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ARTICLE

ABSTRACT
The Microbiology and Cell Science (MCS) Department at the University of Florida (UF) de-
veloped a new model of a 2 + 2 program that uses a hybrid online approach to bring its 
science, technology, engineering, and mathematics (STEM) curriculum to students. In this 
paradigm, 2-year graduates transfer as online students into the Distance Education in MCS 
(DE MCS) bachelor of science program. The program has broadened access to STEM with a 
steadily increasing enrollment that does not draw students away from existing on-campus 
programs. Notably, half of the DE MCS students are from underrepresented minority (URM) 
backgrounds and two-thirds are women, which represents a greater level of diversity than 
the corresponding on-campus cohort and the entire university. Additionally, the DE MCS 
cohort has comparable retention and academic performance compared with the on-cam-
pus transfer cohort. Of those who have earned a BS through the DE MCS program, 71% are 
women and 61% are URM. Overall, these data demonstrate that the hybrid online approach 
is successful in increasing diversity and provides another viable route in the myriad of STEM 
pathways. As the first of its kind in a STEM field, the DE MCS program serves as a model for 
programs seeking to broaden their reach.

INTRODUCTION
Based on an influential report from the President’s Council of Advisors on Science and 
Technology (2012), the president of the United States made science, technology, engi-
neering, and mathematics (STEM) education a national priority when he announced 
the goal to increase the number of individuals who receive degrees in STEM by one 
million individuals in a decade. Institutions will need to increase the number of 
degrees awarded in STEM by more than 30% over current rates by 2020. Additional 
reports have called for an emphasis on STEM education to maintain the country’s 
pre-eminence in science and technology (National Academy of Sciences, National 
Academy of Engineering, and Institute of Medicine, 2010; National Science and 
Technology Council, 2013).

Boosting the participation of women and minorities in STEM is one way to help 
close the STEM gap significantly, as women and minorities are disproportionately 
underrepresented in STEM degree attainment and in the STEM workforce (National 
Science and Technology Council, 2013). Individuals of racial and ethnic minority 
groups traditionally underrepresented in STEM account for only 13% of the science 
and engineering workforce (National Center for Science and Engineering Statistics, 
2015). The proportion of underrepresented minority (URM) students who received 
4-year college degrees in STEM disciplines in 2011 (18%) is far below their propor-
tion in the U.S. college-age population (36%; National Science Board, 2014) and only 
20% of URMs who intend to earn a STEM undergraduate degree have done so 
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greater proportion of women and individuals of racial/ethnic 
backgrounds who are traditionally underrepresented in STEM. 
In the Fall 2015 head count, two-thirds of the DE MCS cohort 
(67%) is composed of women, which is a higher proportion of 
women than either the on-campus CALS TR cohort (44%) or 
the on-campus CALS FTIC cohort (56%; Figure 2A). The differ-
ence in the proportion of women between the online versus 
on-campus CALS transfer cohorts is statistically different 
(p value = 0.003, Fisher’s exact test); however, the online 
cohort is not statistically different from the on-campus FTIC 
cohort (p value = 0.13, Fisher’s exact test).

Half of the DE MCS students are from racial and ethnic back-
grounds traditionally underrepresented in STEM fields. Accord-
ing to the NSF, individuals of Hispanic, black, American Indian, 
Alaska Native, Native Hawaiian, or Other Pacific Islander races 
or ethicities are URMs in STEM fields (National Science Board, 
2014). The race/ethnicity demographics of five different cohorts 
from the most up-to-date enrollment data are depicted in Figure 
2B. Fall 2015 represents the most current data set for the 
student cohorts shown: CALS FTIC, CALS TR, DE MCS, and all 
full-time degree-seeking undergraduates at the institution 

(undergraduates). The statewide demographics are based on 
2014 census data (U.S. Census Bureau, 2015). The proportion 
of total URM enrollment in the DE MCS cohort (51%) is higher 
than any other comparison cohort, including the overall demo-
graphics for the state, which has a URM level of 42%. The pro-
portion of URM participation to non-URM participation is statis-
tically higher in the DE MCS cohort versus the CALS FTIC cohort 
(p value = 0.02, Fisher’s exact test), and the DE MCS URM level 
is higher than the university-wide undergraduate URM level of 
30% (p value = 0.0002, chi-squared test with Yates correction 
for a large sample size). The increase in the URM level of the DE 
MCS cohort versus the CALS TR cohort (44%) is not statistically 
different (p value = 0.40, Fisher’s exact test). Because the popu-
lation data for the state are based on 2014 data, and the state 
data were not collected in a similar manner and from the same 
source, the DE MCS URM level was not compared with the 
statewide URM level in a statistical analysis.

