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Abstract
The positive impact of undergraduate research on students’ 
success in college is well documented. Many, however, have 
questioned the traditional apprentice-style model of under-
graduate research, raising concerns about who gets these ex-
periences, how the experiences enhance scientific capability 
and student persistence, and how these experiences might 
be improved to get more “bang for the buck” in terms of a 
higher-performing scientific workforce. Research experienc-
es are usually geared toward selected students, such as those 
entering graduate or professional schools. Where does that 
leave the vast majority of STEM students who graduate at the 
baccalaureate level and join the workforce? In this article, 
we will describe an assessed model used at Georgia Gwinnett 
College that provides all STEM-undergraduates (regardless of 
their career goals) with four years of research experiences in 
a cost-effective manner that we believe will result in students 
who are better prepared to contribute to the scientific work-
force at all levels. 

Georgia Gwinnett College’s School of Science and 
Technology (SST) is currently engaged in a comprehensive 
pilot project designed to improve STEM (science, technology, 
engineering, and mathematics) learning and student engage-
ment in the classroom. Central to our model is the growing 
body of evidence that shows links between student research 
and lasting learning and indicates that research experiences 
increase students’ interest in careers in STEM fields (National 
Research Council 2003; Lopatto 2007; Lopatto 2009; Laursen 
et al. 2010). Lopatto (2007) points out that even a short 
immersion in undergraduate research is enough to effect 
long-term gains in students’ motivation for learning, inde-
pendence, and understanding of science. These experiences 
also play a significant role in alumni getting into graduate 
school, being employed, or both (Schmitz and Havholm 
2015).

While there is widespread agreement that STEM programs 
should provide undergraduates with research experience, 
obstacles exist, both financial and temporal. The traditional 
faculty mentor/apprenticeship model typically requires sig-
nificant financial and faculty resources, especially for institu-
tions where teaching is the primary focus. Faculty at public 
four-year colleges typically have heavy teaching and service 
loads, limited research resources, and the ability to mentor 
only a few independent research students. Research experi-
ences are also typically available only for selected students 
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intending to go to graduate school, thus neglecting the ma-
jority of students (Linn et al. 2015). Further, many students, 
particularly those from underrepresented populations, may 
not seek out research opportunities because they lack the 
confidence and skills to do so. These obstacles represent the 
“elephant in the room,” that is, the lack of inclusiveness and 
the unavailability of research opportunities for all students 
who will graduate and join the workforce. Here we describe 
an innovative approach that provides research experiences 
for all STEM students, over multiple semesters, in a cost-ef-
fective manner that results in measurably better-performing 
students.

A Four-year Undergraduate Research and 
Creative Experience Model
One approach to overcoming the challenges described above 
is to supplement more traditional faculty-mentored research 
with undergraduate research experiences embedded in exist-
ing courses. Such projects provide a mechanism for success-
fully engaging large numbers of students in undergraduate 
research and providing them with the skills and confidence 
to seek out independent, faculty-mentored research or alter-
native summer research opportunities (Bangera and Brownell 
2014; Caudill et al. 2010; Goldey et al. 2012; Shaffer et al. 
2014). This model is also replicable and achievable at a vari-
ety of academic institutions. 

The Four-year Undergraduate Research and Creative 
Experience (4YrURCE) Model at Georgia Gwinnett College 
(GGC) is a pilot project that takes the idea of course-embed-
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ded research experiences one step further by creating a model 
that systematically scaffolds course-embedded research and 
creative experiences with increasing complexity for every 
STEM major in each of the four years of their undergraduate 
program (Leader et al. 2014; Runck et al. 2014). The design 
of this model provides all STEM students opportunities to 
engage in research and creative experiences that address spe-
cific STEM competencies (research skills, creative abilities, 
and core-content knowledge) that students are expected to 
master by the end of each course. 

The definition of “research experiences” has been well debat-
ed, but for our purposes we wanted students to develop re-
search skills and competencies through research experiences 
that are novel to them. We include the term “creative expe-
riences” for disciplines such as information technology that 
engage students in creative activities rather than research 
activities (for example, the creation of apps, games, anima-
tions, etc.). 

