persisted
and five students who did not persist from both traditionally delivered and online courses, so the
assumption of normality was also valid.

In the selected random sample of students who earned a credit in MAT 085, 31 out of 51
students enrolled in traditional sections and 6 out of 20 students enrolled in online sections
persisted to earn a 100-level mathematics credit at SCC. The proportion of students in the
sample who earned a MAT 085 credit in traditionally delivered sections and persisted was
significantly different (Z = 2.336, p =.020) than the proportion of students enrolled in online
sections of MAT 085 who persisted. A student in a face-to-face section was 1.42 times more
likely to persist than a student who earned a MAT 085 credit in an online section of the course;

however, the effect size (p=0.277) suggests that the practical significance was small to moderate.
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Chapter 5
Summary, Discussion and Conclusions

Advances in educational technology have provided educators with a diverse array of
instructional delivery options, but it is incumbent upon educational leaders to select the course
delivery opportunities which are best able to meet the needs of the students and goals of the
institutions. Educational leaders should be aware of the relative strengths and weaknesses
associated with each delivery methodology in order to mitigate weaknesses and provide students
with the greatest opportunities for success. There are a substantial number of online remedial
mathematics course options for community college students, but the effectiveness of these
courses is not well-established in the literature. Therefore, the primary research objective for this
study was to examine the relative impact on student achievement, retention, and persistence
between remedial mathematics courses delivered in online and face-to-face formats.
Summary of the Literature Review

Technological advances have opened educational opportunities for an increasing number
of students. While more than 30% of all college students participate in online courses,
asynchronous online courses are particularly attractive to community college students whose
non-academic commitments place a premium on the flexibility of time and location provided by
these courses (Bambara et al., 2009; Castle & McGuire, 2010; Driscoll et al., 2012; Frantzen,
2014; Summers et al., 2005). Community college students now account for 54% of all online
course enrollments, and students participating in online courses are more likely to be non-
traditional (Ashby et al., 2011; Bambara et al., 2009; Xu & Jaggars, 2011). While online courses

open opportunities for students who may not otherwise have access to post-secondary education,
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educational leaders are responsible to ensure that these opportunities provide at least equivalent
educational experiences (Cooper, 2004).

Beginning with the publication of Russell’s (1999) work, the casual understanding among
educators was that there is no significant difference in student outcomes based on the delivery
methodology. In the years following 1999, though, several issues with the studies previously
cited became evident including a student selection bias as well as the fact that the majority of
these studies focused on well-prepared students (Frantzen, 2014; Xu & Jaggars, 2011). Little
evidence exists to show the relative effectiveness of online education for academically
underprepared students (Xu & Jaggars, 2011).

Recent studies, however, continue to suggest that online education can be at least as
effective as traditional alternatives (Driscoll et al., 2012; Means et al., 2009). Nguyen (2015), in
a detailed meta-analysis, revealed that student achievement in online courses is modestly better
than in courses in which a face-to-face delivery methodology was used.

Ashby et al. (2011), one of the few studies closely aligned with this study, conducted an
analysis of delivery methodology in community college developmental mathematics courses.
This analysis found that students enrolled in face-to-face sections achieved at higher levels than
online students. However, when the authors trimmed this sample to only include students who
completed the course, online students out-performed face-to-face students because the
completion rate was significantly lower among online students in the study (Ashby et al., 2011).
Consistent with this work, there is evidence that lower performing students fared better in face-
to-face courses than in online courses (Peterson & Bond, 2004).

Beyond student achievement, there are concerns about the impact of online courses on

student retention in developmental courses (Zavarella & Ignash, 2009). In a large study of
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nearly 20,000 community college students, online students had a significantly negative impact on
retention and course grade, and students with lower levels of preparation and motivation were
more likely to struggle online (Xu & Jaggars, 2011). Successful online students need to be self-
regulated learners, but developmental mathematics students are often not self-regulated and lack
the educational background to be successful in an online environment (Ashby et al., 2011;
Driscoll et al., 2012). As Lack (2013) suggested, the current evidence suggests that educational
leaders should assume a cautious approach to online learning.