Retention
With a 2 + 2 program, the earliest time point at which most 
students are in the position to graduate with a BS is 2 years 
after they transfer to the 4-year institution. Because the DE 
MCS program began in 2011 and is therefore still relatively 
young, there are only 46 DE MCS students who have been in 
the program long enough to graduate (matriculated during the 
Fall 2011 through Summer 2014 window). For assessment of 
how the retention of the online transfers compares with the 
retention of on-campus transfer students in STEM, the gradua-
tion and persistence data from DE MCS and CALS TR students 
who matriculated during the same time frame were compared 
(Figure 3A). Because of the difficulty in comparing retention of 
nontransfer students who began as freshmen with transfer stu-
dents, the retention of the DE MCS program is compared only 
with the retention of the on-campus CALS transfer cohort. Fif-
ty-eight CALS TR students matriculated into MCS during the 
same time frame as the DE MCS students. Overall, the CALS TR 
program has a higher STEM retention rate of 78% (45/58) ver-
sus 69% (32/46) for the DE MCS cohort for all students who 
transferred into the CALS MCS majors from Fall 2011 until 
Summer 2014, but the difference in retention is not statistically 
different (p value = 0.38, Fisher’s exact test). The overall STEM 
retention rate refers to students who have graduated with a BS 
in MCS or another STEM field or who are currenty still enrolled 
and therefore persisting toward their STEM degrees. In the DE 
MCS cohort, 24/46 (52%) have graduated with a BS in MCS, 
with an additional student graduating with a BS in another 
STEM field for a total STEM graduation rate of 54%. The MCS 
graduation rate of the corresponding on-campus cohort is 41% 
(24/58), with another 9/58 graduating with a BS in another 
STEM field for a STEM graduation rate of 57%, but these dif-
ferences in graduation rates between the two types of transfer 
students are not statistically different (p values ≥ 0.3, Fisher’s 
exact test). Fifteen percent (7/46) of the DE MCS cohort 
remain enrolled and persist toward their degrees, whereas 
21% (12/58) of students in the on-campus CALS TR cohort 
persist.

Figure 3B depicts the average number of academic semes-
ters necessary for students to complete a BS in MCS upon trans-
ferring into the MCS program. The mean time to degree was 
compared between the on-campus transfer cohort (CALS TR) 

FIGURE 1.  Annual fall enrollment of MCS students by college and 
transfer type. (A) Fall head counts of transfer students by year are 
depicted with the online transfer cohort (DE MCS) students in 
green and the two on-campus transfer cohorts in shades of blue. 
(B) The Fall head counts of the FTIC MCS majors enrolled in CALS 
(CALS FTIC) or CLAS (CLAS FTIC).
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and the online transfer cohort (DE MCS). 
On average, the online cohort enrolls one 
semester more than the CALS TR cohort 
with the mean time to degree as 6.7 semes-
ters for DE MCS and 5.9 for the CALS TR 
cohort (p value = 0.046, Wilcoxon rank-
sum test with continuity correction). The 
distributions of the two cohorts are differ-
ent in that most of the CALS TR cohort 
take five semesters to graduate while the 
DE MCS cohort ranges between five and 
seven semesters to complete the BS post-
transfer (Figure 3C.)

The diversity of the graduates of the 
hybrid online MCS program is greater than 
the diversity of the on-campus transfer 
cohort. Twenty-four students from each of 
the transfer MCS cohorts who began from 
Fall 2011 through Fall 2014 have gradu-
ated with a BS in MCS to date (Figure 3A). 
The demographics of these cohorts of stu-
dents who completed the pathway to a BS 
in MCS are shown in Figure 4. The online 
cohort is 61% URM (14/23 reported as a 
single race/ethnicity), which is a statisti-
cally higher level of URM degree earners 
than on-campus transfer cohort of gradu-
ates, in which only 27% are URM (6/22 
reported as a single race or ethnicity; 
p-value = 0.036, Fisher’s exact test). The 
DE MCS graduate cohort also has more 
women, with 71% (17/24) compared with 
42% women (10/24) in the CALS TR grad-
uate cohort (p value = 0.0798, Fisher’s 
exact test). These data indicate that the 
high levels of diversity in the DE MCS pro-
gram (Figure 2) are retained and that there 
is not a retention gap among women and 
URM students in DE MCS.

