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Abstract
	This study explored the success and completion rates of lab/lecture science courses compared to other formats at Chippewa Valley Technical College (CVTC) over the past five years.  At CVTC, science courses are offered in the following formats:  lab/lecture, lecture only, hybrid, online, and web conferencing.  Recent changes have caused some of the courses to be re-classified into a different delivery format due to state-wide curriculum changes or by institutional decision to fit the needs of the individual programs.  
	This study proposed that the students in the lab/lecture delivery formats will have higher success and completion rates than students in courses where the delivery formats do not include a laboratory component.  The results of the study showed that students in lab/lecture classes at CVTC did indeed have an overall higher success and completion rate than the students in non-lab based delivery formats.  Further, the lab component was seen to be especially beneficial to new or at-risk students.
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Introduction/Literature Review
	Traditional science classes are typically framed as a series of lectures paired with a reserved block of time for laboratory activities.  Science courses are so associated with labs that Solomon (1980) once stated that science belongs in the laboratory ‘as naturally as cooking belongs in a kitchen and gardening in a garden.’  However, as the face of post-secondary education continues to evolve, this traditional schema is being challenged.  Distance learning has pushed science courses into alternative delivery formats that are unable to have a traditional laboratory component.  The question then arises, without traditional laboratory components, are students still able to achieve a satisfactory grasp of the presented scientific concept? 
	In order to reach out to a diverse student body that is geographically spread over a large rural area, courses at Chippewa Valley Technical College (CVTC) are presented in lecture, lab/lecture, online, hybrid, and web conferencing (using Microsoft Live Meeting) formats.  The format in which each course is presented is dependent on the state-wide curriculum and the needs and preferences of program directors to best suit the needs of the students.  At no time are students allowed to choose either lecture or lab/lecture for the same course.  However, organizational and curriculum changes have caused some courses to change from lecture to lab/lecture or vice versa.  The goal of this research is to investigate the results of these organizational changes and how that may have affected student success and completion rates in those courses.
	The standard by which the organizational changes have affected outcomes will be gauged by the student success and completion rates of science courses based on delivery format.  The fundamental hypothesis is that students will show a higher rate of success and completion in lab/lecture based science courses as opposed to other delivery formats.  The approach of this research focuses on delivery formats, learning environments, and learning styles.
	One of the major approaches used to achieve student success is providing problem-based learning that is designed to give students the ability to think at high cognitive levels such as Bloom’s analyze, evaluate, and create levels (Anderson, 2001).  At CVTC, all classes are taught with problem-based learning using hand-on activities in real-life situations.  Regardless of the class format, students are required to prove their comprehension of presented material through their ability to complete tasks aligned with the state approved curriculum.  Courses that are designated as non-lab based still have aspects of active learning and are not strictly theoretical. This research will evaluate student success based on the guidelines set up by Overbaugh and Lin (2006).  Overbaugh and Lin outline three major areas that affect student success in problem-based learning:  sense of community, learning styles, and learning orientation.  
	Overbaugh and Lin (2006) argue that the development of learning communities increases learning and student satisfaction.  Cooperative learning will lead to an advanced collective learning that will support the growth of richer individual knowledge.  Proper learning communities require that the system capitalizes on the diversity of the backgrounds and expertise of the individual students.  The development of communities should not solely depend on the instructor, but rely on some of the academically mature students forming e-mail lists, study groups, etc.  
	At CVTC, lab/lecture courses contain a designated block of time for traditional structured labs.  Whenever possible, lecture and lab/lecture courses are scheduled into a lab classroom.  However, due to time restraints and limited lab space, some courses have lecture in a traditional classroom.  Traditional and lab classrooms are both equipped with the same type of computer workstation and projector.
	The alternative delivery courses (online, hybrid, and web conferencing) are offered as part of a CVTC goal to provide flexible learning environments for students.  A recent CVTC goal is to offer 40% of all classes using an alternative delivery method.  This goal was implemented to reach out to the increasing number of non-traditional students who are mainly displaced workers or looking for a career change.  The alternative delivery courses aim to offer courses to students that have demanding outside responsibilities, such as full-time jobs and families, and to students that live in rural areas.
	Hybrid courses are designed to blend aspects of online and face-to-face traditional lectures.  These courses require students to use half of their required credit hours to learn the material independently using online lectures, reading assignments, and collaborative projects through a learning management system.  The face-to face aspect of the class is then reserved for highlighting the important trends in the class through discussions and activities.
	Web Conference courses utilize the ability for distance learning, but maintain the structure of scheduled meeting times for lecture over Live Meeting software.  The scheduled lectures allow for students to interact with the instructor as in a face-to-face lecture.  Assignments are submitted via the learning management system and the tests are proctored.
	The only science course offered in the Online delivery format during the past five years at CVTC was Preparation for Basic Chemistry.  All of the courses were taught by the same instructor, who used video lectures as a basis of presenting the material.  Students were required to complete only homework and discussions, submit written homework via mail, and complete a proctored final exam.
	When discussing the delivery formats, the amount of student involvement determines the strength of the learning environment.  In their findings, Overbaugh and Lin found that their web-based courses showed a higher sense of community than the lab-based courses.  However, the amount of time required by the instructor to interact with the students in the web-based course greatly exceeded the amount of time for the lab-based course.  A possible explanation for the increased sense of community in the web-based courses could be the learning styles of the students.  Overbaugh and Lin noted that the introverted students performed better in the web-based course and the extroverted students performed better in the lab-based course.  With a choice of two different methods of delivery, students can choose a course that is suited towards their psychological preferences.  With proper advising, students could be placed into a learning community that best fits their needs.
	An additional factor in student success is learner orientation.  Based on the Learning Orientation Model (Martinez, 1999), students can be categorized into four distinct categories: transforming, performing, conforming, and resistant.  Transforming learners are the motivated, engaged, and committed students.  Performance learners are self-motivated in learning material that interests them, but need extrinsic rewards for learning material that they deem to be less valuable or relevant.  Conforming learners are willing to learn and absorb material in a traditional lecture structure but often have challenges adapting to an open learning environment.  Resistant learners may not believe the presented material is relevant or instrumental in achieving their personal goals.  The students’ learning orientation will play a large factor in determining how the students will approach the class and align themselves in the learning community.
	The learning communities for courses offered at CVTC vary depending on the category.  Science courses are designated into two categories, life science and physical science.  All of the physical science courses are taught with individual lectures for each lab group with a maximum of 24 students.  Life science courses are taught with stacked lectures that consist of a large lecture hall component that presents the course material to students from different lab groups.  Stacked lectures contain a maximum of 72 students, with 3 corresponding lab groups of 24 students each.  Online and web conference courses for both categories have a maximum of 27 students.
	Although it is generally agreed that hands on, problem-based learning is a great tool to increase student comprehension, some detrimental aspects may arise.  Jenkins (2007) points out that laboratory experiences carry the risk of confusing some students as much as they may clarify ideas for others.  Students who may comprehend the material presented in lecture may not be able to make a clear connection to the laboratory activities.  In addition, students have the risk of failing to appreciate the need of accurate measurements, the reliability of the experiment, and the need to build upon the knowledge gained in lecture.  For some students, the laboratory work was reduced to the level of a series of trivial, repetitive and boring exercises undertaken solely or principally to satisfy assessment requirements (Jenkins, 2007).  
	In addition to student setbacks in laboratory experiences, instructors and institutions are faced with discontinuity with laboratory and lecture material, time constraints, and infrastructure limitations (Burrowes, 2008).  Many introductory science courses are taught in a lecture hall setting that causes a disconnect between the lab and the classroom.  When moving from the lecture component to the lab component, students are often placed in a different learning environment, interact with different peers, and may even be taught by another instructor or assistant in lab.  The change in the learning environment could cause confusion and difficulties with students to relate the material presented in lecture with the lab setting.  Burrowes (2008) approached this road block by creating a seamless biology curriculum (SBC), which was formed as an alternative to large lecture and traditional lab-lecture models.  The SBC created a learning environment where activities and lectures were intertwined in a laboratory setting.  Students were allowed to immediately test difficult concepts after being exposed to them in the lecture portion.  Burrowes and Nazaria saw an increased success rate in the students enrolled in the SBC courses as opposed to the other formats.
	Similar success can be found in the physics classroom with the addition of active learning curricula, such as Workshop Physics or Studio Physics.  These curricula allow the material to be presented in a format much like the SBC.  Students are exposed to a mixture of lecture, hands-on activities, and cooperative learning in place of a standard lecture only format.  Gok (2011) showed that the use of these learning environments improved higher critical thinking, peer learning, and help seeking abilities of the students.  The students involved also showed a higher self-efficacy for learning and performance. 
	Increasing science student success is not solely based on the inclusion of a laboratory component.  To promote a laboratory environment that creates a strong and beneficial connection with the material presented in lecture, the America’s Lab Report [Division of Behavior and Social Sciences (NRC), 2005] recommends that the experiences:



