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Abstract Abstract 
Purpose:Purpose: Infusion of a course-based undergraduate research experience (CURE) into an existing research 
design course in an applied science curriculum allowed medical laboratory science students (n=22) 
to each be a contributing team member in a hand’s-on research experience, where most of the work 
was completed during the class time on campus. This design allowed for equal access, an equitable 
experience, and inclusion of all students enrolled in the course. Methods:Methods: Students and instructors worked 
together to develop a research question. The group agreed that the research question would be to 
determine the number of environmental specimens that were positive for mycobacteria species in 
residential plumbing specimens from different faucets and showerheads within residences in local areas. 
Before the actual collection of specimens, students reviewed the literature and completed more traditional 
modules in research ethics and Collaborative Institutional Training Initiative (CITI) training. Once that was 
completed, students designed and assembled the collection kits, collected and processed the specimens, 
and reported their results. Results:Results: Students completed most tasks during the designated class time, and 
those tasks that had to be completed outside of class were not overwhelming for the students either in 
time or effort. The students’ reflections as the human subjects in this CURE indicated that 1) 90% of the 
students agreed they had a better understanding of the Institutional Review Board (IRB) process, 2) 100% 
of the students agreed the collection process was easily completed, 3) 100% of the students agreed the 
specimen testing was easily completed and interpreted, and 4) 100% of the students agreed the required 
parameters of a CURE were met. Conclusion:Conclusion: A CURE can be infused successfully into an applied science 
course allowing every student to become a contributing member of the research team. 
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ABSTRACT 
Purpose: Infusion of a course-based undergraduate research experience (CURE) into an existing research design course in an 
applied science curriculum allowed medical laboratory science students (n=22)  to each be a contributing team member in a hand’s-
on research experience, where most of the work was completed during the class time on campus. This design allowed for equal 
access, an equitable experience, and inclusion of all students enrolled in the course. Methods: Students and instructors worked 
together to develop a research question. The group agreed that the research question would be to determine the number of 
environmental specimens that were positive for mycobacteria species in residential plumbing specimens from different faucets and 
showerheads within residences in local areas. Before the actual collection of specimens, students reviewed the literature and 
completed more traditional modules in research ethics and Collaborative Institutional Training Initiative (CITI) training. Once that 
was completed, students designed and assembled the collection kits, collected and processed the specimens, and reported their 
results. Results: Students completed most tasks during the designated class time, and those tasks that had to be completed 
outside of class were not overwhelming for the students either in time or effort. The students’ reflections as the human subjects in 
this CURE indicated that 1) 90% of the students agreed they had a better understanding of the Institutional Review Board (IRB) 
process, 2) 100% of the students agreed the collection process was easily completed, 3) 100% of the students agreed the specimen 
testing was easily completed and interpreted, and 4) 100% of the students agreed the required parameters of a CURE were met. 
Conclusion: A CURE can be infused successfully into an applied science course allowing every student to become a contributing 
member of the research team.   
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INTRODUCTION 
Infusing a course-based undergraduate research experience (CURE) into a basic science course is not a new concept in course 
design. When reviewing the literature, it is clear there are many instructors who have been successful in designing a CURE to be 
infused into existing courses or as a stand-alone course predominantly in the area of the basic sciences, most often in the biological 
sciences.1,2 Infusing a CURE into the applied sciences presents some challenges, in that the courses in the applied science 
curricula often have very tight parameters on content to be mastered and the timeline to accomplish those goals.  Infusing a CURE 
into an already existing course does have challenges but the advantages of having students participate in the experience and learn 
first-hand, far outweighs the added work required for the instructors to make this all happen in one semester. It was our goal to 
give all the medical laboratory science (MLS) student cohort (n=22), the opportunity to be a contributing member of a research 
team in a setting that offered equal access, an equitable experience, and included the entire cohort.   
 
