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1. Narrative
Our team created a laboratory manual with 12 activities to supplement the curriculum in Genetics (BIOL2700K) and general biology courses (BIOL2107 and BIOL1107) at Georgia Highlands College and Georgia State University. This manual incorporates QR codes and descriptive figures that facilitate student understanding of scientific concepts, and our data suggest that student learning is improved with these activities (see below). While the team initially proposed to involve students in the creation of laboratory exercises to be included in the manual, our student team member was unable to continue working on the project due to other obligations. Student involvement on a multi-semester project is a great opportunity but it should be carefully thought through. Another challenge we faced was due to the multi-institution agreement, and the dispersal of funds. We were not able to acquire some of the funds we requested for equipment and travel for some reason. We did inquire and attempt to obtain the funds, but we decided to focus on creating the manual with the resources we had. As such, we were not able to collect video as originally proposed. We were also not able to meet in person as regularly as planned.
Nonetheless, we were able to create a quality product to provide to USG students at no cost. Our manual will be shared with the public under Creative Commons Attribution-Non Commercial - ShareAlike 4.0 International License (CC BY – NC – SA 4.0) (http://creativecommons.org/licenses/by-nc-sa/4.0/).
With the creation of this laboratory manual, we are able to not only provide instructional materials at no cost, but also give students laboratory experiences that help them better understand scientific concepts and techniques. The new laboratory protocols include enhanced figures and inquiry-based questions to help students not only comprehend the concept(s) covered in the activities, but also to help them retain the skills learned, which they can use in the future.
Our data show that student comprehension is increased with the implementation of the new laboratory protocols. Pre-assessment data administered at the beginning of the semester indicated that the majority of students were “somewhat confident” in their ability to formulate and test a hypothesis (Figure 1 & 2). Post-assessment data for BIOL2700K indicates that students are “confident” in their ability to test a hypothesis after implementation of the new protocols (Figure 3). Moreover, DWF rates for BIOL2700K dropped from 36% in Spring 2022 to 0% in Spring 2023 (Figure 4).
Figure 1: Fall 2022 pre-assessment data for BIOL2700K, BIOL2107L. Students (n=19) were asked: “How confident are you in your ability to pose a question that can be addressed through scientific experimentation?”
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Figure 2: Fall 2022 pre-assessment data for BIOL2700K, BIOL2107L. Students (n=19) were asked: “How confident are you in your ability to design an experiment that is a valid test of a hypothesis?”
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[image: ]Figure 3: Fall 2022 post-assessment data for BIOL2700K. Students (n = 7) were asked “How confident are you in your ability to design an experiment that is a valid test of a hypothesis?”
Figure 4: DWF rates for BIOL2700K, Georgia Highlands College 2022 - 2023
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Data collection at GSU-PC has been a challenge. Enrollment in BIOL 2107L is down approximately 40% compared to pre-pandemic numbers. During the fall 2022 semester, 54 of the 96 seats were filled (56.25%) and in spring 2023 only 72 of the 120 seats were filled (60%) for BIOL 2107L courses across all GSU-PC campuses. The four lab activities to be utilized by GSU-PC were still in the refining phases during fall 2002 and spring 2023, so only one campus (Dunwoody, n = 41) utilized these new, freely accessible versions of the laboratory exercises during fall 2022 and spring 2023. Based on low enrollment and lack of implementation of newly developed labs college-wide, comparing two different cohorts of students from different semesters in terms of DWF does not lend to impactful data. Data from Dunwoody campus (n = 41) indicates that these activities had neutral effects on student performance in the course overall.  
Future aims for GSU-PC (BIOL 2107L) include the implementation of four of the twelve developed lab activities on all campuses starting in fall 2023. Additionally, we will collect pre and post data to examine scientific understanding and confidence in designing and testing hypotheses using the same cohort of students with the new, freely accessible labs that have been developed.   
2. Quotes
“It was much easier to understand what to do when the steps were broken down” – GSU student Spring 2023
“Stopping to answer questions helped me understand each step and not just following a recipe and hoping for the best outcome” - GSU student Spring 2023
 “I learned so much from doing these labs. I am definitely going to keep my lab notebook!” – [Student}, GHC, BIOL2700K, Spring 2023
“This lab was awesome. I learned a lot.” – [Student], GHC BIOL2700K, Spring 2023
3. Quantitative and Qualitative Measures
The following are uniform questions asked to all grant teams. Please answer these to the best of your knowledge. 
Was the overall student opinion about the materials used in the course positive, neutral, or negative?
Total number of students affected in this project:  144
· Positive:	100 % of 48 number of respondents (41 GSU, 7 GHC)
· Neutral:	0 % of   48 number of respondents
· Negative:	0 % of 48 number of respondents
Was the overall comparative impact on student performance in terms of learning outcomes and grades in the semester(s) of implementation over previous semesters positive, neutral, or negative?
Choose One:  
· __X_ Positive: Higher performance outcomes measured over previous semester(s)
· ___ Neutral: Same performance outcomes over previous semester(s)
· ___ Negative: Lower performance outcomes over previous semester(s) 
Was the overall comparative impact on Drop/Fail/Withdraw (DFW) rates in the semester(s) of implementation over previous semesters positive, neutral, or negative?
· GHC___0____% of students, out of a total ____7__ students affected, dropped/failed/withdrew from the course in the final semester of implementation. 
· GSU-PC___15.65___% of students, out of a total __6_____ students affected, dropped/failed/withdrew from the course in the final semester of implementation. 
Choose One:  
· __X – GHC_ Positive: This is a lower percentage of students with D/F/W than previous semester(s)
· _X – GSU-PC__ Neutral: This is the same percentage of students with D/F/W than previous semester(s)
· ___ Negative: This is a higher percentage of students with D/F/W than previous semester(s)
A. Measures Narrative
As noted above (Figures 1-4), our data suggest that the protocols we created have a positive impact on student success. We collected data by administering pre- and post- assessment data in classes that utilized the laboratory activities. Since this was a multi-institution endeavor, it is difficult to compile collective data (some classes were canceled due to low enrollment or were assigned to instructors outside the realm of this grant). We believe the manual is a positive addition to the existing curriculum at both institutions, however, and look forward to collecting additional data in the future to further enhance biological laboratory courses offered within the University System of Georgia.
4. Sustainability Plan
Our completed laboratory manual will be used by all students enrolled in BIOL2700K at GHC in the foreseeable future. As BIOL2700K is a relatively new course (created in the spring of 2020), we anticipate enrollment in the course (and thus the number of students served) to continue to grow. The activities included in our laboratory manual will also be shared with biology instructors at GHC and as indicated in our initial proposal, some of the protocols will be implemented in future BIOL2107 courses. As the primary instructor of BIOL2700K, Dr. Clark will continue to collect student feedback and data, and will use this information to modify laboratory exercises as needed.
Four of the 12 laboratory activities developed for this ALG grant will be available to ALL students enrolled in BIOL 2107L at all GSU-PC campuses starting in fall 2023. All laboratory activities have been uploaded onto a BIOL 2107L common course page and instructors will be able to download these labs to their individual course pages for student use. The GSU-PC BIOL 2107 curriculum committee has formed a group of 4 instructors (Dr. Blalock and Dr. Osborn-Ward included in this group) to work on maintaining and updating BIOL 2107 laboratory course materials on this common course page. 
With the adoption of this manual, students at GHC are able to take several biological science courses within the USG without paying for costly laboratory materials.
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