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1. Narrative
A. Describe the key outcomes, whether positive, negative, or interesting, of your project.  Include:
· Summary of your transformation experience, including challenges and accomplishments
Narrative 
This grant report is submitted as fulfillment of the requirement for Affordable Learning Georgia transformation round 22, grant number 650.  

This project was aimed at achieving the following goals in sustainably addressing Calculus challenges at Columbus State University; 
 1) providing no-cost-to students learning materials through adapting(=mixing) existing OER (Open Educational Resources) in Calculus for the two Calculus I sections beginning fall 2023. Besides the cost savings, our project's central objective was to enhance the effectiveness of these OER and ensure that the material provided quality experience for Calculus I students.  
2) restructuring the Calculus I course material and delivery that supported active learning and a focus on real-world applications.  
3) Improving students’ confidence in their ability to apply mathematics skills in the context of experiences that the student will be likely to encounter in advanced Mathematics courses and fields in which Calculus is part of the core. 

The adaptation of select Open Educational Resources (OER) was implemented on two sections of MATH 1131 (Calculus with Analytic Geometry I) taught by Dr. Nehal Shukla and Dr. Ben Kamau in fall 2023. The OER included the Open Stax, Active Calculus, Calculus I Workbook and videos. 

This project was carried out collaboratively in three phases spanning spring 2023, summer 2023 and fall 2023 semesters. The first phase during the spring 2023 semester completed review of content for Calculus I. This was achieved by mapping required topics to content in the three major OER resources Open Stax, Active Calculus, and Calculus I Workbook. While all the three resources had rich content, there was significant variability in the way the content was presented. This team pivoted on OpenStax for the course content and supplemented it with examples, exercises from Calculus I Workbook and Active Calculus. The content for the rest of the Calculus sequence (Calculus II, Calculus III) was not reviewed and was deferred for future projects. 

The second phase was accomplished by developing weekly PowerPoints presentations in D2L that included content, example videos and Class Activities comprising of problems to be solved in class. Calculus Lab activities were developed to incorporate use of technology specifically, Desmos, Excel and GeoGebra. In deciding content coverage, exposure, emphasis and representation, the team was guided by factors including the Student Learning Outcomes, relevance, and hierarchical connection of the topics. 

In implementation phase, we used common syllabi (see attachment) for the two sections except for aspects relating to mode of instruction, since one section was in-person while the other was fully online. The instructional materials including PPT, videos, Calculus lab activities and assessments were uploaded into D2L. The content in D2L was organized in weekly modules, each of which was self-contained.

We found out that the course structure allowed for significant engagement of the student with the materials. This multimodal approach that included the selected content, videos demonstrating examples and opportunity to explore using technology reinforced the concepts and created a dynamic learning environment. 

Calculus I course is 4 credit hours. Equivalent of two credit hours was dedicated to 
developing the concepts and conceptualizing real-world problems through the class activities embedded in the PowerPoints, three Problem Sets (see attached samples). The other equivalent of two credit hours was dedicated to Calculus Lab activities in which students delve into challenging concepts and work on modeling-type problems. The Calculus lab activities incorporated the use of technology like Desmos, Excel or Geogebra (see here) to study concepts with graphical and symbol-manipulation computer programs and more importantly model, solve and interpret quantitative problems from authentic contexts. 
 
Conducting assessment via D2L allowed students both in-person and online sections access to the same assessment items, feedback and ability to show their work. These assessments include 3 Problems Sets, 4 Homework, 3 Quizzes, Midterm exam, a course project, and a comprehensive final exam. In addition to timely feedback to students on assessment items, the provision of second attempts to the homework was widely utilized by the students.  
The assessments were structured to include; 1) True or False questions to stimulate memory of information are recalling of facts, 2) Multiple choice questions that stimulate comprehension, computation, and translation, 3) short answers question that stimulate interpretation and representation to discover relationships among the facts, definitions, generalizations, rules, and computation skills, 4) written response questions that stimulate application skills to solve multiple-step questions, word- problems and real-world problems. These types of questions were implemented to overlap and support each other in all Homework, Quizzes and Exams. 