The online format of the DE MCS pro-
gram was identified through qualitative 
analysis as a common subtheme within the 
main theme of accessibility. Participants 
reported that the flexible, online format of 
the program allowed them to work and to 
maintain other family responsibilities 
while working on their degrees. As noted 
by one student, “I have personal responsi-
bilities. I am a mother. I was working 
another job, two other jobs, the program 

FIGURE 2.  The proportion of women and underrepresented minorities in MCS varies 
among cohorts. (A) The proportion of females and males enrolled in the Fall 2015 CALS 
MCS FTIC cohort (CALS FTIC), on-campus transfer cohort (CALS TR), and online transfer 
cohort (DE MCS) is depicted. The number of students per cohort (n) is noted. As represent-
ed by superscripts, the proportion of women in the in the CALS TR cohort (44%) is 
significantly less than the proportion of women in the corresponding DE MCS cohort 
(67%; p value = 0.003, Fisher’s exact test). There was no significant difference in the 
proportion of women in the CALS FTIC cohort vs. the CALS TR cohort or the CALS FTIC 
cohort vs. the DE MCS cohort. (B) The proportion of URM as a percent of all individuals 
reported as a single race/ethnicity per the methods described in Garrison (2013). The total 
number of individuals (n) reported as a single race/ethnicity per cohort is indicated in 
parentheses after the cohort name. The racial/ethnic backgrounds traditionally underrep-
resented in STEM are clustered in shades of green (Hispanic, black, Native Hawaiian, and 
American Indian) while the racial/ethnic backgrounds not underrepresented in STEM are 
shaded in blue (white and Asian). The student data in B represent the demographics from 
Fall 2015, but the statewide data are from 2014, which is the most recent data set 
available. The five cohorts are CALS MCS FTIC majors (CALS FTIC), CALS MCS on-campus 
transfers (CALS TR), online MCS transfers (DE MCS), all degree-seeking undergraduates at 
the UF (Undergraduates), and the overall state population (Statewide). As indicated by the 
superscripts, the level of URM participation of the DE MCS cohort (51%) is statistically 
higher than the URM levels of the CALS FTIC cohort (35%) and all degree-seeking 
undergraduates (30%) (p values = 0.02 and 0.0002, respectively). The comparison with the 

CALS FTIC cohort was performed with 
Fisher’s exact test, and because of the large 
sample sizes, the comparisons with the 
undergraduate population were analyzed 
with chi-squared test with a Yates correc-
tion. The increase in the URM level of the DE 
MCS cohort vs. the CALS TR cohort (44%) 
was not statistically different (p value = 0.40, 
Fisher’s exact test).
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really opened the door for me to get an education from a pres-
tigious school, best education in the state, and then also be able 
to fulfill my obligations. Definitively was a life changer.”

Academic Performance
To measure the quality of the online transfer program, we col-
lected and compared the GPA of all CALS MCS majors in their 
junior year or higher enrolled in the Spring 2015 semester by 
program type (Figure 5). As described in Drew et al. (2015), the 
three cohorts take the same courses, taught by the same instruc-
tors, with the same exams and proctoring procedues. For some 
courses, the on-campus cohorts have the option to attend MCS 
courses in a face-to-face format, but it is not always required; 
however, the DE MCS cohort takes all lecture courses via asyn-
chronous online learning. The Spring 2015 mean GPA of the 
online transfer cohort (3.34) was higher than the mean GPA of 
the on-campus transfer cohort (3.145), but the difference was 
not statistically significant (p value = 0.172, Kruskal-Wallis 
test). However, the Spring 2015 mean GPA of the on-campus 
CALS MCS nontransfer students (CALS FTIC) was 3.5 and was 
statistically higher than that of both transfer cohorts (p values 
< 0.02, respectively, Kruskal-Wallis test).

