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Course Name(s) and Course Numbers:  CHEM 1211 and CHEM 1212
Semester Project Began:  Summer 2019
Final Semester of Implementation:  Summer 2020
Total Number of Students Affected During Project:  4000+
1. Narrative
The scope of this project was to finish editing the OpenStax Chemistry textbook to align with the general chemistry program at UGA.  The book was approximately half finished with the editing process when the pandemic required us to pivot all of our classes to being online which required the full effort of all the instructors.  During this transition from teaching large (280 student sections) face-to-face to going online while maintain the integrity of the classes which included student engagement and rigor, a new pedagogy was developed.  
We immediately ceased work on the OpenStax textbook and a contract with a book publisher, initially Pearson and subsequently Cengage, was negotiated to provide students with an eTextbook and online quiz and homework platform for a total fee of $40.00 or less per semester.  With classes pivoting to being online and asynchronous, video lectures using Kaltura were prepared and posted on the learning management system.  Prior to the pandemic, a part of our pedagogy was to utilize interactive lectures augmented with student response questions to gage their understanding.  But this was untenable with asynchronous classes and so the student response questions were converted into worksheets that accompanied each video lecture.  Not surprisingly, we found that when the students were required to show all of their work on these worksheets rather than just answering a student response question during class, they had better comprehension and retention of the concepts.  The students had greater understanding of the content but the instructors were buried in the grading of these worksheets.  
 As the pandemic continued, the new model for our classes evolved.  Because students were unable to interact with one another, a plan was devised to help alleviate their feelings of isolation.  The following semester, a weekly, 50-minute mandatory recitation session was implemented for all sections of CHEM 1211 and CHEM 1212 classes.  Initially these recitation sessions were delivered via Zoom.  Students were placed in Zoom breakout rooms containing 5-6 students each and Peer Learning Assistants (PLAs) were assigned to two to three rooms to which they rotate.  Students were to work in groups on the recitation worksheets, showing all of their work, and then submit them to Gradescope.  To alleviate the instructor’s arduous task of grading these numerous worksheets, graduate students were employed to grade the worksheets.  In utilizing Gradescope, a graduate student could grade 1000 weekly worksheets in approximately 5-8 hours.  
While many classes had a reduction in grades, retention, and understanding of the content presented, the general chemistry classes using this model showed little to no decrease.  One indicator that was used to determine this was student scores on prepared ACS exams.  
When classes returned to being minimally face-to-face, the general chemistry classes continued to utilize video lectures and asynchronous classes, but the recitations were face-to-face in a room where social distancing was practiced.  The recitations were attended by the students, PLAs and instructors.  The ratio of students to PLAs used was 18 to 1.  To ensure social distancing was practiced during the recitations while answering questions, PLAs were each given a rolling four-foot by three-foot reversible whiteboard.  In order to ensure the PLAs were ready for the recitations, a weekly PLA meeting was held by Zoom to review the worksheet content and they were provided with a key.
As the University opened up and classes resumed normally, this model was further refined.  Lessons learned from earlier semesters were implemented.  Initially, recitations were paired with a lecture class and a given cohort attended together.  However, the recitation times paired with a lecture were not necessarily held at convenient times for all the students in the lecture.  Ultimately, the recitation sections were separated from the lectures and were offered for zero credit hours and at numerous times of the day.  A student would then register for a lecture, recitation and a lab section.  
Merely going over the material on the recitation worksheets in weekly meetings with the PLAs was insufficient to ensure their ability to explain concepts and answer questions during the recitations.  This procedure was subsequently changed and PLAs were required to do the worksheet and turn it in to Gradescope prior to their weekly meeting.  The PLA worksheets were graded and the questions that were most often missed were discussed in the weekly meetings.  We found that when the PLAs actually did the worksheet problems, they were able to answer student questions during recitation without the necessity of “reading” the key to them.  
Lastly, we implemented our own peer assistant program, the Chemistry Learning Assistant (CLA) program.  This was accomplished by securing funding for the program and then creating a Qualtrics application that students who wish to serve in this capacity fill out.  This program is enormously successful; we currently have more than 400 applications for about 150 openings.  This program is very time consuming and labor intensive, so two Lecturers have been given a course release each semester to manage the CLAs for CHEM 1211 and 1212.  Eventually, this will need to be followed for the organic chemistry classes using CLAs as well.  
Students serving as a CLA for the first time are required to take a STEM pedagogy class (CHEM 3710) that we developed and teach.  This is a three-credit hour class with one hour per week spent in a class discussion and the remaining two hours as student instruction.  Experiential Learning credit is also given upon completion of the class.  Chemistry Learning Assistants are required to be engaged for five hours per week.  One hour is provided for them to complete the worksheet; one hour for the weekly CLA meeting; one hour spent in recitation; and the remaining two hours doing a variety of activities of their choice.  The additional activities include, making videos to explain difficult problems, holding office hours, annotating worksheets or exams, working in a group to make a video key of the exams, monitoring a Discord server for questions, writing recitation questions, and working in groups to prepare and deliver exam reviews.  
Students serving as a CLA for the second or greater time, have two choice how they wish to proceed.  They can be paid for five hours per week at a rate of $11.00 per hour.  Alternatively, they can take CHEM 3710 a second time and serve as a mentor to the new CLAs.  Most of our CLAs have taken one year each of general and organic chemistry classes for their majors.  This option of taking CHEM 3710 twice will provide these CLAs with the opportunity to take one additional upper division chemistry class to earn a minor degree in chemistry.  After running this program for just two semesters, there are approximately 30 CLAs pursuing the chemistry minor through this avenue.  In the first two semesters that CHEM 3710 was offered, there were about 85 students enrolled for each of the two semesters.  In the coming semester, it is anticipated that there will be more than 100 students taking CHEM 3710.
A folder containing recitation worksheets for a semester of General Chemistry I and II, CHEM 1211 and CHEM 1212, has been submitted and detailed instructions for students to convert worksheets to a PDF and then upload to Gradescope is also provided.
2. Quotes
How could the recitation worksheets be improved? (From the end of semester surveys)