With this structure, students that used internet sources had difficulty responding to multiple choice questions and short answers questions due to the compact nature of the solution sourced from internet. This is an indicator that well-structured multiple choices and short answer questions encourage students to solve the problems instead of searching for internet solutions. Similar phenomena were identified with the standard-type of questions in Problem Sets, where generative AI solutions were rampant. The faculty is considering a two-prong approach 1) to use multiple types of questions to achieve the learning objectives of Problem Sets as a central learning tool and a key assessment method. 2) gather best practices to create opportunities for students to engage, critically evaluate, and perhaps leverage generativeAI responses in order to learn the desired content and become better problem solvers. 

Another technology related challenge faced by faculty and students was the compatibility of D2L with mathematics symbols/expressions; where the system could not recognize equivalent forms of the answers. With this challenge the faculty had to regrade the work already graded by the system. Additionally, faculty and students spent inordinate amounts of time navigating the system issues, amounting to some confusion and frustration in the feedback provided. To address these drawbacks, the faculty with the University Information Technology services (UITS) and the Center of Online Learning (COOL) that oversees the D2L at Columbus State University will work towards identifying solutions to the compatibility issues. 
 

Assessment of student’s success was carried out by measuring student’s success from 
two sections of Calculus-1 for fall 2023 class and comparing it with average of student’s success from two sections taught by same instructors in spring 2021 using commercial textbooks bundled with homework management system WebAssign.  

Results
During the implementation semester Fall 2023; 
Of the 64 students enrolled in the two sections of Calculus I; 
78% of the students achieved a grade “C” or better, 90% passing the class. 
24 out of 64 (37.5%) were in DFWWF range and did not make a productive grade. 
Compared to Spring 2021 when the two instructors taught two sections of Calculus I use traditional resources where; 
Of the 50 students enrolled, 77% achieved a grade “C” or better, 79% passing the class. 
13 out of 50 (26%) were in DFWWF range and did not make a productive grade. 
 
We have noticed an increase in the percentage of students who were assigned W or WF grades in fall 2023, this may be due to the challenge of the amount of work to be completed in this restructured format verse the traditional lecture and instructor-centered instructions fashioned in learners' experiences and entry behavior. This necessitates the need to introduce OER and multimodal delivery and multiple methods of assessment in prerequisite courses of Algebra and Precalculus. 
While the percentage gain in productive grades (“C” or better) is slight between spring 2021 and fall2023, in achievement the use of OER and the restructuring of the course has an overall positive effect on student success, and the survey results indicate that students have an overall high satisfaction with multimodal approach. The apparent effectiveness of multimodal learning coupled with the students’ satisfaction was strengthened by the inclusion of a course project in which the students made in-person presentations or through videos. 
In addition, these projects incorporated the five select elements of high-impact practices.  

Historical Course data 
	Semester 
	# of Sections 
	# of Students 
	Course Delivery 
	Resources 
	Types of 
Assessments 

	Spring 2021 
	2 
	50 
	Traditional in-person 
	Textbook/ 
Webassign 
 
	Webassign generated assessments 
 

	Fall 2021 
	2 
	60 
	Traditional in-person 
 
	Textbook/ 
Webassign /MyMathlab 
	Webassign /MyMathlab generated assessments 
 

	Spring 2022 
	2 
	63 
	Traditional in-person 
 
	Textbook/ 
Webassign+ Other Text 
	Webassign generated assessments 
 

	Fall 2022 
	2 
	64 
	Traditional in-person & Online 
 
	Textbook/ 
Webassign /MyMathlab 
	Webassign /MyMathlab generated assessments 
 

	Spring 2023 
	2 
	62 
	Traditional in-person & Online 
 
	Textbook/ 
Webassign  
	Webassign generated assessments 

	Fall 2023 
	2 
	64 
	Restructured 
in-person & online 
	Select OER  
	Instructor developed assessments in D2L 


 

Outlier cases have been noted in previous sections that utilized only at-cost materials including Webassign resources and minimal proctoring using Lockdown Browsers. This project shows a marked outcome in productive grade (78%) compared to a four-semester average (fall 2021-spring 2023) of 69.5%.