The research/creative experience model is implemented 
specifically for each disciplinary major (GGC does not have 
academic departments; faculty are grouped into academic 
disciplines, however). Faculty in each discipline in SST (bi-
ology, chemistry, information technology, mathematics, and 
exercise science) identified a four-year sequence of courses 
required for all students majoring in each track of each dis-
cipline. As an example, the sequence for the general biolo-
gy track is shown in Figure 1. By re-designing these required 
courses to contain course-embedded undergraduate research, 
all students majoring in the general biology track will be ex-
posed to multiple research experiences during their forma-
tive years, culminating in required independent research 
courses (such as STEC 4500, BIOL 4570, BIOL 4560, shown 
in Figure 1). STEC 4500 is the traditional faculty-mentored 
independent research course. BIOL 4570 and BIOL 4560 are 
modeled after the independent research course but focus on 
large-scale projects that involve 10 to 12 students. 

Figure 1. Research Model’s Course Sequence for General 

Biology 

Figure 1. Example of a 4YrURCE Sequence Model. All Disciplines requires a senior level 
capstone research-based course. In the example below, STEC 4500 is the traditional faculty-
mentored independent research. BIOL 4570 and BIOL 4560 are modeled after the Independent 
Research course but projects are large scale and involve 10-12 students.   

 

 

Following identification of the four-year sequences, each 
discipline developed a list of discipline-specific research/cre-
ative skills considered essential for students to be successful 
and productive in the STEM workforce and professional and 
graduate school. These skills, along with content knowledge 
linked to course goals and lesson objectives, comprised the 
desired STEM competencies for each discipline. Material to 
teach these skills and competencies was developed and guid-
ed by external influences (e.g., discipline-specific guidelines 
such as Vision and Change in Undergraduate Biology Education 
and the American Chemical Society Guidelines, as well as inter-
nal needs). The internal needs included the desire for scaf-
folding and vertical alignment of skills and competencies 
between lower-level and upper-level courses. Development 
of this model was faculty-driven and coordinated by a com-
mittee that included members from each discipline. As stu-
dents progress through four years, they receive repeated 
exposure to the scientific process through inquiry; gradually 
build research skills, problem-solving ability and the con-
fidence to do independent research; and by the time they 
graduate should have acquired various STEM competencies 
that are applicable to all careers.

Implementation of the Model
To complete and implement the model, faculty in all dis-
ciplines were asked to re-design their course curricula to 
embed research or creative experiences over a period of 
four years and to include discipline-specific research skills. 
Courses listed in the four-year sequences were targeted as 
priority courses for re-design. To encourage faculty buy-in, 
the STEM committee developed an internal structured STEM 
mini-grant program using funds from the University System 
of Georgia’s STEM Initiative. Mini-grants have been shown 
to be an effective mechanism for stimulating STEM fac-
ulty to modify their introductory courses to include more 
active-learning strategies, and also to provide faculty with 
incentives to become more involved in research on STEM ed-
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ucation (Henry 2010). Our faculty-survey data indicate simi-
lar results (Awong-Taylor et al. 2015). Faculty members have 
submitted 156 mini-grant proposals over the past four years, 
and 109 proposals have been funded, with an average award 
of about $4,000 per proposal. Funds were used to purchase 
new equipment and to pay for faculty release time, student 
assistants, and travel.

The mini-grants also provided opportunities for scholarly 
work and faculty collaboration on teaching and learning. 
The grants were competitively funded through a structured 
request-for-proposals (RFP) and review process. Proposals 
were required to include a research plan that described ac-
tivities linked to research skills and a rigorous data-collection 
and assessment plan. Many embedded research activities 
have been developed as a result of this project. Some includ-
ed the entire laboratory component of a course, while others 
included modules of laboratory sessions in certain designat-
ed sections of the course. Other changes were implemented 
only in lectures. Some embedded research experiences have 
subsequently been implemented course-wide by all instruc-
tors, while others remain in a developmental pilot stage. 