It was great already. I liked that there were lots of problems on the worksheets for the week of exams. (CHEM 1212)

I think the recitations are the best practice for the tests (CHEM 1212)
I think they’re good the way they are. CHEM 1211)

Did you like having Chemistry Learning Assistants (CLAs) in our class? (from the end of the semester surveys)
The time is too short to be effective. But making the time longer would become very inconvenient. Instead I would like to see time added after the lectures to ask questions. The lecture always feels fast paced and with no time to ask questions. (CHEM 1211)
There are not enough of them for the amount of students that are present. Some NOT all CLA’s make you feel stupid for not understanding something or for not knowing the basics which is not appreciated since they are literally there to help US! (CHEM 1212)
I preferred learning from the professor and other outside resources. (CHEM 1212)
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?
A survey was given to all CHEM 1211 and 1212 classes after the last test asking a wide variety of questions regarding the pedagogy used in both the lecture and lab classes.  It has been found the students are overwhelmingly positive about the addition of weekly one-hour recitation sessions attended by the instructor and Chemistry Learning Assistants (CLAs) where they work in groups solving questions and problems on challenging worksheets.
Total number of students affected in this project:  Approx. 1500-2000 students per semester
· Positive:	>80% of 1400 number of respondents (data from spring 2023)
· Neutral:	5% of 1400 number of respondents
· Negative:	15% of 1400 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?
Student outcomes should be described in detail in Section 3b.       
Choose One:  CHEM 1211
· ___ 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) 

Choose One:  CHEM 1212
· ___ 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) 

Student Drop/Fail/Withdraw (DFW) Rates:  CHEM 1211
Was the overall comparative impact on Drop/Fail/Withdraw (DFW) rates in the semester(s) of implementation over previous semesters positive, neutral, or negative?
9.5% of students, out of a total 970 students affected, dropped/failed/withdrew from General Chemistry I (CHEM 1211) in the final semester of implementation. 
Choose One:  
· ___ Positive: This is a lower percentage of students with D/F/W than previous semester(s)
· ___ 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)

Student Drop/Fail/Withdraw (DFW) Rates: CHEM 1212
Was the overall comparative impact on Drop/Fail/Withdraw (DFW) rates in the semester(s) of implementation over previous semesters positive, neutral, or negative?
4.7% of students, out of a total 578 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)
· ___ 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

In the time since the General Chemistry I and II (CHEM 1211 and 1212) courses were redesigned, a reduced withdrawal rate and increased success rate have been observed.  There was a slight bump in the statistics during the pandemic but the classes are now back on track.  The addition of recitation sections with CLAs where students work in groups to solve complex problems on worksheets has resulted in higher student satisfaction with the classes better retention of the content with concomitant increase in success when taking subsequent classes, and a higher level of soft skills.  During the pandemic with the necessary isolation of students, a marked decrease was noted in students’ ability to communicate with one another and the recitations with required group work helped to alleviate that issue.  Also, during this time period, the Chemistry Department has hired a number of new Lecturers to teach these classes resulting in a decrease in class size from 280 students per section to approximately 85-120 students per section.
The data below shows the success rates for the respective general chemistry classes for numerous years.  It is clear that the pedagogical changes made with the CHEM 1211 and CHEM 1212 classes along with the reduced class sizes have positively impacted the general chemistry students.
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	Fall CHEM 1211 Grades