· Transformative impacts on your instruction
The use of multiple methods of assessment helped the instructors gain a comprehensive understanding of learner progress across a wide range of skills and content. The Homework Quizzes and the exams were structured to include multiple choice, true or False, short answer and Written response questions. This allowed the instructors to adjust the pace and distribution of content material. Substantive faculty-to-faculty interactions that provided consistent and uniform feedback in this course. Providing concise description of course project and modality of presentations allowed for student creativity in completing the project. 

· Transformative impacts on your students and their performance
The structure has helped us establish variability in student engagement and performance in different assessment types e.g mixed-format own created questions versus standard-textbook questions. Students applied themselves to explore the concepts using technology, including Desmos and Excel.
Exposure to multimodal approaches allowed the infusing of elements of High Impact Practices (HIPs) including;
1. High expectation: Students completed variety of activities to ensure mastery of subject matter.
2. Time/effort investment: Students were engaged throughout the semester by way of class activities, Calculus lab activities, four Homework, three Quizzes, three Problem Sets, a course Project, midterm exam and comprehensive final exam.
3. Substantive interactions: Peer-to-peer interaction and student-instructor and instructor-to-instructor interactions.
4. Feedback: Students received both formal and informal constructive feedback from instructors. D2L provided an opportunity to grade, regrade and comment on students’ work providing timely feedback.
5. Real-world applications: Opportunity to discover the relevance of learning through world application was realized through the course project on optimization using calculus concepts.
6. Dissemination: Course culminated in project work that demonstrates competence from understanding skills gained by students. The students made in-person presentations/video of their project work.

a. Describe lessons learned, including any things you would do differently next time.  
Though rich experience for students, there was not adequate time for students to cover all aspects of the course due to the variety and activities scheduled. 
Technology challenges included D2L not compatible with math equations, symbols, and representation; student had difficulty typing their answers in D2L; 
D2L does not recognize alternative forms of mathematical expression; thus, requiring instructor to check answers manually and though timely, the feedback left students confused in such cases.
With Lockdown Browsers, the students had difficulty uploading their work for the Written Response questions-this created discontinuity in the feedback on homework and quizzes which are all critical components of learning for the students. In future the instructor will proactively work with Center of Online Learning (COOL) during planning to ensure advanced functionalities of D2L are activated.
In Problem Sets, we noted cases of students submitting solutions from internet sources. This was mainly because the questions were in the format of standard textbook-type questions. In future we plan to use the structure used in homework and Quizzes; and incorporate the questions in the homework allowing more time for students to complete. Additionally, we will invest on best practices to leverage the generativeAI.
Students being exposed to homogeneous activities such as webassign, matlab and others in earlier courses including precalculus find challenge in completing various aspects of the structured course with various components. We will recommend to the department and the mathematics program to expose students to a variety of high-impact practices at early stages to ensure continuity in the redesigned Calculus courses.
Even with the current state of generative AI and internet resources, our overall experience is that students in these sections applied themselves to our developed online assessments and the results comparable to traditional in-class assessments. This is partly due to the assessment structuring that incorporates multiple types of questions.
We also noted that lack of efficient proctoring for quizzes and overreliance on Lockdown Browsers may impact student engagement with the material.
Students expressed the need for more videos that are geared towards the content and solving different problems. In future the instructors will select newer and targeted videos if available; otherwise, we will create our own videos and digital media to align with the new structure of the course. The instructors propose to create videos of problem-solving sessions to supplement the content specific videos available in OER.


b. Describe any materials you created or revised/remixed that will be shared with the public. Include the open license your materials will be shared under—for most materials, this will be an Attribution 4.0 License (CC BY) as required in the Grants Request for Proposals.   
In D2L we created PPT lectures with mixed content and embedded videos, Assessments that includes homework, quizzes, midterm, and final exams structured for multiple choice, True/False, short answer, and written response questions. Also, we have uploaded Problem Sets as assignments for which the students upload their worked solutions in D2L. Also, we have included a course project and Calculus lab activities in Desmos, Excel, and Geogebra. The uploaded Sandbox course in D2L will be available to faculty through the university’s Center of Online Learning (COOL). Additional resources developed and refined during spring 2024 will also be uploaded in D2L and available to students and faculty.