The GPAs at the time of graduation were also compared for 
all CALS MCS students who graduated during the Spring 2013–
Spring 2015 time frame (Figure 5). The three cohorts also have 
the same graduation requirements. The mean graduating GPAs 
for the CALS FTIC majors, CALS on-campus transfer majors, and 
the online DE MCS majors were 3.45, 3.19, and 3.28, respec-
tively. The mean GPA of the DE MCS cohort was comparable to 
that of the CALS on-campus FTIC cohort and the on-campus 
transfer cohort (p values = 0.27 and 0.9, respectively, Krus-
kal-Wallis). The mean GPA of the on-campus CALS FTIC cohort 
was statistically higher than the mean GPA of the on-campus 
transfer cohort (p value < 0.0005, Kruskal-Wallis test).

To further explore academic differences between the 
on-campus and online transfer students, we compared mean 
course grades of nine life science courses between the BS grad-
uates of the on-campus MCS transfer program and the hybrid 
online DE MCS transfer program (Table 1). Table 1 is a set of 
common courses taken by a majority of the MCS students who 
transferred into the on-campus or online program from Fall 
2011 through Spring 2014 and who have since graduated with 
a BS in MCS. Four of the listed courses (R) in Table 1 are 
required of all MCS students and are designated as such. Two of 
the listed courses fulfill core course requirements in which stu-
dents select a subset of core courses from a small list (C). The 
remaining courses are electives (E). Except for the lab courses, 
the DE MCS students completed the required, core, and elective 
courses in a strictly asynchronous online format. The two 
microbiology lab courses were taken face-to-face by all transfer 
students regardless of location. The required, core, and elective 
courses taken by the on-campus transfer students were deliv-
ered in a variety of modalities ranging from entirely face-to-face 
formats to flipped classrooms to asynchronously delivered 

FIGURE 3.  The STEM retention rate and time to degree differ by 
transfer type. (A) The percentages of students who transferred into 
the CALS on-campus transfer program (CALS TR) or the CALS 
hybrid online transfer program (DE MCS) from Fall 2011 through 
Spring 2014 and have graduated with a BS in MCS, graduated with 
a BS in another STEM degree, or have not yet graduated but are still 
pursuing a BS in MCS or another STEM field at UF (Persisting in 
STEM). The total number of students (n) in each cohort is indicated 
in parentheses. There is no statistical difference in STEM retention 
(graduated plus persisting) between CALS TR and DE MCS cohorts 
(p value = 0.38 per Fisher’s exact test). The time to degree is 
depicted in B for the subset of students in A who completed a BS in 
MCS (24 in each cohort). The number of semesters needed by each 
student in the cohorts to graduate once they transferred into MCS 
is shown in the box plots. The CALS TR cohort had an average time 
to degree of 5.92 semesters, whereas the DE MCS cohort took an 
average of 6.7 semesters to graduate. The difference in time to 
degree is statistically significant, with a p value of 0.0457 by 

Wilcoxon rank-sum test with continuity correction. (C) The 
distribution of the time to degree in semesters for the two different 
cohorts: CALS TR and DE MCS.
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lectures. The approaches vary widely according to instructor 
preference. The mean course grades were compared with Stu-
dent’s t test and the two-sided p value (Table 1). Although the 
on-campus transfer cohort had a higher mean grade for most of 
these courses, the differences between the two cohorts are not 

statistically significant (p values > 0.005, adjusted for multiple 
comparisons).

The mean course grades of 12 prerequisite courses do not 
differ between the two cohorts before transfer (Supplemental 
Material). These include the math and science prerequisite 

courses taken at the students’ respective 
community colleges before transfer.

Professional development opportuni-
ties and skills, such as research and critical 
thinking, emerged as subthemes within 
the main theme of personal growth associ-
ated with the academic performance of 
the students. Students in the DE MCS pro-
gram reflected on the impact of under-
graduate research with experts in the field 
as a positive experience, with one student 
saying, “I never thought I would partici-
pate in research and now I’m writing a the-
sis. It pushes you and I’m graduating with 
honors.” Another respondent reflected on 
his/her maturation as a student: “I came 
out as a better student and person. It 
taught me a lot. I’ve definitively grown a 
lot in this experience.”

