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University of Maryland Eastern Shore. UMES is a historically black 1890 Land Grant university.  There are five schools within the UMES structure.  Collectively, these Schools offer major programs leading to the BA and/or BS degree in 29 disciplines, MS degree in 11 disciplines, the PhD degree in six disciplines.  Undergraduate student enrollment at UMES during the 2010/2011 academic year totaled 4540.  Of the enrolled students 81.2% are African-American, 9.0% are Caucasian, 0.9% are Asian, 0.3% are Native American, and 8.6% are Foreign non-immigrant students.   
Department of Natural Sciences. The mission of DNS is to provide quality science education and enriched learning experiences in preparation for careers in the diversified fields of biological, physical, environmental sciences, and health related occupations.  At present, the Department offers programs leading to the BS degree in Biology, Chemistry, and Environmental Sciences and minors in Biology, Chemistry and Physics.  At the graduate level, DNS offers a five-year combined BS/MS in Marine Sciences as well as the MS and PhD in Marine Estuarine and Environmental Sciences and Toxicology.  The offering of two new programs, BS in biochemistry and in chemistry, will commence in Fall 2012.   Approximately 15% of the UMES students are pursuing a degree offered by the DNS.   
The Department also offers lower level courses, which satisfy the general education requirements in the biological and physical sciences, as well as supporting courses for majors in other departments.
During the summer of 2010, Drs. Hearne, Udeochu and Okoh were awarded funds from the University System of Maryland Carnegie Course Redesign Early Start Program, which were matched by UMES, to redesign Principles of Chemistry II, Chemistry 112, the second semester course in a two-semester sequence chemistry regimen designed for freshman science, technology, engineering and mathematics (STEM) and health professions program majors. The redesign was centered on one Goal and its Objectives:  

Goal I: Redesign Principles of Chemistry II using the National Center of Academic Transformation’s methodologies

Objective I: Revise the course structure of Principles of Chemistry II to embody the five principles of course redesign to increase the student success rate from 55% to 60%
Objective II: Employ four cost reduction strategies in the redesign of Principles of Chemistry II to decrease the cost per student by 55%

Introduction.  Principles of Chemistry II, Chemistry 112, is the second semester course in a two-semester sequence chemistry regimen designed for freshman STEM and health professions majors.  The topics covered in Chemistry 112 include: Valence Shell Electron Pair Repulsion Theory, intermolecular forces, properties of liquids, gases, and solids, chemical kinetics, chemical equilibrium, acid/base chemistry, thermodynamics and electrochemistry.  The prerequisites for Chemistry 112 are the successful completion of Principles of Chemistry I and College Algebra.  The course has the following learning outcomes: 1) develop and apply Molecular Orbital and Hybrid Orbital models of chemical bonding; 2) explain how the properties of the solid, liquid, and vapor phases of substances depend on chemical bonding and structure; 3) understand the properties of solutions and the influence of water on chemical reactions; 4) understand how reaction mechanisms determine and control reaction rates; 5)  manipulate chemical equilibrium equations to obtain physical properties such as acidity, basicity and solubility; 6) employ the laws of thermodynamics to discuss and predict chemical reactivity and spontaneity; 7) describe and calculate the properties of electrochemical cells; and 8) exhibit mastery of critical thinking skills, problem solving skills, and data analysis skills relative to the topics covered in the course.