The poor student success rate in developmental mathematics is a national crisis which is
beginning to attract broad attention (Cafarella, 2014). Students’ previous mathematical struggles
can result in mathematical anxiety or a lack of mathematical self-efficacy which subsequently
can have a negative impact on a student’s ability to be successful in remedial mathematics
sequences that involve multiple remedial courses (Summers et al., 2005). One movement to
address this issue has been to adopt a compressed approach to developmental mathematics which
reduces the total number of courses that students are required to take (Cafarella, 2014).

Student retention rates are an important consideration in the types of courses offered by
educational institutions. Evidence suggests that first-year students, online students, and
community college students have relatively lower retention rates (Ashby et al., 2011; Dupin-
Bryant, 2004). Student participation in developmental mathematics can result in increased
student retention rates among community college students, and this impact can even occur if a
student does not pass the developmental course (Fike & Fike, 2008). Wolfle (2012), though,
suggests that the impact of developmental mathematics courses may be a result of students

participating in small, face-to-face courses which emphasize student integration into college.
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Though retention is important for college planning purposes, student persistence to
degree or program completion is equally important. Nearly half of all community college
students, and a higher percentage of students who begin in developmental courses, drop out
before obtaining a degree or credential (Wolfle, 2012). Even for students who pass all
prescribed remedial mathematics courses face difficulties in earning a college-level mathematics
credit. Some studies show that up to 70% of developmental mathematics students do not
ultimately earn a college-level mathematics credit (Bailey et al., 2010; Benken et al., 2015;
Wolfle, 2012).

Methodology and Data Analysis

Data were obtained on each student enrollment in a remedial mathematics course (MAT
055, MAT 065, and MAT 085) from SCC for the Fall 2011 semester through the Spring 2016
semester. In order to address the primary research objective, seven more focused research
questions were analyzed for each course using appropriate statistical techniques. These seven
questions were:

1. s there a significant difference in the distribution of course grades between remedial

mathematics courses taught using online versus traditional methods?

2. Is there a significant difference in the distribution of course grades between remedial
mathematics courses taught using online versus traditional methods if only students
who complete the course are considered?

3. Is there a significant difference in the distribution of course grades between remedial
mathematics courses taught using online versus traditional methods for traditional and

non-traditional students?
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4. s there a significant difference in the distribution of course grades between remedial
mathematics courses taught using online versus traditional methods for part-time or
full-time students?

5. Is there a significant difference in the proportion of students who complete remedial
mathematics courses between students taught using online versus traditional
methods?

6. Isthere a significant difference in the proportion of students retained in a
mathematics course the following semester between remedial mathematics courses
taught using online versus traditional methods?

7. s there a significant difference in the proportion of students who persist in earning a
college-level mathematics credit between students enrolled in MAT 085 courses
taught using online versus traditional methods?

The analysis of each of these research questions separated by each remedial mathematics
course, as well as a consideration of the common trends across multiple courses, provides an
understanding of the relative effectiveness of online remedial mathematics courses as compared
to face-to-face delivered courses. This understanding provides educational leaders with critical
information in their efforts to offer students effective remedial opportunities prior to enrolling in
college-level mathematics courses.

Summary of Findings

While this study focused on remedial mathematics in general, SCC offers three sequential
courses moving students toward 100-level mathematics courses. For this reason, the findings to
the identified research questions will first be discussed for each course independently. Following

this, the commonalities and differences between the courses from the findings will be discussed.



88

MAT 055. The initial analyses for MAT 055 examined the distribution of grades
between students who took MAT 055 online or in face-to-face sections. These distributions
were significantly different, but it was clear that this difference may have been a result of the
extreme differences in the distribution of passing grades (A, B, and C). In the face-to-face
sections, the passing grades were strongly right-skewed with 1433 A’s, 582 B’s, and only 18 C’s.
In contrast, the distribution of passing grades in online sections was approximately symmetric
with 261 A’s, 327 B’s, and 149 C’s. Because of these obvious differences, the distribution of
grades classifying each as either passing or failing was considered.

