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1. Narrative
We accomplished our primary project goal to create custom, no-cost lab manuals to replace the commercial lab manual previously used in BIOL 1107L and BIOL 1108L Principles of Biology I-II Laboratories at the College of Coastal Georgia. As we developed and implemented our new OER course materials, we sought to increase student success by:
· Removing a substantial economic barrier to completion of introductory biology lab courses, thereby supporting the Affordable Learning Georgia priorities of accessibility and educational equity. 
· Aligning lab activities with course- and program-level student learning outcomes. 
· Reinforcing core concepts from the co-requisite BIOL 1107-1108 lecture courses. 
· Replacing conventional “cookbook-style” lab exercises with innovative inquiry-based lab activities that promote student engagement, scientific reasoning, and skill development.
Below we summarize our activities and evaluate the experiences of students and instructors through this course transformation.

Starting in spring 2023, we updated BIOL 1107L-1108L course learning outcomes, selected lab topics, reviewed existing materials, and conducted a pre-implementation student survey. During the summer, we developed, reviewed, revised, and edited lab exercises into two custom lab manuals and worked with the Lab Coordinator to acquire supplies to support the new labs. This fall, we implemented the new lab manuals, which were made available to students through our course management system (D2L). Lab instructors and support staff met regularly to go over lab preparations and reflect on each lab after it was taught. We then conducted a post-implementation student survey and instructor questionnaire. Finally, the lab manuals were revised based on assessment data and student and instructor feedback.

The transformation was largely successful, meeting each of the objectives listed above: 
· Students saved nearly $200 each across the two courses during the semester of implementation. Based on current enrollment projections, these savings will total approximately $50,000 per year. And instructors were no longer faced with students attempting to complete labs without the required materials, citing the prohibitive cost of the previous commercial lab manual.  
· Project team members worked together to revise the course-level student learning outcomes to better align with program-level outcomes for the B.S. in Biological Sciences. We then backward-designed lab activities and assessments to align with those outcomes. Ninety-nine percent of students agreed (somewhat or strongly) the lab objectives were clearly defined, and 97% of students agreed the lab procedures accomplished their objectives (Table 1; Figure 1). 
· [bookmark: _Hlk153284107]Lab exercises and introductory presentations directly reinforced lecture material from BIOL 1107-1108 Principles of Biology I-II. Ninety-four percent of students agreed the new lab exercises helped them better understand concepts from lecture (Table 1; Figure 1). The project also helped connect the various course instructors and lab coordinators, who collaborated more closely than before.
· Lab exercises were designed to give students practice doing science (i.e., applying scientific reasoning aka the scientific method) and to help them develop analytical and technical skills that will provide a solid foundation for upper-division courses in biology. Ninety-seven percent of students agreed the new lab exercises taught them how to develop and test their own hypotheses, while 90% and 96% of students agreed the labs helped them improve their scientific writing and critical thinking skills, respectively (Table 1; Figure 1; all of the above student responses represent improvements over pre-implementation survey results, shown in Figure 2).

While student opinion surveys and instructor observations were strongly positive, we lack consistent pre- vs. post-implementation assessment data needed to reliably test for direct effects on student performance with respect to specific learning outcomes. However, there were no significant differences in overall grade distributions or DFW rates before and after the transformation (Figure 3; analysis discussed below).  

Of course, there is always room for improvement, especially when piloting new course materials. Students and instructors provided constructive feedback that we addressed when revising the lab manuals for next semester, including but not limited to:
· Students requested clearer instructions and organization for several lab activities.  
· The animal diversity unit was out of sync between lecture and lab. 
· The lab manual formatting was not print-friendly. Many students prefer to print lab exercises rather than exposing their digital devices to lab materials. 

The new OER lab manuals we created will be published via the OpenALG repository under an Attribution 4.0 License (CC BY).
2. Quotes
Post-implementation student survey responses to the question, “What did you like best about the new lab manual?”:
· “I do appreciate how everything included the information we needed for the labs and how hands on things are.”
· “That it was accessible to us and like the how the formatting of pre lab quizzes and post lab assignments were structured.” 
· “It really prepared me for class and helped me understand things I did not in lecture. There’s so much info in lecture that often can’t be condensed so the lab manual and in class presentation was great.”
3. Quantitative and Qualitative Measures
A. Uniform Measurements Questions
Student Opinion of Materials 
Was the overall student opinion about the materials used in the course positive, neutral, or negative?
Total number of students affected in this project: 207 in Fall 2023 (semester of implementation)
· Positive:	95% of 90 number of respondents
· Neutral:	N/A
· Negative:	5% of 90 number of respondents
Student Learning Outcomes and Grades
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:  
· ___ Positive: Higher performance outcomes measured over previous semester(s)
· X Neutral: Same performance outcomes over previous semester(s)
· ___ Negative: Lower performance outcomes over previous semester(s) 
Student Drop/Fail/Withdraw (DFW) Rates
Was the overall comparative impact on Drop/Fail/Withdraw (DFW) rates in the semester(s) of implementation over previous semesters positive, neutral, or negative?
25% of students, out of a total 207 students affected, dropped/failed/withdrew from the course in the final semester of implementation. 
Choose One:  
· ___ Positive: This is a lower percentage of students with D/F/W than previous semester(s)
· X 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)
B. Measures Narrative
Student opinion surveys were conducted before and after implementation of the new lab manuals, using Qualtrics. The Likert-scale questions and results are summarized in Table 1 and Figures 1-2. The vast majority of students (> 90%) agreed the new lab manuals were clear, effective, and accessible (Table 1; Figure 1). Moreover, student responses to all Likert-scale questions were more positive in Fall 2023 following the transformation (Figure 1) than they were in Spring 2023 when the commercial lab manual was still in use (Figure 2). Open-ended questions asked students what they liked best about the lab manuals, what could be improved, and which specific lab exercises best reinforced the scientific method and lecture content; responses were summarized and discussed among team members and used to guide our revisions of lab exercises and the overall manuals. Representative feedback is discussed in the narrative above.  