7. Quotes
Provide three quotes from students evaluating their experience with the no-cost learning materials.
“There is an abundance of material and resources.”
“By all means, I think the overall structure of the course was great.”
“Input additional link for videos that cover the various different problems that are assigned on the test/quizzes.”

A survey question evaluating the students’ experience with OER yielded the following.
100% of students affirmed the course was based on no-cost, free-download material.
95% of students indicated that after taking this course they preferred open resources/ inclusive access to digital material that we used this semester (Selected videos, and instructor's created free resources including PowerPoint slides, Problem Sets, Homework, Desmos activities, Project, Quizzes and Exams)
8. Quantitative and Qualitative Measures
a. Uniform Measurements Questions
The following are uniform questions asked to all grant teams. Please answer these to the best of your knowledge. 
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: _64__Positive___38____
· Positive:	____95___ % of ____40____ number of respondents
· Neutral:	_______ % of ________ number of respondents
· Negative:	_______ % of ________ 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:  
· __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) 
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?
Depending on what you and your institution can measure, this may also be known as a drop/failure rate or a withdraw/failure rate.
___37.5____% of students, out of a total ___64____ 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)
· _X__ Negative: This is a higher percentage of students with D/F/W than previous semester(s)

b. Measures Narrative
In this section, summarize the supporting impact data that you are submitting, including all quantitative and qualitative measures of impact on student success and experience. Include all measures as described in your proposal, along with any measures developed after the proposal submission.  
[When submitting your final report, as noted above, you will also need to provide the separate file (or .zip with multiple files) of supporting data on the impact of your Textbook Transformation, such as surveys, analyzed data collected, etc.]
· Include measures such as:
· Drop, fail, withdraw (DFW) delta rates
· Course retention and completion rates
· Average GPA
· Pre-and post-transformation DFW comparison
· Student success in learning objectives
· Surveys, interviews, and other qualitative measures 

To achieve the impact data, we examined the effectiveness of OER and course restructuring using both qualitative and quantitative measures.

Qualitative Measures Results
We distributed a survey/questionnaire form that collected students’ feedback on the free materials including accessibility, usability, coherence, and quality. The form was designed to also collect students’ satisfaction feedback with the structure and learning activities. 

The following sampled questions elicited student responses to the various aspects of the course as contained in the MATH 1131 Calculus I Survey Questions Fall 2023.

Question 3
After taking this course do you prefer open resources/ inclusive access to digital material that we used this semester (Selected videos, and instructor's created free resources including PowerPoint slides, Problem Sets, Homework, Desmos activities, Project, Quizzes and Exams)?

95% of the respondents agreed with the statement indicating a strong preference for students to have no-cost material and supporting resources.

Question 4
PowerPoints, select videos, class activity, homework exercises and problem sets were helpful in understanding the Calculus I content. 

95% of the respondents agreed that in general the course components were helpful in understanding the course. Specifically, students also expressed concerns with attributes including the amounts of work and technology compatibility issues.

Question 5
The content used in this course using free download textbooks, workbook and PowerPoint Presentation was adequate in understanding Calculus concepts.

 90% of the respondents agreed on the adequacy of the material in understanding Calculus concepts. There are calls from students to include more videos in the course. 





Question 6
On the helpfulness of the Class Activity, the average rating is 3.77 out of 5. While the Class Activity was optional and not a graded item, there is need for it be graded as a low-stakes item to increase participation and provide feedback to students.

Question 7
On the helpfulness of the videos embedded in PowerPoints, the average rating is 3.80. The videos were dated and may not have aligned perfectly with the content. The instructors propose to create videos of problem-solving sessions to supplement the content specific videos available in OER.

 
95% of the respondents indicated some use of technology including Desmos, Excel or Geogebra activities in exploring Calculus concepts. The activities were not graded but there is a need to increase participation and provide feedback to students.

Towards meeting student learning outcome for this course, 
“Model and interpret quantitative problems from authentic contexts and everyday life situations.” 

90% of the respondents agreed with question 9
The word problems in Problem Sets, Homework and Class Activity helped understand the relevance and applications of Calculus.