1. are designed with clear learning outcomes in mind;
2. are thoughtfully sequenced into the flow of classroom instruction;
3. integrate learning of science content and process; and 
4. incorporate on-going student reflection and discussion.
With proper planning and alignment, effective laboratory learning environments should create an environment that increases student success. 
	As a measure of student learning in this study, the terms student success and student completion will be utilized.  Student success describes the students that received a grade of a  “B-” or better.  This differs from a commonly used grade of a “C-” to define student success, because of regulations of the health care programs.  Depending on the field, some health students are required to achieve a letter grade of a “B-“ or better to be eligible for admittance into the program.  Student completion is defined as a student that passed the course with a minimum grade of a “D-.”  Students who audit or withdraw from the course are not included in the success or completion rates.
	This research seeks to evaluate the following hypotheses:  
1.  Students who are enrolled in lecture/lab courses will achieve higher success and completion rates than their peers enrolled in lecture only courses.
2. Students who are enrolled in lecture/lab courses will achieve higher success and completion rates than their peers enrolled in online, hybrid, and web conferencing courses.
3. Lecture/lab courses will see a higher rate of retention than online, hybrid, and web conference courses.  
Results
	The data used for this research were collected by the Institutional Planning and Research department at Chippewa Valley Technical College (CVTC).  The Institutional Planning and Research department collects the data to provide information for planning and developing programs and curriculum, as well as for academic review.  The data provided did not include any reference to student names, student identification numbers, or any other forms of recognizing individual students.  The data does provide the students’ grades (including withdrawals and audits) as well as the students’ status in the college.
	Data from a five year period was used for this research, starting with the Fall of 2009 and concluding with the Spring of 2013.  The data do not include courses that were offered during the summer sessions.  Over the five year period, a total of 12,232 students were enrolled in science courses at CVTC.  The breakdown of the enrollment by delivery format is shown in Table 1.   
	Format
	Percentage of Student Enrollment