Chemistry 112 is taught in the Spring semester of each academic year.  For example, in 2008, there were four sections of Chemistry 112 offered during Spring semester (average section size was 61 students; average enrolled population was 42).  The offering of four sections required one FTE.  In Spring 2009, two sections of Chemistry 112 was offered (average section size 83; average enrolled population was 73).  This was a result of the desire of the Chemistry Group to begin the restructuring of Chemistry 112 due to the effort exerted by the Chemistry group to offer service courses which detracted from offering advanced and specialized chemistry courses.  Chemistry 112 has traditionally been taught in the lecture format.  Professors use a combination of PowerPoint presentations and the Blackboard Learning System. Each section meets three times a week for 50 minutes.  
Rationale.  According to the Boyer Commission Report students should be provided with the tools with which they can explore deeply as well as widely, with which they can discriminate, analyze, and create rather than simply accumulate (1).  Student access to such tools will encourage and promote learning and literacy in current research methodologies and technologies.  Access to such tools will also increase technology-based activities in the curricula offered by STEM faculty members leading to efficiency and effectiveness of teaching.  The redesigned Chemistry 112 provides students with the tools advocated by the Boyer Commission Report to enhance their learning experience.

Provision of such tools in the redesign of Principles of Chemistry I, Chemistry 111, was successful in enhancing the learning experience at UMES.  The success of the UMES project to redesign Chemistry 111, Principles of Chemistry I is evident in the comparison of the final grades earned by students in the taught in the traditional format and those earned by students in the redesigned format.  The number of students in the redesigned course who were eligible to enroll in the second semester chemistry course Principles of Chemistry II offered in Spring 2009, was ~73% compared to ~58% in the Traditional Course (Spring 2008). To be eligible to enroll in Principles of Chemistry II, students are required to earn the grade of C or better in Principles of Chemistry I.  

Similar to the successfully redesigned Principles of Chemistry I, Principles of Chemistry II suffers from the following academic issues:  a) poor student retention of material, b) low student pass rate (~55%; students earning grades of A-C), c) ineffective lecture based format in engaging students, d) lack of coordination among the professors teaching the sections of the course leading to course drift and inconsistent learning outcomes.  The restructuring of this course seeks to alleviate these issues.

Impact on Students

Objective I: Revise the course structure to embody the five principles of course redesign to increase the student success rate from 55% to 60%

The redesign occurred in two phases, the pilot (Spring 2011) and the full implementation phase (Spring 2012).  During the pilot phase, it was initially proposed that parallel sections, one pilot and one traditional section would be taught by the same professor during the middle of the day in an attempt to eliminate temporal and course drift discrepancies.  The parallel sections were to be taught using the same materials, but with a different presentation style.  Due to the additional course and hence faculty member’s time that would have been necessary to do such, a comparison of the pilot professor’s (Uche C. Udeochu, Ph.D.) historical data and the pilot data was made.

The Team compared historical data (data from Dr. Udeochu’s classes) to the pilot section of Chemistry 112 in the assessment of student success.  A comparison of final grades (A-F, W, I, NP) was utilized in the assessment of the impact of course redesign (Figure 1).  As shown on Figure 1, there are a good number of positive developments that are characteristic of student’s performance as a result of the redesign. Some of these developments are:

1) Increased Success Rate.   Employing the following grading scale: A = 85 – 100 %, B = 75 – 84, C = 65 -74, D = 55 – 64, and F = less than 55, the passing grade for the course, that is the grades of students who received A-C was 78.4%. The distribution of students’ grades in spring 2011 as shown on graph is Gaussian with the maximum point on the curve located around the grade of B. For the spring 2010 semester, the curve has a maximum point around the grade of F. There was almost a two-fold increase of the percentage of students with grades of A-C in 2011 when compared with 2010, and about 7% higher than the percentage of students with grades of A-C in 2009. In fact; this percentage is over three-quarter of the entire class.

2) Increased Retention Rate.   The percentage of students who withdrew from the course in 2011 is about one-sixth of that of those who did the same in 2010 and roughly one-fifth of that of those that withdrew in 2010.