This model has also promoted interdisciplinary collabo-
rations among different disciplines and across schools. For 
example, faculty in information technology and biology 
collaborated to develop apps and animations to help biolo-
gy students better understand concepts (Heinz and D’Costa 
2015). In another project, exercise science students in a bio-
mechanics course engaged in a research project using move-
ment analysis to show physics students how research data 
could be used to improve their skills in golfing. Movement 
analysis is a critical skill in exercise science research that stu-
dents utilize in physical therapy, athletic training, strength 
and conditioning, and health fitness. Physics students expe-
rienced how data in movement analysis are collected and ac-
quired “real world” experience in analyzing this type of data 
for application of theories learned in class. 

Evaluation, Assessment and Preliminary Results
During the four years of the project, more than 70 percent 
of faculty in the School of Science and Technology have 
participated in this initiative, 3,435 students (unduplicated 
headcount) have been impacted, and faculty have worked 
to revise 41 courses to include research experiences. Many 
of these courses are listed in our model sequences; many 
are freshman and sophomore courses, and several have an 
interdisciplinary approach. To date, most disciplines have 
developed prototype models, and new curricular tracks (for 
example in environmental science and interdisciplinary sci-
ence) are currently under development. 

Student achievement data and the following assessments 
were used to evaluate this project. 

Student Attitudinal Surveys. IRB-approved student surveys 
were developed using questions from published surveys 

(Russell 2005; Pacifici and Thomson 2011). Attitudinal 
surveys included 28 questions that addressed three areas: 
attitudes about STEM, research skills and experience, and sci-
entific literacy. Students in all re-designed courses were given 
pre-course and post-course surveys over the four years of the 
project. The attitudes of 355 students who took the survey in 
fall 2012 were compared to students who were juniors in fall 
2015. Results indicate that as students progressed from their 
freshman year to their junior year, their attitudes showed sig-
nificant increases regarding 27 of the 28 questions asked. The 
twelve questions showing the most significant attitudinal 
changes are shown in Table 1.

Table 1. A Sampling of Attitudinal Questions Showing 

Average Change in Attitudes from Freshman to Junior Status 

Mean-Pre refers to attitude prior to coursework with embedded research 
experiences; mean-post refers to attitude after such experiences. Likert-scale 
range: 1 (strongly disagree) to 5 (strongly agree). * Significant at p<0.05

The only attitude that did not show a significant increase fol-
lowing course-embedded research was the statement “I am 
interested in graduate school” (0.4 percent increase). Since 
the pre-course value was already high (4.19 on a 5-point 
scale), however, this could account for the lack of change. 
The absence of a positive change in desire to attend graduate 

Dr. Bob Lutz and students engaging in hands-on access to technology in the 
digital media lab. 
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school is in direct contrast to reports that suggest that stu-
dents who complete a more traditional faculty-mentored re-
search project tend to be more interested in graduate school 
and gain the confidence through mentoring to complete in-
dependent research (Lopatto 2004; Craney et al. 2011). This 
raises an interesting question as to whether course-embed-
ded research experiences are as effective as the traditional 
faculty-mentored model in increasing students’ interest in 
graduate school. As a result of this survey, we intend to fo-
cus more effort on mentoring students concerning graduate 
school. 

Assessment of Course Content. Principal investigators (PIs) of 
mini-grants were asked to develop both content and student 
attitudinal assessments for all redesigned courses. Results 
from individual mini-grants indicate that the revised curric-
ulum model has had a positive impact on student engage-
ment and student success. Faculty have published the results 
of their mini-grant projects (Boindala et al. 2015; Meso et 
al. 2013; Russell et al. 2015, Sloop et al. 2013) and presented 
more than 237 talks/posters over four years at regional and 
national conferences. In the following we briefly describe 
two examples of successful projects. 