There remained a significant difference between online and face-to-face sections in the
distribution of passing and failing grades. This analysis showed that students were 1.65 times
more likely to earn a passing grade in online sections. Accounting for students who withdrew,
and thus still did not earn a credit in the course, the likelihood of an online student passing
remained similar at 1.66 times as likely.

Based on the findings of Ashby et al. (2011) which suggested that controlling for students
who completed the course increased the relative success of online courses, an analysis of the
grade distributions for only students who completed the course was conducted. This analysis
showed that a MAT 055 student who completed that course was 2.48 times more likely to earn a
passing grade if the student took the course online rather than face-to-face. This is particularly
relevant because subsequent analysis showed no significant difference in the completion
percentage between students enrolled in online as compared to face-to-face sections of MAT
055.

In addition to considering all students, an analysis of the distribution of grades was

conducted considering traditional and non-traditional students as two separate groups. For both
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groups, the students enrolled in online sections were more likely to earn a passing grade than
students enrolled in face-to-face sections. Traditional students were 1.52 times more likely to
earn a passing grade in online sections, and non-traditional students were 1.69 times more likely
to earn a passing grade in online sections. When traditional and non-traditional students were
compared keeping the delivery methodology constant, traditional students were 1.28 times more
likely to earn a passing grade in face-to-face sections while non-traditional students were 1.42
times more likely to earn a passing grade in online sections.

An analysis of the relative success of full-time and part-time students was also conducted.
In both cases, students were more likely to earn a passing grade in online sections as compared to
face-to-face sections. Full-time students were 1.71 times more likely to earn a passing grade in
online sections while part-time students were similarly 1.72 times more likely in online sections
to earn a passing grade. When comparing full-time to part-time students, the full-time students
were more likely than part-time students to earn a passing grade regardless of delivery
methodology.

Finally, a random sample of student enrollments was selected to test the null hypothesis.
The proportion of students who were retained to take some mathematics course in the following
semester was the same whether the student was enrolled in the course online or face-to-face. For
MAT 055, there was a significant difference in the rate of retention. In the sample, 52.6% of
face-to-face students were retain compared to only 22.5% of online students.

MAT 065. Like the initial analysis in MAT 055, the first analysis of the overall grade
distributions showed a significant difference; however, there were extreme differences in the
distribution of passing grades for this course as well. As also observed in MAT 055, the

distribution of passing grades in MAT 065 was strongly right-skewed with 1056 A’s, 958 B’s,
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and only 46 C’s. This compared to an approximately symmetric distribution of 179 A’s, 384
B’s, and 221 C’s among students taking the class in online sections. These differences prompted
an analysis of the distribution of passing and failing grades to see if the significant difference
was only a result of these extreme differences or also inherent in the passing and failing grades.

This further analysis showed no significant difference in the distribution of passing and
failing grades, and there was also not a significant difference in the distribution of passing and
failing grades when only those students who completed the course were considered. In addition,
when students who withdrew from the course were included, there is also not a significant
difference in the distribution of students who earned a credit between those who attempted the
course via online or face-to-face methodology.

As in MAT 055, the relative impact of delivery methodology on a students’ grades for
traditional and non-traditional students was considered for MAT 065. Non-traditional students
were 1.23 times more likely to earn a passing grade in face-to-face sections than were traditional
students, but there were no other significant differences in the grade distributions for traditional
or non-traditional students.

After considering the differences in student grades for traditional and non-traditional
students, the relative impact of course delivery methodology was analyzed for full-time and part-
time students. Full-time students were 1.19 times more likely to earn a passing grade in online
versus face-to-face sections, but there was no significant difference identified for part-time
students. When full-time and part-time students were compared with each other in face-to-face
and online sections, full-time students were 1.60 times more likely to earn a passing grade than
part-time students. This difference actually increased for online sections, and in these it was 1.82

times more likely for full-time students to earn a passing grade than part-time students.
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Finally, the completion and retention rates for MAT 065 were examined based on course
delivery methodology. There was neither a significant difference in the completion rate nor the
retention rate for this course.