3) Reduced Failure Rate.  The failure rate in 2011 is 5.1%.  Non-participating (NP) students (3.9%) either failed to seize the opportunity given them to participate in CengageNOW and/or failed to take three or more tests.  In 2010, the failure rate was 18.8% and NP students 4.4%.
[image: image1.png]Principles of Chemistry, Il

Dr. Udeochu's sections only

]

H 20

3 70

& 60

5 50

o 20

& 30

H 20

g 10

5 0 e e
e Al |l c|Dp|F|lwl| 1 |[nN]AC
mSpring2009| 22.1 ( 28.6 | 20.8 (143 | 1.3 [104| 0 | 2.6 715
WSpring2010| 14.5 [ 11.6 | 15.9 [ 18.8 [ 18.8 (159 | 0 | 4.4 | 42
®Spring2011|10.1 {35.4[32.9| 89 | 5.1 | 25 | 1.3 |3.85(784
WSpring2012|10.5 | 21 |25.8 | 7.3 [12.1[145| 0 | 89 [573





Figure 1.  Comparison of students performance in Spring 2009, 2010 and 2011 enrolled in Dr. Udeochu’s  section of Chemistry 112.

At the end of the Spring semester of 2012, historical data from Dr. Udeochu’s classes in Spring of 2009 and 2010, and pilot phase data from Dr. Udeochu’s class in Spring 2011 were compared to the full implementation phase of redesigned Chemistry 112 course (Figure 2).
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Figure 2. Comparison of students performance in Spring 2009, 2010, 2011 (Dr. Udeochu’s sections only) and Spring 2012 (Dr. Udeocu and Cheney). 
Student performance in 2012 reflect a Gaussian distribution, with the maxima of the distribution corresponding to the grade of C.  57.3 % students obtained grades A-C in the full implementation section. This number though less than that obtained during the pilot phase is greater than the percentage of students with A-C in the Spring of 2010 (42.02%).  However the percentage of non performing students (8.9%) is greater than those obtained in the previous semesters. 

The data reveals a about two fold increase in the percentage of students who obtained a grade of F (12.1%) as compared to 5.1% obtained in the pilot section, but less than the percentage obtained in Spring 2010. This increase may be attributed to students not having adequate study time. Statistics obtained during the mid-term survey indicated that over 58% of students devoted less than two hours per week to the study of  chemistry.   

Impact on Cost Savings

Objective II: Employ four cost reduction strategies in the redesign of Principles of Chemistry II to decrease the cost per student by 55%

Increased enrollment and budget constraints at the state level, as well as federal and state implementation plans for technology access to all students, has lead to a reduction of funds for courses.  These factors make this project a creative way to cut our costs at the departmental level and implement our state technology mandate.  This redesign, therefore, incorporates methods for improving the performance of UMES students as well as controlling costs.   For this reason, several cost reduction strategies were employed in the redesign of Chemistry 112.  
Appreciable cost savings were achieved by increasing the section population to 85 students thus decreasing the section offering from four to two, replacing lecture time with web-based learning experiences, elimination of duplication of professors’ efforts, introduction of an academic support network and automated grading features provided by CengageNOW or SMARTWORK.  The redesign efforts should provide for increased faculty time dedicated to research, faculty development and teaching advanced courses.  We predict that the cost per student decreased from ~$593 to ~$418, a reduction of 29.48%, during the full implementation.  Per academic year, this savings is estimated to be $28,530.

Lessons Learned

Pedagogical Improvement Techniques

The redesign of Chemistry 112 employed the Replacement model proposed by NCAT (2).  Reduction in the number of lectures and the incorporation of computer-based learning experiences are the critical components selected from the Replacement model (2). Chemistry 112 utilized the DNS Chemistry Computer Laboratory featuring online resources such as SMARTHINKING and on-demand personalized assistance, both of which were crucial aspects of the redesign (2). 