And 92.3% of the respondents agreed with Question 10
The course project provided a real-life application connecting with Calculus concepts.

While presenting own work to peers is an integral element of HIPs, only 75% of respondents agreed with Question 11 
Presenting my/our project to class or by video was helpful.

On the structure of the assessment methods, 90% of the respondents agreed with Question 13
The structure of the Homeworks, Quizzes and Exams, that included True or False, Multiple Choice, Short Answer and Written Response questions was helpful.


The overall learning experience in the course was rated 3.73 out of 5. This is consistent with literature on students when new strategies are introduced, particularly active learning, initially it can be frustrating for the student.

Quantitative Measures Results
We employed the comparison of general success rates to previous semester (spring 2021) that did not employ OER nor course restructuring. Due to the considerable number of assessments in this project, the proposed pre-quiz and pre-test items were not included in the fall 2023 implementation.

During the implementation semester Fall 2023; 
Of the 64 students enrolled in the two sections of Calculus I; 
78% of the students achieved a grade “C” or better, 90% passing the class. 
24 out of 64 (37.5%) were in DFWWF range and did not make a productive grade. 
Compared to Spring 2021 when the two instructors taught two sections of Calculus I using traditional resources (without OER nor restructuring) where; 
Of the 50 students enrolled, 77% achieved a grade “C” or better, 79% passing the class. 
13 out of 50 (26%) were in DFWWF range and did not make a productive grade. 
This project shows a marked outcome in productive grade (78%) compared to a four-semester average (fall 2021-spring 2023) of 69.5%.

· Indicate any co-factors that might have influenced the outcomes.  
The marked difference between this new approach and students’ prior experience with standard teaching methods and assessments may influence the outcomes. 
Exposure to multimodal approaches allowing the infusing of elements of HIPs may have contributed to deeper learning.
9. Sustainability Plan
Describe how your project team or department will offer the materials in the course(s) in the future, including the maintenance and updating of course materials. 
Because of the significant cost benefit of this project and the successful design of this course towards meeting student success, we plan to recommend this material to all the faculty members in the department in the next couple of semesters. To that end, the two instructors in this project will continue to teach two sections of Calculus I in spring 2024. This will provide increased opportunities to refine the adaptation of the OER, instructional resources and strategies to sustain the course for ease of use and quality in future offering.
Also, we are working on getting more feedback from students and colleagues to improve the course design and better serve our students and faculty. Currently, we have uploaded the Sandbox course in D2L that any faculty may access. For spring 2024, students will acquire OER materials, the PowerPoints of adapted material and videos of problem-solving sessions in D2L. The students will take homework Quizzes and exams within D2L. This team of instructors will update the course materials as needed to meet students’ needs. Also, we will share the experiences in this project through a variety of opportunities and encourage more faculty members to adapt OERs in other math courses and departments.
We will recommend the design to the department to include the Precalculus course and Calculus II and Calculus III courses. This will ensure consistent student experiences and opportunities to improve the courses for students’ benefit.
10. Future Affordable Materials Plans
Describe any impacts or influences this project has had on your thinking about or selection of learning materials in this and other courses that you will teach in the future.
· This project has shown the direct benefits in savings for the students. For fall 2023, $12,622.00 in savings was realized for two sections of the course. The availability of no-cost materials on the first day of classes addressed the challenges of accessibility of affordable and quality instructional materials.
·  Selecting material that supports other learning resources available e.g creating our own videos instead of using dated videos.
· Increase opportunity for students to explore content and complete assignments using free-download technology.
· Plan for impacts of generativeAI and leverage it on the design of instructional and assessment materials.
· Combine the OERs with other existing material to create more versatile course content and learning activities.
11. Future Scholarship Plans
Describe any planned or actual papers, presentations, publications, or other professional activities that you expect to produce that reflect your work on this project.
· The team will be submitting a paper to the International Journal of Education in Mathematics, Science and Technology (IJEMST) or SOTL Journals by April 2024.
· Disseminate course level findings at department’s forums like the Math connection seminar.

12. Description of Photograph (optional) 
This is where a team can list the names of the people shown in this separately uploaded photograph, along with their roles, if applicable. 
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