The MLS curriculum is a rigorous program that prepares students to become practicing professionals with transferable skill sets 
that will allow them to be employed not only in hospital or clinical settings, but in basic science research facilities, forensic labs, 
government laboratories and business entities with product research and development laboratories. Many times, MLS students 
wear multiple hats in their lives outside of academe such as family and work responsibilities or they may have a lengthy commute 
to campus daily. These added responsibilities take a significant amount of time and often prevent students from investigating 
opportunities in research labs on campus. In order to do a better job preparing students for future employment opportunities, a 
CURE was infused into a required course allowing students to be part of a research team while enrolled in the course. 
 
Educators who have considerable experience in CURE have agreed on 5 parameters for the experience to be considered a CURE. 
Those include 1) use of multiple scientific practices 2) the outcome is unknown 3) there is a broader relevance or importance 
beyond this classroom experience 4) collaboration is essential among students and instructors, 5) iteration is built into the 
process.1,3 This CURE model was designed to be infused into a required research design course during the fall semester of 2019. 
Students took on the role of both environmental researchers and as human subjects when they were asked to give their reflections 
on the experience at different times throughout the semester. To meet the requirements of the Institutional Review Board (IRB), 
the document was written to be inclusive for both the student researcher role and the student role as human subjects in this CURE. 
Before the CURE was launched in the course, students were given the more traditional content on types of research design, ethics 
training, and data analysis strategies. Students were required to complete the CITI training modules for “students with minimal risk 
research” so they would have a better understanding about the differences between basic science research and human subjects 
research. The goal was to provide a solid background in research design content before they took on the two different roles in the 
CURE.   
 
When CUREs are implemented into courses, they can originate from different ideas.  CUREs can be adapted from a pre-
established CURE, or designed to create an experience that targets a specific learning goal, or they can be developed and molded 
from a faculty’s research agenda.4 Examples of some pre-established CUREs include the Genomics Education Partnership and 
the Prevalence of Antibiotic Resistance in the Environment (PARE).3,5   
 
Participating in a CURE may reduce the stress associated with balancing an additional research opportunity and daily course work. 
CUREs can offer different types of opportunities to develop ownership of projects.1 Studies have shown that CUREs increase 
student performance, retention, self-reported learning, and the ability to “think like a scientist”.3,6-9 There are multiple confirmed 
student outcomes from CUREs. These outcomes can range from direct course-related outcomes (increased knowledge, increased 
analytical skills, and increased technical skills) to personal and career-related achievements (increased self-efficacy, external 
validation, persistence in science, and career clarification).4,10 One study found that students who had been part of a CURE during 
the early years of college produced targeted knowledge gains that lasted into the senior year.11   
 
METHODS 
All expectations of the course were clearly defined in the syllabus and then again on the first day of class. The CURE experience 
was infused into existing course content about halfway through the 16-week semester.  Background areas including research 
design content (i.e.: various types of research, ethics training, review of literature techniques, along with data collection and 
analysis) were delivered through discussions, course assignments, on-line library assignments designed specifically for these 
students, and group work before the CURE portion began.    
 
Once the students had completed the assignments in the background areas, the CURE objectives became the focus.  As a 
requirement of the course, students earned points for completing the objectives outlined in the CURE format. Those objectives 
included developing a research question as a group, creating a review of literature working in specific groups, collecting specimens, 
testing the specimens, analyzing the test results, and reflecting on their various experiences throughout the CURE. 
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Students as Human Subjects 
Students became the human subjects of this work when they were asked to fill out anonymous surveys reflecting on their 
experiences in the different areas within the CURE and then decide to allow or not allow their reflections to be shared by signing 
an informed consent letter. This work was overseen by the IRB and required that a faculty member other than the instructor of 
record, be the designated person to gather the consent forms and analyze the data from the student reflections. This data was 
stored in a locked cabinet in the office of that faculty member.  Students were required to take this course as part of the MLS 
curriculum and to participate in the CURE experience as a requirement of the course, but they could decline to have their data 
shared with no penalty and without the instructor of record knowing that decision.  
 
Students as Environmental Researchers 
The students and the instructor agreed that the research question would be to determine the number of specimens that were 
positive for opportunistic mycobacteria species present as an opportunistic plumbing pathogen in residential plumbing from various 
residences. Students were tasked with the design and assembly of the collection kits. After collection, the specimens were 
processed with a fluorescent stain. Results of the staining determined if the specimens were positive or negative by comparing the 
stained specimens to a positive and negative control on each slide. All quality control guidelines and universal precautions were 
followed. The staining results were documented, and the percentage of positive specimens was determined.   
 