	Lab/Lecture
	79.59%

	Hybrid
	8.99%

	Lecture
	7.28%

	Web Conferencing
	2.32%

	Online
	1.82%


Table 1:  Student enrollment by delivery format


The data show an overall student success rate of nearly 50% and a completion rate of nearly 80% (see Table 2).
	
	Number of Students
	Percentage

	Successful
(Letter Grade of B- or Better)
	5991
	48.98%

	Completion
(Letter Grade of D- or Better)
	9613
	78.59%

	Failing Grade
	1120
	9.97%

	Withdrawal
	1176
	9.61%

	Audit
	223
	1.82%


Table 2:  Success and completion rates of students in all courses from the Fall of 2009 to the Spring of 2013.
	To determine whether or not lab/lecture courses have a higher success and completion rate than other delivery formats, an initial comparison of the overall success and completion rates can be calculated.  Out of the past five years, lab/lecture courses have shown both the highest success and completion rates with 50.29% and 80.31%, respectively.  The delivery format that showed the lowest success and completion rates was online with 28.38% and 58.11%, respectively.  Table 3 shows the comparison of success, completion, failure, and withdrawal rates by delivery format.



	Format
	Success
	Completion
	Fail
	Withdrawal
	Audit

	Hybrid
	45.59%
	70.61%
	14.92%
	13.47%
	1.00%

	Lab/Lecture
	50.29%
	80.31%
	8.38%
	8.87%
	2.13%

	Lecture
	45.84%
	75.17%
	15.06%
	9.66%
	0.11%

	Online
	28.38%
	58.11%
	19.37%
	21.17%
	1.35%

	Web Conferencing
	39.79%
	67.25%
	21.83%
	10.56%
	0.35%


Table 3:  Success and completion rates by delivery format.
It is interesting to note that the success and completion rates of the hybrid and lecture formats are similar.  Although the students are not exposed to a traditional laboratory component, they are still involved in hands-on classroom activities and demonstrations that enhance their learning environment.
	If we take a closer look at the student grades from the lab/lecture and lecture only delivery formats, we can see a higher probability of success and completion in the lab/lecture format.
	Format
	Mean 
	Standard Deviation
	Standard Error