DISCUSSION
Broadening the participation of underrep-
resented groups is an important goal for 
STEM, and from this aspect, the DE MCS 
represents a model with notable success in 
increasing diversity. Given the higher lev-
els of URMs at 2-year institutions, it is not 
surprising that the DE MCS program, a 

FIGURE 4.  Diversity of transfer students who graduated with a BS in MCS. The demographics are shown for individuals who transferred 
into either the on-campus CALS program (CALS TR) or the online program (DE MCS) between the Fall of 2011 to Summer 2014 and who 
have completed a BS in MCS. The circle graphs represent the percentages of males and females of different races and ethnicities in the two 
different cohorts. Individuals of backgrounds that are traditionally underrepresented in STEM are depicted in shades of green, and 
nonminority backgrounds are depicted in shades of blue. Slices of the chart indicating females are shaded in a solid color, whereas the 
slices representing male participation are patterned. The total number of individuals per cohort is indicated in parentheses after the cohort 
name. The DE MCS graduate cohort is 61% URM, which is a statistically higher level of URM graduates than the CALS TR graduate cohort 
(27%; p value = 0.036, Fisher’s exact test). The DE MCS graduate cohort also has more women, with 71% compared with 42% women in the 
CALS TR graduate cohort (p value = 0.0798, Fisher’s exact test).

FIGURE 5.  Box plots representing the GPAs of CALS MCS majors. The horizontal lines 
represent the median. The boxes represent the interquartile range (IQR). The IQR includes 
the 50% of samples closest to the median. The lines above and below the IQR represent 
either 1.5 times the IQR or the maximum range of the samples if that range is below 
1.5 times the IQR. The dots above or below these lines represent outliers that are above or 
below 1.5 times the IQRs. As determined by the Kruskal-Wallis test, the on-campus 
nontransfer cohort (CALS FTIC) had a statistically higher mean GPA than the on-campus 
transfer cohort and the DE MCS cohort in the Spring 2015 semester (left). The mean GPAs 
of the two transfer cohorts were not statistically different. At the time of graduation, the 
on-campus transfer cohort (CALS TR) had a statistically lower mean GPA than the on-cam-
pus cohort (p < 0.0005), but there was no statistical difference between the graduating 
GPAs of the on-campus FTIC students (CALS FTIC) and DE MCS students or the on-campus 
transfer (CALS TR) and DE MCS cohort as determined by the Kruskal-Wallis test.
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transfer program that draws from 2-year programs, is more 
diverse than the on-campus MCS cohort members who began 
as freshmen. However, results demonstrate that the diversity of 
the DE MCS is higher than all undergraduate programs (STEM 
and non-STEM) and is even higher than the diversity of the 
state’s population. To date, we are not aware of any other STEM 
undergraduate program at an Association of American Univer-
sities institution whose diversity is higher than its overall stu-
dent population and the state or regional general population.

The DE MCS program is designed to be affordable and does 
not require any student to live on or near the main campus. 
Thus, the DE MCS program may appeal to a less affluent stu-
dent population that simply cannot afford the residential col-
lege experience. Lower cost and geographic accessibility are 
cited as critical factors in increasing the STEM degree attain-
ment of less economically advantaged URM students (Pérez 
and McDonough, 2008). Interestingly, the proportion of URM 
students who completed a BS in MCS through either transfer 
pathway—on-campus or online—was greater than the propor-
tion of URMs who are enrolled in either program.

Another important result is the significant proportion of 
women (67%) in the DE MCS cohort. This proportion is in stark 
contrast to the on-campus transfer cohort, which has a statisti-
cally lower proportion of women and is majority male (56%). 
The reasons for this gender difference are not clear but it sug-
gests that women may encounter more barriers than men in 
transfering to an on-campus program. Minority women encoun-
ter barriers in STEM as a result of the interaction of their gender 
and race, described as a “double bind” (Malcom et al., 1976; 
Malcom and Malcom, 2011). Many factors, such as culture 
shock, isolation, lack of social networks, and balancing familial 
and outside employment obligations, have been identified as 
contributing to lower retention of minority women in STEM 
transfer pathways (Reyes, 2011). The format of the DE MCS 
program may circumvent many of these barriers to success in 
STEM. In fact, as depicted in Figure 4, Hispanic women have 
earned 39% of the bachelor’s degrees awarded through the DE 
MCS program, which represents the largest individual demo-
graphic sector of the DE MCS graduate cohort and is more than 
twice the proportion of biological sciences degrees (15%) 
earned by minority women as reported by the NSF’s National 
Center for Science and Engineering Statistics (2013). The qual-
itative findings support the notion that the hybrid online format 
contributes to retention in the program by offering women the 
flexibility to enroll in a STEM degree program, work, and raise 
a family.