· By redesigning the whole course, the number of lectures was reduced from three-50 minute lectures on Monday, Wednesday, and Friday of each week to two 50 minute lectures on Monday and Wednesday of each week.  Lectures were used to introduce concepts that were explored in the web-based learning experiences assigned each week.  Exams were administered on Fridays, fortnightly.  
· In the pilot section (Spring 2011), the course was structured as follows: 16% Final Exam, 56% Hour Exams, 16% CengageNOW Assignments, 4% Computer Laboratory Assignment, 8% Composition Book and 2% Bonus Project Points.  The full implementation section (Spring 2012) was structured similarly, 17% Final Exam, 60% hour Exams, 17% SmartWork, 4% Computer Laboratory Attendance and 2 % Bonus Project Points. In comparison to the traditionally taught course, 21% of the grade earned in Chemistry 112E was determined by student engagement in the learning process rather than passive exercises.
· Chemistry 112E pilot course encouraged active learning through: 1) use of CengageNOW web-based program which includes tutorials, exercises and quizzes that may be retaken to earn a perfect score; 2) mandatory use of the Chemistry Computer Laboratory for one hour per week; and 3) submission of a composition book detailing their problem solving.  

· The UMES Team used the Moore, Stanitski, and Jurs 3rd edition of Chemistry, The Molecular Science published by Thomson Brooks/Cole.  The text is supported by CengageNOW, an online set of modular tutorials published by Cengage.  “[Cengagae]NOW provides students with personalized study plans based on diagnostic pre-tests that target their study needs and help them to visualize, practice, and master the material to succeed in the course.  In addition, estimation boxes from the text are included as special modules in [Cengage]NOW to further develop estimation and ‘reasonableness of answer’ skills…” (Thomson Brooks/Cole).  Thus, it facilitated repetition, allowed the professor to probe preparedness and conceptual understanding and increased the frequency and speci​ficity of feedback to students.

· In the Spring of 2012, the full implementation employed Chemistry, 3rd edition, written by Thomas R. Gilbert, Northeastern University, Rein V. Kirss, Northeastern University, Natalie Foster, Lehigh University, and Geoffrey Davies, Northeastern University.  The accompanying web-based program is SMARTWORK.  This program is more sophisticated in its delivery and interface thus justifying the change of materials.  
Cost Reduction Techniques
The Chemistry Computer Laboratory was staffed by numerous undergraduate learning assistants (ULAs) and one graduate learning assistant (GLA): one GLA and two ULAs were dedicated to this course.  

· The GLA and ULAs offered students individualized assistance as needed and monitored student time-on-task.  
· The GLA served as a liaison between the faculty and students enrolled in Chemistry 112E, provided insight into strategies for high levels of achievement through informal settings in which students can ask questions, aided students in the review course materials and the development of skills needed to be successful in Chemistry 112E, and assist with grading in class assignments and exams. 
· The ULAs functioned in a tutoring capacity in the absence of the GLA.  These individuals were compensated by the UMES MBRS RISE Program. 
· In addition to an upgraded interface associated with the use of SmartWork, the costs associated with the text and web-based program are estimated to be $125, providing a savings to the student.  This cost is inclusive of the materials necessary for Principles of Chemistry I E and II E.

Implementation Issues

Following the initial six weeks of classes (mid-term) the students were handed survey questions that pertained to what could be done to improve their learning. The survey consisted of eight questions and was handed out to students to measure their academic preparedness for the course at the beginning of the semester and to assess their attitude to the course. 61 of 79 students participated in the survey.  
· The survey revealed that ~25% of the students enrolled did not meet the math prerequisite with students reporting that they were enrolled in remedial mathematics.  
· Approximately 80% of the students reported feeling comfortable asking questions in the class and desired more discussion time.  
· 70% reported that the classroom was not conducive to learning: the temperature regulation of Library 1199 is poor and the blackboard used for teaching is too small, requiring that the instructor spend useful class time cleaning the board.  
Sustainability of the Redesign Efforts.  
Time savings on behalf of the Chemistry 112E professor is intended to increase their participation in the offering of advanced courses, grantsmanship, time dedicated to research and service to the University.  It is requested that campus administration: 1) continue to fund the GLA position ($18,000/9mo); 2) consider revising the credit hours each professor is awarded for teaching a redesigned course; 3) enhance classroom physical infrastructure; and 4) develop methods to insure that students meet course pre and or co-requisites. 
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