	Lecture
	2.278
	1.324
	0.047

	Lab/Lecture
	2.505
	1.162
	0.013


  Table 4:  Mean and standard deviation grade point values by delivery format (see Appendix A).
Using a standard 4.0 grade point scale (A=4, B=3, C=2, D=1, F = 0 and “+/-“ grades representing +/- 0.333, respectively), we can see the mean grade for the lecture format is a “C” as opposed to a “C+” for the Lab/Lecture.  Since the means are 4.8 standard errors apart (using the larger standard error), it is shown that students achieve higher rates of success in the lab/lecture delivery format.
	Both online and web-conferencing formats have far lower success rates of 28.38% and 39.39%, respectively.  We cannot simply dismiss the online learning formats as being inferior to the face-to-face learning environments because the only courses set up in either Online or Web Conferencing delivery formats were Preparation for Basic Chemistry and Preparation for Basic Biology.  Both are defined as “prepared learner” courses at CVTC, which means they are a remedial introductory course designed to prepare students for future science courses.  The prepared learner courses are frequently taken by students that have never been exposed to a formal science course or are returning to school as non-traditional students.  In general, the students are at-risk students that tend to have a lower success rate and a higher withdrawal rate, which is reflected in Table 3.
	The courses offered at CVTC range from remedial prepared learner courses to university transfer credit courses.  Since there is such disparity in the material presented, a simple comparison of the various formats will not be adequate in fully understanding the success and completion rates of the students.  This is especially true because the prepared learner courses are the only courses offered in the online settings and the university transfer credit courses are only offered in lab/lecture formats.  Since Preparation for Chemistry and Preparation for Biology are the two prepared learner courses that are offered, it is useful to compare the success and completion rates of students in these courses across the various formats.
	Preparation for Biology has only been offered in the web conferencing format, so it is impossible to compare the learning formats with that course.  However, Preparation for Basic Chemistry has been offered in all five delivery formats over the past five years.  Due to a change in state-wide curriculum, Preparation for Basic Chemistry was changed from a 3-hour a week lab/lecture delivery to a 2-hour a week lecture format.  Comparing the previous lab/lecture format to the current lecture format shows a slight advantage to the success of the lab/lecture (as seen in Table 5).  However, the overall completion rate of the lecture format is slightly higher than that of the lab/lecture format.
	Format
	Success
	Completion
	Fail
	Withdrawal
	Audit

	Hybrid
	22.92%
	50.52%
	32.29%
	16.15%
	1.04%

	Lab/Lecture
	44.10%
	72.05%
	14.62%
	11.79%
	1.54%

	Lecture
	42.56%
	73.66%
	15.27%
	10.88%
	0.19%

	Online
	28.38%
	58.11%
	19.37%
	21.17%
	1.35%

	Web Conferencing
	40.74%
	70.37%
	14.81%
	14.81%
	0.00%


Table 5:  Preparation for Basic Chemistry success and completion rates by delivery format.
One explanation for the higher completion rate of the lecture format may be the increased use of a student academic alert system that encourages instructors to submit names of at-risk students to advisors.  The advisors reach out to students individually and recommend resources such as time management seminars, test-anxiety clinics, tutors, etc.
	Taking a closer look at the mean grade point scores of the students (see Table 6), the values for Lab/Lecture, Lecture, and Web Conferencing are within the standard error of each other.  Since the values are all in the margin of error, no conclusion about the success rates can be determined.  However, it is shown that the aforementioned formats have a higher success rate than the hybrid and online delivery formats
	Format
	Mean 
	Standard Deviation
	Standard Error