Not surprisingly, the STEM graduation rate of the hybrid 
online program has increased substantially to 54% since the 
initial analysis reported a 21% graduation rate (Drew et  al., 
2015). One reason for the increase is that the program is matur-
ing and more time has passed to capture retention data of more 
students. Although the on-campus transfer cohort has a higher 
retention rate, the difference is not statistically significant. An 
analysis of time to degree has revelaed that the online students 
do require more time, one additional semester on average, to 
complete the BS as compared with the on-campus students. A 
more thorough analysis of the characteristics, including the 
identification of predictors of success of the different student 
cohorts, may identify factors such as employment and depen-
dent status that likely contribute to a longer graduation time for 

the distance-based cohort. A recent report from the National 
Student Clearinghouse states that 4 years after transferring to a 
4-year institution, 72% of transfer students (originating at a 
2-year institution) have either graduated or are persisting in 
degree attainment (National Student Clearinghouse Center, 
2012). This statistic is for all degrees, not just for STEM, but 
indicates that the DE MCS program is on par with published 
retention rates for transfer students.

The academic performance data indicate that the hybrid 
online program provides an education that is comparable to its 
on-campus counterpart, with similar retention levels and simi-
lar GPAs. Cumulative GPAs are not different between the trans-
fer cohorts. To explore academic metrics beyond overall GPA, 
we compared the performance of the transfer cohorts for sev-
eral individual STEM courses. Although the on-campus transfer 
cohort has a higher mean course grade than the DE MCS cohort 
for most of the courses analyzed, these grade differences are 
not statistically significant. A focused analysis on the frame-
work and results of the face-to-face microbiology lab experi-
ence for DE MCS students is in preparation.

Because it was structured to be as similar to the on-campus 
programs as possible, online transfer students receive essen-
tially the same education and have the same postbaccalaureate 
opportunities, which is supported by the retention and aca-
demic data and qualitative findings. To date, graduates in the 
DE MCS BS program have been accepted into STEM graduate 
programs; medical, veterinary, and dental schools; and some 
are STEM teachers and research technicians. Despite previous 
evidence of an achievement gap for Latino students in online 
classes, there is not an apparent achievement gap in the online 
hybrid program (Kaupp, 2012). As the DE MCS program con-
tinues to grow, future studies will capture additional data, 
including student perceptions, long-term outcomes, and the 
role of scholarships, research experiences, and tutoring on stu-
dent performance and as determinants of success. As identified 
by Wood et al. (2012), environmental factors such as familial 
responsibilities and social integration activities like clubs are 
important determinants of transfer of community college stu-
dent, and these factors will be included in future analyses as the 
program grows. In summary, the educational outcomes of the 
on-campus and online programs do not differ, but the hybrid 
online program significantly broadens participation in STEM 
pathways. Given these results, we propose a hybrid online 
degree transfer program as a means to increase participation of 
women and URMs in STEM.

ACKNOWLEDGMENTS
This work was carried out with generous support from the NSF 
(DUE 1161177). The authors thank the Office of Institutional 
Planning and Research and advising staff in the MCS program.

REFERENCES
Allen IE, Seaman J (2014). Grade Change: Tracking Online Education in the 

United States. Babson Park, MA: Babson Survey Research Group and 
Quahog Research Group.

Bernard RM, Abrami PC, Lou Y, Borokhovski E, Wade A, Wozney L, Wallet PA, 
Fiset M, Huang B (2004). How does distance education compare with 
classroom instruction? A meta-analysis of the empirical literature. Rev 
Educ Res 74, 379–439.

Dell CA, Low C, Wilker JF (2010). Comparing student achievement in online 
and face-to-face class formats. J Online Learn Teach 6, 30–42.

 by guest on December 19, 2016http://www.lifescied.org/Downloaded from 

http://www.lifescied.org/


15:ar50, 10	  CBE—Life Sciences Education  •  15:ar50, Fall 2016

J. C. Drew et al.

Drew JC, Oli MW, Rice KC, Ardissone AN, Galindo-Gonzalez S, Sacasa PR, 
Belmont HJ, Wysocki AF, Rieger M, Triplett EW (2015). Development of a 
distance education program by a land-grant university augments the 
2-year to 4-year STEM pipeline and increases diversity in STEM. PLoS 
One 10, e0119548.