MAT 085. An initial analysis of the distribution of student grades for MAT 085 was
conducted, and this analysis revealed a significant difference in the distribution of course grades.
However, much like in MAT 065 and MAT 055, one reason for this difference is the dramatic
difference in the distribution of passing grades. The grades in face-to-face sections were right-
skewed, though not to the same magnitude as in the other courses. There were 341 A’s, 398 B’s,
and 39 C’s in face-to-face sections as compared to an approximately symmetric distribution of
90 A’s, 173 B’s, and 105 C’s in online sections.

A significant difference remained between online and face-to-face sections in the
distribution of passing and failing grades. This analysis showed that students were only 1.13
times more likely to earn a passing grade in online sections. However, accounting for students
who withdrew, there was not a significant difference in the likelihood of a student earning a
passing grade in the class regardless of the delivery methodology used by the course.

As in MAT 055, the distribution of passing and failing student grades was considered for
only those students who completed the course. Among these students, the students who enrolled
in an online section of MAT 065 were 1.55 times more likely to earn a passing grade than
students who initially enrolled in a face-to-face section.

The relative impact of online versus face-to-face delivered courses was analyzed for
traditional and non-traditional students. This analysis, though, did not reveal any significant
difference. In a similar fashion, the relative impact of course delivery methodology was

considered for full-time and part-time students. For part-time students, the grade distribution
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was significantly different between online and face-to-face sections. Part-time students were
1.47 times more likely to earn a passing grade in an online as compared to a face-to-face section.
The other significant difference between full-time and part-time students occurred only in face-
to-face courses in which full-time students were 1.67 times more likely to earn a passing grade
than were part-time students.

When completion percentage for MAT 085 students was considered between those
enrolled in online or face-to-face sections, it was found that students enrolled in face-to-face
sections were 1.28 times more likely to complete the course than students enrolled in online
sections. After analyzing the completion percentage, the retention rate was considered; however,
there was not a significant difference in retention rate between online and face-to-face sections.

Finally, the persistence rate was measured using a random sample of those students who
earned a passing grade in MAT 085. This analysis did show a significant difference in the
persistence rate for students who earned a MAT 085 credit in an online as compared to a face-to-
face section. In the random sample selected for this analysis, 60.8% of student who earned a
MAT 085 credit in a face-to-face course persisted to earn a 100-level mathematics credit at SCC
compared to only 30.0% of students who earned a MAT 085 credit in an online course.

Commonalities and Differences. The above analysis considered each remedial course
at SCC separately, but there are also commonalities and differences among these courses. In all
three courses, there was a significant difference in the distribution of course grades based on
delivery methodology. An examination of the distribution of passing grades, though, for each
course showed extreme differences in the distribution of A’s, B’s, and C’s. In face-to-face
courses, these grades were strongly skewed with a mode grade of an A; however, for online

courses the passing grades were more symmetric with a mode grade of B.



93

Subsequent analysis considering only the distribution of passing and failing grades
continued to show a greater likelihood of student success in online courses for MAT 055 and
MAT 085 and no significant difference in the distributions for MAT 065. When this sample was
trimmed for only students who completed the course, the likelihood of success increased in the
courses in which it was previously significant, and any difference remained insignificant in MAT
065.

When the relative impact of course delivery methodology was analyzed for traditional
and non-traditional students, both groups performed significantly better in online courses than
face-to-face courses in MAT 055. There was not a significant difference, though, between
traditional or non-traditional student performance between online or face-to-face courses in
MAT 065 or MAT 085. When non-traditional students were compared with traditional students,
with the exception of traditional students out-performing non-traditional students in face-to-face
sections of MAT 055, there was either no difference or the non-traditional students out-
performed the traditional students in MAT 065 and MAT 085.