Table 1. Likert-scale questions from student surveys, with the ratio of students who agreed (either “Strongly Agree” or “Somewhat Agree”) to students who disagreed (either “Somewhat Disagree” or “Strongly Disagree”) after the new OER lab manuals were implemented in Fall 2023. 
	Question
	Ratio of Agree 
to Disagree

	Q1. The objectives of each lab exercise were clearly defined.
	99%-1%

	Q2. The procedures for the labs were clearly written.
	97%-3%

	Q3. The procedures accomplished the objectives for the lab exercises.
	97%-3%

	Q4. The lab exercises taught me how to develop and test my own hypotheses.
	97%-3%

	Q5. The lab exercises helped me improve my scientific writing.
	90%-10%

	Q6. The lab exercises helped me improve my critical thinking skills.
	96%-4%

	Q7. The lab exercises helped me better understand concepts taught in lecture.
	94%-6%

	Q8. The lab manual was accessible.
	92%-8%




Figure 1. Results of the Likert-scale questions from the post-OER-implementation student survey (Fall 2023). Shown are the percentages of students answering each question. n = 90 respondents. 


Figure 2. Results of the Likert-scale questions from the pre-OER-implementation student survey (Spring 2023). Shown are the percentages of students answering each question. n = 21 respondents.



Impacts on student performance were measured by comparing overall grade distributions in semesters before and after implementation of the new OER lab manuals (Figure 3). Final numerical grades were compared between Spring 2023 (pre-implementation) and Fall 2023 (post-implementation) using Mann-Whitney U tests (due to unequal numbers of students). There were no significant differences in student scores before vs. after transformation for either BIOL 1107L (Z = 0.82, P = 0.41) or BIOL 1108L (Z = 0.91, P = 0.36). We elected not to analyze grades on specific assessments because there were so many changes in course structure between the two semesters that such comparisons would be unreliable.
Course-level retention was assessed by comparing DFW rates in semesters before and after the transformation. In Spring 2023 (pre-OER-implementation), the combined DFW rate across BIOL 1107L-1108L was 23% (37 out of 159 students). In Fall 2023 (post-OER-implementation), the combined DFW rate was 25% (51 out of 207 students). This slight difference in DFW rates between the two semesters was not statistically significant (test of independence: χ2 = 3.93, df = 2, P = 0.14). Most students with grades of DFW did not consistently attend lab sessions or submit lab reports. 


Figure 3. Percentage of students receiving each final grade for BIOL 1107L and BIOL 1108L. Courses are broken down into “pre-OER-implementation” Spring 2023 and “post-OER-implementation” Fall 2023 student groups. n1107Pre = 103; n1107Post = 99; n1108Pre = 56; n1108Post = 108.

Lab instructors who taught through the transformation completed a questionnaire about their experiences, with open-ended questions about strengths of the new course materials, difficulties and challenges faced, and suggestions for improvement. Representative feedback is discussed in the narrative above.  
4. Sustainability Plan
The Department of Natural Sciences is fully committed to using the newly created OER course materials across all sections and instructors of BIOL 1107L and 1108L for the foreseeable future, with periodic reviews and revisions to ensure curricular alignment. The lab manuals will be maintained and updated annually by the Lead Faculty for each course, incorporating feedback from students and instructors. We created D2L sites to share course materials among instructors, including pre-lab quizzes and introductory slides. The lab manuals will continue to be posted on course D2L sites for students to access digitally and, if desired, to print before lab. 
5. Future Affordable Materials Plans
Members of the project team who also teach the co-requisite BIOL 1107-1108 Principles of Biology lecture courses are considering applying for an ALG Affordable Materials Transformation Grant to support the adoption of an OER textbook (e.g., Open Stax Biology) and adaptive learning platform. 
6. Future Scholarship Plans
Our new OER lab manuals will be published via the OpenALG repository. We have no other immediate plans to present or publish about this work. 
Overall Grade Distributions, Pre- vs. Post-Implementation

1107 Pre	A	B	C	D	F	W	28.3	22	10	3	17.5	7.8	1107 Post	A	B	C	D	F	W	45	14	13	5	18	4	1108 Pre	A	B	C	D	F	W	45	11	30	3.6	9	2	1108 Post	A	B	C	D	F	W	52	20	5.5	8.3000000000000007	12	2	Final Grade


Percentage of students




Post-Implementation Student Survey Results

Strongly agree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	77	68	81	84	61	71	79	79	Somewhat agree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	22	29	16	13	29	24	16	13	Somewhat disagree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	0	2	3	2	10	4	6	8	Strongly disagree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	1	1	0	0.1	0	0	0	0	
Percentage of students




Pre-Implementation Student Survey Results

Strongly agree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	76.19	57.14	71.430000000000007	52.38	38.1	28.57	52.37	40	Somewhat agree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	14.29	42.86	28.57	33.33	38.1	52.38	38.1	40	Somewhat disagree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	9.52	0	0	14.29	19.05	19.05	9.52	20	Strongly disagree	Q1 Objectives clear	Q2 Procedures clear	Q3 Accomplished objectives	Q4 Develop 	&	 test hypotheses	Q6 Scientific writing	Q5 Critical thinking skills	Q7 Understand lecture	Q8 Accessible	0	0	0	0	4.76	0	0	0	
Percentage of students