Garrison H (2013). Underrepresentation by race–ethnicity across stages of 
U.S. science and engineering education. CBE Life Sci Educ 12, 357–
363.

Harding J (2013). Qualitative Data Analysis from Start to Finish, Thousand 
Oaks, CA: Sage.

Holstein JA, Gubrium JF (2003). Inside Interviewing: New Lenses, New Con-
cerns, Thousand Oaks, CA: Sage.

Institute of Medicine (2009). Rising above the Gathering Storm Two Years 
Later, Washington DC: National Academies Press.

Jones LWK (2010). Experiences vary in learning microbiology online. Microbe 
5, 520–525.

Kaupp R (2012). Online penalty: the impact of online instruction on the 
Latino-White achievement gap. J Appl Res Community Coll 12, 8–16.

Kvale S (2007). Doing Interviews, Thousand Oaks, CA: Sage.

Labov JB (2012). Changing and evolving relationships between two- and 
four-year colleges and universities: they’re not your parents’ community 
colleges anymore. CBE Life Sci Educ 11, 121–128.

Malcom LE, Malcom SM (2011). The double bind: the next generation. 
Harvard Educ Rev 81, 162–172.

Malcom S, Hall P, Brown J (1976). The Double Bind: The Price of Being a 
Minority Woman in Science, Washington, DC: American Association for 
the Advancement of Science.

Maltese AV, Tai RH (2011). Pipeline persistence: examining the association of 
educational experiences with earned degrees in STEM among US stu-
dents. Sci Educ 95, 877–907.

Means B, Toyama Y, Murphy R, Bakia M, Jones K (2010). Evaluation of Evi-
dence-Based Practices in Online Learning: A Meta-Analysis and Review 
of Online Learning Studies, Washington, DC: U.S. Department of Educa-
tion.

Meyer KA, Bruwelheide J, Poulin R (2009). Why they stayed: near-perfect 
retention in an online certification program in library media. Online 
Learning 13, 129–145.

Moore JC, Sener J, Fetzner M (2009). Getting better: ALN and student 
success. Online Learning 13, 85–114.

National Academies of Sciences, Engineering, and Medicine (2016). Barriers 
and Opportunities for 2-Year and 4-Year STEM Degrees: Systemic 
Change to Support Diverse Student Pathways. Committee on Barriers 
and Opportunities in Completing 2-Year and 4-Year STEM Degrees, 
Washington, DC: National Academies Press.

National Academy of Sciences, National Academy of Engineering, and Insti-
tute of Medicine (2010). Rising above the Gathering Storm, Revisited: 
Rapidly Approaching Category 5, Washington, DC: National Academies 
Press.

National Academy of Sciences, National Academy of Engineering, and Institute 
of Medicine (2011). Expanding Underrepresented Minority Participation: 
America’s Science and Technology Talent at the Crossroads, Washington, 
DC: National Academies Press.

National Center for Science and Engineering Statistics (2015). Women, 
Minorities, and Persons with Disabilities in Science and Engineering, 
Arlington, VA: National Science Foundation.

National Research Council and National Academy of Engineering (2012). 
Community Colleges in the Evolving STEM Education Landscape: 
Summary of a Summit, Washington, DC: National Academies Press.

National Science Board (2014). Science and Engineering Indicators 2014, 
Arlington, VA: National Science Foundation.

National Science Foundation (2004). The Role of Community Colleges in the 
Education of Recent Science and Engineering Graduates (NSF 04-315), 
Arlington, VA.

National Science Foundation, National Center for Science and Engineering 
Statistics (2013). Women, Minorities, and Persons with Disabilities in Sci-
ence and Engineering: 2013 (Special Report NSF 13-304), Arlington VA. 
www.nsf.gov/statistics/wmpd (accessed 10 January 2016).

National Science and Technology Council (2013). Federal Science, Technol-
ogy, Engineering, and Mathematics (STEM) Education 5-Year Strategic 
Plan, Washington, DC.