The laboratory portion of Organic Chemistry II was rede-
signed to eliminate a series of independent, named reactions 
(Grignard, a Wittig, a Diels-Alder, etc.) and replace them with 
a semester-long, multi-step synthesis project during which 
students selected a target molecule, researched possible ap-
proaches to synthesis, developed experimental procedures, 
conducted the synthesis, and characterized their product. 
An Organic II synthesis problem set was used to compare 
student performance pre- and post-implementation of the 
synthesis project. Students (549) who completed the synthe-
sis project scored better on the end-of-semester, three hour 
long, synthesis exam (an average 79.4 percent) than students 

(244) who did not participate in the synthesis project (who 
scored average of 70.6 percent) on that same exam. 

James Russell et al. (2015) used an integrated, course-embed-
ded research experience to bridge two biology classes (cell 
biology and ecology). Over a two-year period, students an-
alyzed arthropod biodiversity using traditional taxonomy 
and DNA barcoding. Within a semester, students in both 
courses collaborated on identification of arthropod species 
and uploaded their findings to an online database contain-
ing species descriptions and photographs, genetic “bar-code” 
data, and estimates of biodiversity across time and space. 
Assessment data from four semesters showed that students 
in the sections of the course with embedded research experi-
ences had greater gains in content knowledge than the other 
students. Attitudinal surveys indicated significantly greater 
gains among students in research-embedded sections of the 
course in understanding the nature of science, in problem 
solving, and in conducting a research project. In general, for 
most of our mini-grants, results indicate that incorporating 
research into classroom experiences increases students’ in-
terest in research and increases students’ confidence in their 
ability to engage in research in the future.

Table 2. STEM Retention: All STEM Students Versus 

Underserved STEM StudentsTable 2. STEM Retention: All STEM students versus Underserved STEM students 

 

Student-Achievement Data. Preliminary analysis of stu-
dent-achievement data indicate that our model may have a 
direct positive impact on students’ GPA and retention of stu-
dents in STEM disciplines. Within the School of Science and 
Technology, the fall 2011 cohort of STEM students showed 
an annual GPA increase from 2.68 (fall 2011) to 2.87 (fall 
2012) to 2.96 (fall 2013). STEM students were also retained at 
a higher rate than the general student population. Over the 
past four years, the average retention rate of STEM students 
was consistently higher (84.3 percent of students retained) 
than that of GGC’s general student population (57.5 per-
cent). Even more compelling is the fact that the average four-
year retention rate of SST’s underserved student population 
(84.4 percent) is also higher that GGC’s retention rate over-
all for underserved populations (64.7 percent). Additionally, 

Dr. Richard Pennington demonstrating use of a fermentation tube in his 
Organic and Biochemistry Survey class. 
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within SST, retention of underserved students was higher or 
similar to the retention rates of all STEM students (Table 2). 
This supports the work of Jones et al. (2010) that shows that 
while research experiences energize biology students to stay 
in their major, these experiences have a greater effect on bi-
ology students from minority groups than the general popu-
lation of students. Early participation in research (freshman 
and sophomore years) has been shown to be influential in 
students staying in a STEM major. First-time, full-time fresh-
man retention rates also show similar trends (Figure 2).

Figure 2. First-time, Full-time Freshmen Retention Rates of 

STEM (SST) Students Versus GGC’s Student Population
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STEM student enrollment (Figure 3) has consistently in-
creased over the past five years, with higher percentage in-
creases than overall GGC enrollment. STEM degrees awarded 
also show similar trends (Figure 4). These results are promis-
ing given the grim nature of STEM’s leaky pipeline nationally. 

Figure 3. Percent Increase in Student Enrollment Since Fall 
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Faculty Attitudinal Survey. One goal of the project is to en-
courage faculty to become more engaged in the scholarship 
of teaching and learning and to reflect on how they teach 
and engage their students. To determine if faculty attitudes 
changed over time, we developed and administer an IRB-
approved faculty attitudinal survey each spring. Survey data 
includes faculty demographics; awareness of STEM initiatives 
in the University System of Georgia (USG) and in SST; STEM-
related scholarship; and disciplinary perspectives on STEM. 