A similar analysis considering the relative impact of course delivery methodology on
full-time and part-time students was also conducted. Both groups performed either equivalently
or significantly better in online sections as compared to face-to-face sections in all three courses.
Furthermore, other than in online sections of MAT 085 in which full-time and part-time student
performed equivalently, full-time students consistently out-performed part-time students in all
developmental mathematics courses.

While student achievement tended to improve in online sections, and there was no case in
which student achievement was improved in face-to-face courses, examining the completion

rate, retention rate, and persistence rate together paints a different picture. While there is no
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significant difference in completion percentage in MAT 055 or MAT 065, face-to-face students
were more likely to complete the course than online students in MAT 085. Considering retention
rate, MAT 065 and MAT 085 students did not have a significant difference in retention;
however, students were significantly more likely to be retained to the next semester in MAT 055
face-to-face sections than in online sections. Finally, when persistence was measured among
students who completed MAT 085, those students who earned a MAT 085 credit in an online
section were less likely to ultimately earn a passing grade in a 100-level mathematics course at
SCC.
Summary of Conclusions

This study is consistent with previous research which suggests that online remedial
mathematics can be at least as effect as face-to-face delivery methodologies (Driscoll et al.,
2012; Means et al., 2009; Nguyen, 2015). The relative effectiveness of online course delivery
methodology on student achievement was greatest at the lowest level of remedial mathematics,
but students in face-to-face sections did not out-perform students in online sections at any level
of remedial mathematics in this study. Furthermore, this modest advantage in favor of online
sections was maintained when comparing traditional and non-traditional students as well as full-
time and part-time students. Considering only student achievement, online delivery
methodologies were demonstrated to be at least as effective as traditional delivery methodologies
for community college remedial mathematics courses. It should be noted that, consistent with
the work of Ashby et al. (2011), relative student achievement did move positively in the
direction of students enrolled in online sections of remedial mathematics when only students

who completed the course were considered.
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Successful completion of any course is the result of the interaction of numerous variables,
so it is difficult to determine the most critical factors for student success. However, based on
previous research and personal experiences teaching remedial mathematics students, the
researcher hypothesizes that these positive outcomes in favor of online delivered remedial
mathematics courses are possibly the result of the individualized instruction provided in online
instruction environments. Students come to remedial mathematics courses with various strengths
and weaknesses, and individualized learning opportunities allow a student to invest his or her
learning time on identified weaknesses while skipping topics that have already been mastered.

In traditionally delivered mathematics courses, the entire class moves through the material at a
uniform rate, which is prescribed by the instructor. This individualization advantage is
particularly true in the lowest levels of developmental mathematics since the topics of such
courses are more skill-based, such as operations with integers, than concept-based. Furthermore,
these advantages for all students increase for non-traditional and part-time students who often
experience the greatest advantage from the flexible schedule of online courses.

The non-grade based concerns of completion percentage, retention rate, and persistence
paint a less favorable picture for online remedial mathematics courses. The overall completion
percentage either showed no significant difference or was significantly higher for face-to-face
sections. Similarly, retention rate was either not significantly different or was significantly
different in favor of traditionally delivered courses. This is consistent with previous research
which also showed that the differences were modest (Ashby et al., 2011; Fike & Fike, 2008;
Peterson & Bond, 2004; Wolfle, 2012).

The researcher hypothesizes that these results are likely the result of a combination of

academic and social factors. Students in remedial mathematics courses, by definition, have not
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been successful in previous mathematics courses. As such, remedial mathematics students often
have a fear of the discipline as well as a lack of mathematical self-efficacy, which can result in
low completion rates. Face-to-face students, however, may have an advantage over online
students because of the opportunity to develop a personal relationship with the instructor or
fellow students. These relationships can help to mitigate other factors that decrease completion
and retention rates.