National Student Clearinghouse Research Center (2012). Snapshot Report De-
gree Attainment: Outcomes of Students Who Transferred from Two-Year 
to Four-Year Institutions. https://nscresearchcenter.org/snapshotreport 
-degreeattainment2/ (accessed 10 January 2016).

Nuñez A-M, Elizondo D (2013). Closing the Latino(a) transfer gap: creating 
pathways to the Baccalaureate, Perspectivas: Issues in Higher Education 
Policy and Practice 2, Policy Brief.

Nuñez A-M, Sparks J, Hernández E (2011). Latino access to community col-
leges and Hispanic-serving institutions. J Hispanic High Educ 8, 322–
339.

Packard BW-L, Gagnon JL, LaBelle O, Jeffers K, Lynn E (2011). Women’s 
experiences in the STEM community college transfer pathway. J Women 
Minor Sci Eng 17, 129–147.

Pérez PA, McDonough PM (2008). Understanding Latina and Latino college 
choice. A social capital and chain migration analysis. J Hispanic High 
Educ 7, 249–265.

Plowright D (2011). Using Mixed Methods: Frameworks for an Integrated 
Methodology, Thousand Oaks, CA: Sage.

Pontes MCF, Pontes NMH (2012). Enrollment in distance education classes is 
associated with fewer enrollment gaps among independent undergrad-
uate students in the U.S. Online Learning 16, 79.

President’s Council of Advisors on Science and Technology (2012). Engage to 
Excel: Producing One Million Additional College Graduates with Degrees 
in Science, Technology, Engineering and Mathematics, Washington, DC: 
U.S. Government Office of Science and Technology.

Provasnik S, Planty M (2008). Community Colleges: Special Supplement 
to The Condition of Education (NCES 2008–033), Washington, DC: 
National Center for Education Statistics.

Radford AW, Berkner L, Wheeless SC, Shepherd B (2010). Persistence and 
Attainment of 2003–04 Beginning Postsecondary Students: After 6 
Years, Washington, DC: National Center for Education Statistics.

R Core Team (2013). R: A Language and Environment for Statistical Comput-
ing Vienna, Austria: R Foundation for Statistical Computing. www 
.R-project.org (accessed 10 January 2016).

Reich J (2014). MOOC completion and retention in the context of student 
intent. Educause Rev. http://er.educause.edu/articles/2014/12/mooc 
-completion-and-retention-in-the-context-of-student-intent (accessed 
15 January 2016).

Reyes M-E (2011). Unique challenges for women of color in STEM transfer-
ring from community colleges to universities. Harv Educ Rev 81, 241–
263.

Sorden SD, Munene II (2013). Constructs related to community college stu-
dent satisfaction in blended learning. J Inf Technol Educ Res 12, 251–
270.

Tinto V (2004). Student Retention and Graduation: Facing the Truth, Living 
with the Consequences, Washington, DC: Pell Institute.

U.S. Census Bureau (2015). Quickfacts. www.census.gov/quickfacts/table/
PST045215/00,12#headnote-js-a (accessed 10 January 2016).

Waldrop MM (2013). Online learning: campus 2.0. Nature 495, 160–163.

Warren LL, Holloman HL (2005). On-line instruction: are the outcomes the 
same? J Instr Psychol 32, 148–151.

Weber JM, Lennon R (2007). Multi-course comparison of traditional versus 
Web-based course delivery systems. J Educ Online 4, 1–19.

Wood JL, Nevarez C, Hilton AA (2012). Determinants of transfer among 
community college students. J Appl Res Community Coll 12, 64–69.

Yin RK (2011). Qualitative Research from Start to Finish, New York: Guilford.

 by guest on December 19, 2016http://www.lifescied.org/Downloaded from 

https://nscresearchcenter.org/snapshotreport-degreeattainment2/
https://nscresearchcenter.org/snapshotreport-degreeattainment2/
http://www.R-project.org
http://www.R-project.org
http://er.educause.edu/articles/2014/12/mooc-completion-and-retention-in-the-context-of-student-intent
http://er.educause.edu/articles/2014/12/mooc-completion-and-retention-in-the-context-of-student-intent
www.census.gov/quickfacts/table/PST045215/00,12#headnote-js-a
www.census.gov/quickfacts/table/PST045215/00,12#headnote-js-a
http://www.lifescied.org/