	 
	F 2014
	F 2015
	F 2016
	F 2017
	F 2018
	F 2019
	F 2020
	F 2021
	F 2022

	ABC
	69.8%
	67.1%
	65.5%
	69.7%
	73.8%
	86.5%
	87.3%
	73.6%
	76.4%

	DF
	8.7%
	5.3%
	6.5%
	5.2%
	6.3%
	6.3%
	3.2%
	10.1%
	9.3%

	W
	21.5%
	27.7%
	27.9%
	25.1%
	20.0%
	7.2%
	9.5%
	16.3%
	14.3%

	n
	1694
	1578
	1346
	1256
	1278
	1160
	970
	1139
	1088



	Spring CHEM 1211 Grades

	S 2015
	S 2016
	S 2017
	S 2018
	S 2019
	S 2020
	S 2021
	S 2022
	S 2023

	54.9%
	74.5%
	66.4%
	71.9%
	83.1%
	86.8%
	76.5%
	79.5%
	85.8%

	16.8%
	9.7%
	11.7%
	8.2%
	4.7%
	2.7%
	12.6%
	10.3%
	8.5%

	28.4%
	15.8%
	21.9%
	19.9%
	12.2%
	10.6%
	10.9%
	10.2%
	5.8%

	656
	682
	929
	968
	889
	862
	779
	845
	955



	Fall CHEM 1212 Grades

	 
	F 2014
	F 2015
	F 2016
	F 2017
	F 2018
	F 2019
	F 2020
	F 2021
	F 2022

	ABC
	58.3%
	62.7%
	55.1%
	71.7%
	76.4%
	80.9%
	86.3%
	82.1%
	78.5%

	DF
	11.7%
	9.7%
	15.7%
	13.0%
	7.8%
	7.4%
	9.0%
	7.1%
	15.6%

	W
	30.1%
	27.6%
	29.2%
	15.3%
	15.8%
	11.7%
	4.7%
	9.9%
	6.0%

	n
	369
	370
	459
	594
	703
	676
	578
	647
	688



	Spring CHEM 1212 Grades

	S 2015
	S 2016
	S 2017
	S 2018
	S 2019
	S 2020
	S 2021
	S 2022
	S 2023

	64.0%
	82.2%
	73.3%
	79.9%
	84.5%
	92.0%
	78.6%
	81.7%
	86.6%

	8.9%
	6.0%
	7.9%
	9.1%
	8.0%
	2.5%
	14.5%
	13.0%
	8.6%

	27.1%
	11.8%
	18.8%
	11.0%
	7.5%
	5.5%
	6.9%
	5.1%
	4.8%

	1091
	985
	866
	877
	922
	909
	767
	818
	806



Another indicator of student success, retention of content, and comprehension is seen in the scores earned on the American Chemical Society standardized exams that are used as the final exams in these classes.  The average ACS exam score in CHEM 1211 prior to the redesign of the courses was 70.4% and afterward, the average score has been 75.1%.  For CHEM 1212, the average scores before the changes were 66.7% and afterward have been 75.6%.  
With the increased success rates and improved perception of these general chemistry classes a marked decrease in the number of students taking these classes at another institution and transferring them to the University of Georgia has been observed.  The number of students transferring CHEM 1211 credit to UGA in the year preceding the transformative changes was 1,179 to the current level of 390.  For the same period, the students taking CHEM 1212 at another institution and transferring it to UGA has gone from 615 to 188.  
4. Sustainability Plan
Given the success of the methodology used in the General Chemistry I and II classes, there is no plan to step away from this model.  In fact, it has been implemented in numerous other classes in the chemistry department such as the Basics of Chemistry (CHEM 1210), Advanced General Chemistry II (Honors) (CHEM 1312H), General Chemistry for Scientists and Engineers I and II (CHEM 1411 and CHEM 1412).  In these classes, students have responded favorably to the changes and success rates have improved.
5. Future Affordable Materials Plans
This model has recently been expanded to include the Modern Organic Chemistry I and II classes (CHEM 2211 and CHEM 2212) for one semester each with similar results as have been seen with general chemistry.  Future plans include continued work with organic chemistry classes so they run as smoothly as the general chemistry classes.  Other UGA Departments including Computer Science, Microbiology, and Biology are currently pursuing the inception of similar models in their programs.
6. Future Scholarship Plans
We are preparing a manuscript detailing the course changes and results to be submitted to the Journal of Chemical Education.  Plans also include attending educational conferences and presenting this work.  It is possible that we may be asked to conduct some workshops to assist other departments in adopting this model. 