Figure 4. Percent Increase in Degrees Awarded Since Fall 
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Results indicate that as use of the course-embedded research 
model is progressing, faculty have (1) developed a better 
understanding of our initiative; (2) collaborated more with 
other faculty; (3) participated in more and varied STEM ini-
tiatives (e.g., mini-grants, engaging with colleagues, and 
working in K-12 schools); (4) reported increasingly more pos-
itive attitudes toward SST’s STEM initiative and the model; 
(5) utilized strategies derived from the scholarship on teach-

Dr. Jennifer Sinclair working with students in her mathematics lecture class. 
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ing and learning in their classes; and (6) became more mo-
tivated to include different pedagogical approaches in their 
classrooms. In fact, 95 percent of faculty members surveyed 
say that this initiative has caused positive changes in their 
course designs, and 85 percent report seeing an increase in 
students’ engagement.

Faculty members’ concerns include finding ways to imple-
ment the initiatives given their work schedules and concerns 
as to whether the work is valued as research and in promo-
tion decisions. These are valid concerns and the dean of the 
School of Science and Technology has committed to devel-
oping and evaluating their course-embedded research experi-
ences as scholarly work in annual evaluation and promotion 
decisions.

Challenges Ahead
There are many challenges in reimagining STEM education 
and undergraduate research at such a robust level and at the 
same time promoting programmatic and cultural change. 
Here we briefly describe three key challenges and how they 
were addressed. 

Faculty Buy-in. To convince faculty that such a model could 
be successful, the dean presented his vision bolstered by ev-
idence-based research indicating that a four-year research 
experience was likely to yield positive results. Through grass-
roots efforts, faculty across all ranks and disciplines began 
exploring the vision formally through committees and in-
formally through campus networking. Inspired by interest 
across the faculty, an interdisciplinary faculty committee was 
formed and development of the four-year model was then 
assigned to the disciplines. Faculty developed lists of STEM 
skills and competencies and identified specific courses with-
in each academic program (see, for example, Figure 1) that 
offered the greatest potential to impact students. 

Incentivizing and Changing the Culture of Faculty. Faculty at pri-
marily undergraduate institutions (PUIs) are often assigned 
heavy service, teaching, and advising loads, leaving little 
time for scholarly endeavors. To encourage faculty to develop 
and implement course-embedded research, the STEM mini-
grant program (described above) was used as leverage to give 
faculty incentives to engage in research into teaching and 
learning as they redesigned their courses. Interdisciplinary 
and multi-faculty projects were encouraged, leading to col-
laborations and sharing of workloads when developing and 
implementing their revamped courses. Further, the dean’s 
commitment to support and reward faculty who developed 
new and innovative ways to engage their students has played 
a critical role in overcoming this challenge. 

Our faculty-survey data indicate that a student-centered 
learning approach to STEM education is now a norm among 

SST faculty and that faculty members feel empowered to  
reimagine STEM education. Over the past four years, faculty 
have produced eight publications (with many others in the 
pipeline) and have done 237 presentations, many including 
students presenting their research experiences. A year-end, 
day-long STEM symposium also allows faculty to showcase 
their efforts and inform colleagues of their progress in de-
veloping, implementing, and assessing the course-embedded 
research experiences. 

Trading Course Content for Research Experiences. Depth versus 
breath is a well-debated topic in K-16 education. Many fac-
ulty members remain concerned about the trade-off between 
teaching “course content” and offering “research experi-
ences.” Implementing a more interactive, student-centered 
approach to teaching requires faculty to cover less material; 
thus, a key concern is maintaining rigor in the curriculum. 
However, reports indicate that a shift from faculty-centered 
teaching to student-centered learning provides students op-
portunities to acquire many of the STEM competencies that 
are important to be successful in the workforce. 

Overcoming this particular challenge required grassroots 
efforts by some faculty as well as providing formal facul-
ty-development opportunities to help faculty learn more 
about ways to transform their classrooms. GGC’s Center for 
Teaching Excellence provides workshops and programs that 
promote the design and implementation of creative learn-
ing environments and supports implementation of effective 
instructional practices. Additionally, the annual SST STEM 
Symposium offers workshops and opportunities for faculty to 
discuss how best to make courses more concept-oriented and 
focus more on integrating factual knowledge within those 
concepts. Anecdotally, faculty are becoming more receptive 
to including research experiences in lieu of content coverage 
and are finding ways to incorporate the content in the con-
text of a research question that develops critical thinking. 