Finally, the ultimate goal of remedial mathematics is to prepare students to successfully
earn a credit in a college-level mathematics course. Previous research showed a low overall
success rate in achieving this goal, so educational leaders are interested in determining ways to
improve this success rate (Bailey et al., 2010; Benken et al., 2015; Wolfle, 2012). This study
showed that students who earned a MAT 085 credit in an online course had a significantly lower
probability of ultimately earning a college-level mathematics credit. The researcher believes that
this may be evidence that face-to-face students develop a deeper understanding of the
mathematical content than online students, but other explanations are also possible. One such
alternative explanation to be considered is the delivery methodology of the college-level
mathematics courses. If students are not given the same opportunities for online instruction in
their non-remedial mathematics courses, then students who have been successful in online
remedial mathematics courses may have difficulties transitioning back to traditionally delivered
courses.

The results of this study lead the researcher to conclude, similar to Lack (2013), that
educational leaders should be cautiously optimistic in offering online sections of remedial
mathematics. These courses can offer at least equivalent educational opportunities to students

who may, for a variety of reasons, be unable to attend traditionally delivered classes. However,
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there are risk factors surrounding student completion, retention, and persistence which need to be
considered and, if possible, mitigated.
Limitations

There are some limitations to the generalizability of this study to be considered. These
include the narrowly selected population, the type of data that were available, and the limitations
of the particular statistical tests used in the analysis. An obvious limitation in this study is the
narrow population resulting from a singular focus on remedial mathematics courses at SCC. The
primary aim of this study was to consider the relative effectiveness of course delivery
methodology, so the study focused on a single community college in order to separate course
delivery methodology from other factors such as curriculum or demographics. The data
provided did not identify the particular curriculum or learning management software used in a
course, but these variables are consistent at a single community college during a single semester.

Because the aim of this study was to consider the relative effectiveness of course delivery
methodology on remedial mathematics, it was important to utilize data from several academic
semesters. This required, however, the use of historical data since this study could not feasibly
track students across multiple years. The historical data available for this study did not allow for
any examination of particular assessments, such as scores on the final exam or attendance data
beyond a failing student’s final date of attendance. In addition, the last date of attendance data
were missing for some of the students who failed a course, and this influenced some of the
definitions of concepts analyzed, including retention and persistence, in this study.

The missing last dates of attendance in the data are the result of instructor error. This
error suggests that there may be a difference in the level of training received by the course

instructors of the remedial mathematics courses at SCC. While the instructor pool is relatively
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small at a single community college, there was not a control in this study for the course instructor
or the level of training received by the instructor prior to the course.

Finally, the analysis in this study uses Chi-square tests as well as Z-tests for the
difference in proportions. Such analysis is appropriate for revealing a statistically significant
difference in two groups; however, such analysis does not allow for an understanding of the
factors contributing to these differences. In this way, this study exists as an initial analysis
revealing questions for future study for educational leaders desiring to most effectively teach
community college remedial mathematics students.

Recommendations

The findings of this study raised questions which may be pursued by other researchers with
other studies as well as suggests recommendations for community college leaders.

1. The extreme differences in the distribution of passing grades observed between online
and traditionally delivered sections of remedial mathematics courses raise a variety of
questions. What factors contribute to the observed differences in the distributions? Do
face-to-face students who pass a course master more content and thus earn more high
passing grades? Do personal relationships which develop between students and
instructors in face-to-face settings impact student grading? Such questions are outside
the scope of this study based on the type of data obtained.

2. Are the differences in student persistence to earn a 100-level mathematics credit
demonstrated in this study the result of a higher quality of mathematics remediation face-
to-face or other factors? If it is a result of other factors, what are these factors and how

can they be addressed?
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3. Educational leaders should consider the challenges posed by non-academic issues for
online remedial mathematics students, such as low mathematical self-efficacy, socio-
economic status, or student connection to the campus community, and the impact of these
issues on student completion and retention rates. What types of non-academic
interventions could be made to improve student completion rate and retention rate in
online courses?

4. Because successful online students tend to be self-regulated learners, and remedial
mathematics students are often not self-regulated, should community college leaders
require a training course teaching students how to be successful in online mathematics

courses before allowing students to enroll in online sections of remedial mathematics?
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