RESULTS 
Human Subject Data 
As the human subjects in this research, the students completed surveys on each step of the research process. Topics included 
reflections for the IRB process, collection process, fluorescent staining and analysis, and meeting the overall parameters of a 
CURE.  The student responses from the surveys can be seen in Tables 1-4.  

 
 
Table 1: Reflections on Research Ethics 

Institutional Review Board Process 
Reflection 

Strongly 
Disagree 

Disagree Neither 
Agree nor 
Disagree 

Agree Strongly 
Agree 

I have a better understanding of 
research ethics and who oversees the 
process. 

 
0% 

 
0% 

 
5% 

 

 
50% 

 
45% 

I have a better understanding of the 
Three Ethical Principles discussed in 
the Belmont Report. (Respect for 
persons, Beneficence, and Justice) 

 
0% 

 
0% 

 
0% 

 
59% 

 
41% 

I have a better understanding about 
the role of the Institute Review Board 
(IRB). 

 
0% 

 
5% 

 
5% 

 
36% 

 
54% 

 

 
 
The first statement addressed student reflections about having a better understanding of research ethics. One student response 
was neutral (neither agree nor disagree) but all other student responses either agreed or strongly agreed. The second statement 
addressed student reflections in having a better understanding of the Belmont Report. All students agreed or strongly agreed with 
this statement. The third statement addressed the IRB and its’ role in research. One student response disagreed that they now 
had a better understanding of the role of the IRB and one student response was neutral (neither agree nor disagree), but all other 
student responses either agreed or strongly agreed with this statement. 

 
 
Table 2. Reflections on the Collection Process 

Collection Process and Data 
Collection Reflection 

Strongly 
Disagree 

Disagree Neither 
Agree nor 
Disagree 

Agree Strongly 
Agree 

I was able to access collection sites 
easily. 

0% 
 

0% 0% 14% 86% 

Time spent on specimen collection 
was minimal. 

0% 0% 0% 14% 86% 
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Specimen data collection sheet was 
clear and concise 

0% 0% 0% 27% 73% 

Overall, the specimen collection 
process and data reporting were 
efficient. 

 
0% 

 
0% 

 
0% 

 
14% 

 
86% 

 
 
Table 3. Reflections on the Staining Process 

Modified Auramine O Fluorescent 
Stain Reflection 

Strongly 
Disagree 

Disagree Neither 
Agree nor 
Disagree 

Agree Strongly 
Agree 

Preparing slides and performing the 
Modified Auramine O stain was 
completed efficiently. 

 
0% 

 
0% 

 
0% 

 
14% 

 
86% 

Reading and interpreting the 
fluorescent stain was explained 
clearly. 

 
0% 

 
0% 

 
0% 

 
27% 

 
73% 

Reporting the results of Mycobacteria 
species present or not present was 
explained clearly. 

 
0% 

 
0% 

 
0% 

 
14% 

 
86% 

Overall, the Modified Auramine O 
fluorescent stain procedure was an 
efficient process. 

 
0% 

 
0% 

 
0% 

 
14% 

 
86% 

 
 
Table 4. Reflections on the Overall CURE 

Overall Reflection on the CURE 
Process 

Strongly 
Disagree 

Disagree Neither 
Agree nor 
Disagree 

Agree Strongly 
Agree 

This process has helped me have a 
better understanding of research 
design. 

 
0% 

 
0% 

 
0% 

 
27% 

 
73% 

This process has helped me 
understand data collection 
requirements. 

 
0% 

 
0% 

 
0% 

 
18% 

 
82% 

Overall, this experience has helped me 
understand the intent of infusing the 
course based undergraduate research 
experience (CURE) process into the 
MLS curriculum. 