	Hybrid
	1.44
	1.34
	0.11

	Lab/Lecture
	2.176
	1.338
	0.073

	Lecture
	2.178
	1.300
	0.060

	Online
	1.90
	1.38
	0.11

	Web Conferencing
	2.25
	1.38
	0.17


Table 6:  Mean and standard deviation of the grade point values for Preparation for Basic Chemistry by delivery format (see Appendix B)
	Retention also varies significantly over the delivery formats.  With the online and hybrid formats, student withdrawals are at 21.17% and 16.15%, respectively.  Since many of the students that are enrolled in Preparation for Basic Chemistry are 1st year or returning non-traditional students, it is probable that most of the students have not had a previous online course.  Combining that assumption with high frequency of at-risk students enrolled, higher withdrawal rates are to be expected.  In addition, first time hybrid students often see the course as an option of completing the course with only half of the required in-lecture time, drastically underestimating the amount of independent learning that is required.  Web conferencing shows a slightly lower withdrawal rate.  Web conferencing has a structured time frame for the class and allows the students to interact with their instructor in real time.  The format gives the students the structure of a traditional face to face course, but with the flexibility of an online format.  This allows the instructor to keep a running attendance on the students.  Although attendance cannot be factored into grading at CVTC, students can be referred to an academic alert system set up by counselors that intervenes with students that are struggling with the material or frequently miss class.  
	The retention of the lab/lecture format is slightly less than the retention rate of lecture only.  However, when you factor in the rate of failing grades, the students may have been better informed to withdraw from the course instead of receiving a failing grade.  The lab/lecture format shows a 0.91% higher withdrawal rate, but a 0.65% lower failing grade rate and a 1.35% higher audit rate.  Since these numbers differ so little, there is no correlation that the lab/lecture course has a higher retention rate than the lecture courses for the Preparation for Basic Chemistry course.  Comparing the online formats (hybrid, online, and web conferencing) to the traditional face to face formats (lab/lecture and lecture), the online formats show both a higher withdrawal and failing rate than the face to face formats.
	Of the university transfer credit courses, there are two courses that have had both lab/lecture and lab only formats offered in the past 5 years: Principles of General Chemistry I and Advanced Anatomy and Physiology.  Principles of Chemistry I is a university transfer course that is part of the liberal arts transfer program at CVTC.  Advanced Anatomy and Physiology is a secondary course in anatomy and physiology for the paramedic associates degree and diagnostic medical sonography programs.  Both courses are offered to students that have previous scientific knowledge in the area.
	Similar to the Preparation for Basic Chemistry course, Principles of General Chemistry I underwent a curriculum change that caused the course to change delivery formats.  Principles of General Chemistry I changed from a lecture only to a lab/lecture format with a 4-hour weekly lab component.  Initial investigation shows that the success and completion rates are higher in the lecture only format as opposed to the lab/lecture (Table 7).

	Format
	Success
	Completion
	Fail
	Withdrawal
	Audit

	Lab/Lecture
	38.64%
	67.80%
	12.50%
	16.29%
	3.41%

	Lecture
	48.60%
	68.22%
	18.69%
	13.08%
	0.00%


Table 7:  Success and completion rates of Principles of General Chemistry I by delivery format.	
A few factors may be able to explain the increased success and completion in the lecture format as opposed to the lab/lecture format.  During the curriculum change for Principles of General Chemistry I, a new instructor took over the course.  The success and completion rate of the courses based on the instructor cannot be factored in because neither instructor taught both delivery formats.  With the scope of this research, it is not possible to determine whether or not the instructor had an effect on the student success and completion, but it has to be factored in as a possible cause for results that conflict with the overall trend of lab/lecture courses having a higher success rate than lecture delivery formats.
	Taking a look at the mean grade point scores for the students in both delivery formats shows that values are within 2 standard errors (1.3σ) and therefore are not significantly different.  It is seen in this data that the mode for the Lab/Lecture was a grade point of 3 as opposed to the Lecture value of 4 (see Appendix C), which may give us some insight into the “easiness” of the instructor’s grading scale.
	Format
	Mean 
	Standard Deviation
	Standard Error

	Lecture
	2.38
	1.46
	0.15

	Lab/Lecture
	2.190
	1.278
	0.088


Table 8:  Mean and standard deviation grade point values for Principles of General Chemistry I by delivery format (see Appendix C)

	Retention in the Principles for General Chemistry course is similar to the Preparation for Basic Chemistry in that the lab/lecture format has a higher withdrawal rate but a lower failing rate than that of the lecture only format.  In the lab/lecture format, the withdrawal rate is 3.21% higher than that of the lecture format, but it also has a failing rate that is 6.19% lower.  When lab/lecture audit rate of 3.41% is factored in, the sum of failing grades, withdrawals, and audits are similar for both deliveries.  The audits are factored in because they serve a different purpose at CVTC than in typical university settings.  Audits are almost exclusively used as an option to withdraw. The students opt to continue attending the course to prepare themselves for the future re-take of the course. Since there is no noticeable distinction between the failing grades of the students who attended every class and still failed the course and the students that stopped attending the class without withdrawing, the retention of both deliveries could be looked at as being similar.
	The final course that can be compared is Advanced Anatomy and Physiology.  Advanced Anatomy and Physiology is currently offered in the hybrid and lab/lecture format.  In the past 5 years, the course was offered once as the former lecture only format.  In the breakdown of data, it necessary to remember that the lecture only format is taken from only 1 section, whereas the lab/lecture and hybrid data are from 72 and 7 courses, respectively.  Although, the data is interesting to evaluate, the lack of data from the lecture only format makes it difficult to draw any conclusions about that format