Sustainability and Transferability 
We acknowledge that sustainability is a key challenge to any 
pilot program. The structured mini-grant approach to com-
petitively fund course reform gives faculty incentives to be 
innovative and creative. Newly designed courses embedding 
research and creative activities are evaluated by disciplinary 
committees before they become a permanent part of the cur-
riculum. At that point, all costs related to the new courses 
are sustained by SST’s operational funds as part of its regular 
budget. Initial costs are only associated with testing the in-
tervention. Possible funding sources for developing a mini-
grant program include internal funds typically associated 
with the provost or president’s offices, or via external funds 
(private and public). As an institution we continue to seek 
external funding opportunities, but many individual faculty 
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members have been able to develop their own external fund-
ing proposals based on the initial results of their redesigned 
courses.

While our model appears to be ambitious, we believe that 
it has the potential to be replicable, scalable, and attainable 
at different types of institutions. Results of our studies have 
been presented at various national conferences, as noted, and 
they have generated much interest. Many institutions have 
requested information on our model, and a few have started 
similar pilot projects. Our project is one of several projects 
that are part of the University System of Georgia Board of 
Regents (USG-BOR) STEM Initiative. The overall STEM initia-
tive is aimed at promoting such projects throughout the state 
of Georgia by developing a Georgia STEM Network, and GGC 
has pledged to be a key player in this network. 

Faculty members are continually encouraged to develop new 
ideas for research and creative activities. We are fortunate to 
have many young, highly motivated faculty members with 
fresh ideas who are inspired by positive opportunities to im-
prove the undergraduate STEM experience. We are also for-
tunate to have administrators who value innovative use of 
educational technology, active-learning environments, and 
assessment-based courses. SST has been very selective in hir-
ing faculty and administrators who are a good fit with its 
culture (focused on student engagement, active learning, 
innovative/course-embedded research experiences). We are 
beginning to see more collaborations between SST and other 
schools at GGC as faculty work to develop interdisciplinary 
courses. 

Addressing the Elephant in the Room
Our model is addressing the elephant in the room. Our moti-
vation to develop such a model arose partly out of necessity 
but also from a confluence of factors: our institutional mis-
sion, diverse student population, rapid institutional growth, 
and a desire to provide research opportunities to as many 
students as possible—as early as possible—in the undergrad-
uate experience. We attract a highly diverse population of 
students, including many from groups traditionally under-
represented in STEM education. About 33 percent of GGC 
students are African American, 17 percent are Hispanic, 10 
percent are Asian, 0.2 percent are American Indian, and 35 
percent are white. First-generation students make up 50 per-
cent of our student population, and 56 percent of the stu-
dent population are females. Many of our students require 
financial aid (approximately 65 percent receive Pell grants), 
and many work a significant number of hours. Further, in 
just nine years, the college has grown from 118 students to 
11,500 students, and enrollment is projected to reach 13,000 
within the next year. Classroom space and research facilities 
are very limited. Given our mission and student population, 

it was obvious that “doing what most other institutions do” 
was not likely to succeed.

Students still must grapple with the uncertainty and anxiety 
of the research process, but they are rewarded by developing 
confidence as they acquire knowledge, skills, and abilities 
while developing STEM competencies over several successive 
semesters of course-based research experiences. We contin-
ue to collect and analyze assessment data and to track STEM 
retention, progression, and graduation rates. We plan to use 
this evidence to drive continuous improvement and reform. 
Laursen (2015) notes the challenges of assessing undergrad-
uate research and the need for an integrated assessment ap-
proach. We hope our work will add to the body of assessment 
data regarding the efficacy of large-scale implementation of 
course-embedded research experiences using our model’s 
four-year approach. 
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