 
 

0% 

 
 

0% 

 
 

0% 

 
 

23% 

 
 

77% 

 
 
DISCUSSION 
The results of this CURE are consistent with data from other educators who use CURE in their courses.1 There has been a 
concerted effort to include authentic research practices within science, technology, engineering, and mathematic courses across 
various disciplines and educational levels.4,6,12,13  Research experiences are particularly beneficial for first-generation students, 
underrepresented minorities, at-risk students, and women.1,3  
 
In this CURE, the students were considered the human subjects when they reflected on their experiences as members of the 
CURE team. Student reflection surveys were completed as a self-assessment and were anonymous. Students filled out paper 
surveys for four different experiences. All surveys included multiple statements regarding each experience. In accordance with the 
IRB guidelines, the faculty member who was not the instructor of record collected all student reflections and analyzed the data. 
Using self-assessments with reflective statements was efficient for both students and faculty. The results indicated that each part 
of this CURE was a positive experience for students. There were responses to two different statements regarding research ethics 
that were either neutral or disagreed with the statement, but those were the only two statements where 100% of the students did 
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not agree or strongly agree with each statement. This data was encouraging for the two faculty members and no doubt will be an 
important factor in future decisions to infuse a CURE into this course on a regular basis.  
 
Limitations of Infusing CURE into an Existing Course 
Even though the literature from multiple sources supports the positive outcomes of CUREs, there are still challenges and limitations 
when infusing a CURE into an existing course.  The biggest challenge of CUREs is the time and energy required for the CURE 
design and implementation.4,8 Remodeling the course content to make a seamless transition for the CURE is time consuming 
particularly when trying to balance this with other responsibilities as full time faculty members.  
 
One limitation with this CURE was the low number of specimens in the sample size. Future CUREs may include students collecting 
more specimens for a larger sample size. Another design option would be to have a parallel testing format where two different 
testing methodologies are used on each sample and the results of those two testing methodologies are then compared. This is a 
very common practice in the clinical laboratory when a new test format is being implemented. The current method continues to be 
used to generate patient data, but those same patient specimens are also analyzed using the new method. The results of the two 
methods are then compared and decisions are made once that comparison data has been analyzed.  This would give the students 
an experience using multiple testing methods and allow them to see how the two different sets of data are used in making a 
conclusion.    
 
Another limitation for this CURE was the number of minutes in each class time.  A fifty-minute class time was minimal when the 
majority of work was to be done in class.  Creative scheduling and time on task became very important.  Future plans include 
moving the actual testing process to a one hour and fifty-minute laboratory session in another required MLS course with the same 
cohort of students. The hand’s-on content will be a good fit for the laboratory session in the other course. The background content 
and all the data analysis will still be included in the fifty-minute research design course.  
 
CONCLUSION 
A complete course-based undergraduate experience (CURE) can be infused into an existing semester long course in an applied 
science curriculum with positive outcomes for both the student and the instructor. Careful planning in course design is of paramount 
importance. A solid background in research design content needs to be completed before the students begin the actual CURE 
portion of the course. The applied sciences often have very heavy content courses, each meeting the requirements for subsequent 
certification of the student as a professional in the specific field upon graduation.  The solution to identifying a course that will 
accommodate the infusion of a CURE is to identify a course where the CURE can help deliver existing content  
through the hand’s-on experience providing an enhanced student experience.     
 
From the instructor perspective, the fact that all students were involved in the entire experience from beginning to end, was a 
powerful motivator to consider future infusions of other CUREs in this course.  Students engaged in sharing ideas and working as 
a cohesive laboratory team.  This CURE allowed students to know what it feels like to be a contributing member of a team.  It 
allowed the students to see how discussion is a good way to work through a research question. Students were able to use their 
clinical laboratory skills and apply them when testing the environmental specimens which expanded their scope of practice. The 
fact that no one knew the results ahead of time, gave the students a sense of empowerment.  Having the students reflect on their 
experiences, provided the human subjects perspective. Their reflections were also important in alerting instructors to any flaws or 
weaknesses in the delivery of the CURE.   
 
Providing an equal opportunity, an equitable experience, and inclusion for all students met the goals for infusing a CURE into an 
existing course in the applied sciences. This experience did require careful planning with great attention to detail, but in the end, it 
provided all students an opportunity to “spread their wings” and work on a research protocol at every point along the way, while 
they were learning to be a contributing member of a research team.   
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