	Format
	Success
	Completion
	Fail
	Withdrawal
	Audit

	Hybrid
	57.14%
	86.34%
	6.21%
	6.83%
	0.62%

	Lab/Lecture
	47.81%
	84.11%
	5.19%
	7.70%
	2.94%

	Lecture
	42.86%
	85.71%
	4.76%
	9.52%
	0.00%


Table 9:  Success and completion rates of Advanced A&P by delivery format.	
The lab/lecture format shows a higher success rate than the lecture, but a comparable completion rate.  The interesting fact is that the hybrid format has a much higher success rate than that of the lab/lecture and lecture formats.  Compared to the previous Preparation for Basic Chemistry, the hybrid success rate is 34.22% higher.  Although, it is comparing two different disciplines with numerous different instructors, the success rate is substantially greater with students that have taken a prior science course.  It is feasible to assume that the students probably had a higher level of competency with online courses and the online management system.  
	Looking at the mean grade point average values from the various delivery formats show that the lab/lecture format higher success rate is higher than the lecture only format, but is lower than the hybrid format.  The difference between lecture and lab/lecture (0.63σ), lecture and hybrid (1.3σ), and lab/lecture and hybrid (1.5σ) are within two standard errors and therefore are not significant.  Also important to note is that the hybrid format was only offered one semester with an instructor who normally teaches the other formats, as opposed to lecture and lab/lecture with numerous instructors and offerings.


	Format
	Mean 
	Standard Deviation
	Standard Error

	Lecture
	2.39
	0.83
	0.19

	Lab/Lecture
	2.510
	1.029
	0.027

	Hybrid
	2.640
	1.060
	0.087


Table 10:  Mean and standard deviation grade point values for Advanced Anatomy and Physiology by delivery format (see Appendix D)

Conclusion
	The overall picture shows students enrolled in the lab/lecture delivery format achieve higher success and completion rates than their counterparts enrolled in lecture only delivery format, according to Tables 2 and 4.  However, the individual example of the success and completion rates of the Principles of General Chemistry I course shows that more factors are necessary to investigate than just the delivery format.  Differences in teaching styles, changes in state-wide curriculum, and time constraints are a few additional variables that have affected the outcomes of these courses.  In addition, the immeasurable constraints (labs not properly connected with material, disconnect between lab and classroom, limited time/equipment, etc.) presented by Jenkins (2007) and Burrowes (2008) leave plenty of room to argue the magnitude to which the laboratory component might improve student success.
	In the limited amount of courses that were offered in hybrid, online, and web conferencing formats, the overall success and completion rates are shown to be lower than that of the lab/lecture delivery format.  However, not all the individual courses reflect this result.  With the example of the Advanced Anatomy and Physiology, it was shown that the success and completion rate was far higher in the hybrid course than in the lab/lecture delivery format.  The opposite was shown in the Preparation for Basic Chemistry course.  A simple hypothesis to explain this phenomenon is that the students that are enrolled in the Advanced Anatomy & Physiology course are continuing students familiar with the online learning management system as opposed to the students in the Preparation for Basic Chemistry course who are not adapted to the learning management system and possibly have never experienced an online learning environment.  Comparing this hypothesis to the suggestion by Overbaugh and Lin (2006) that a portion of student success is reliant on the students’ sense of community, students that are comfortable with the online learning management system are possibly more apt to start building the learning community earlier and with much more success.
	As for retention, lab/lecture courses also showed lower withdrawal rates than online, hybrid, and web conference courses.  The rates for retention may also be higher than the actual withdrawal rates reflect, because there is no distinction between students who complete the course with a failing grade and the students who stop attending the course.  Although there is no direct way to gauge that student retention is a result of their learning community, interaction with the instructor, or some other factor, it is clear from this data that there is a correlation between students enrolled in lab/lecture courses experiencing a higher retention rate.
	Although this research gives a preliminary glimpse into the impact of lab/lecture delivery formats as opposed to the lecture only delivery format, further research could isolate individual variables that promote student success.  Being able to compare the same instructor presented over various delivery formats for the same course would focus student success on the actual delivery and not be concerned with material or other outside variables.
	Hopefully this research will aid in the development and organizational structure of science courses at CVTC, especially with the prepared learner courses.  As seen in the data, prepared learner students are shown to have lower completion and success rates in online formats.  In addition, a lab component showed higher success as well.  For the scope of the research, it can be concluded that the majority of prepared learner students would benefit from face-to-face, lab-based delivery formats.
	Recent changes at CVTC have moved the majority of the prepared learner courses from the General Education department to the Academic Services department.  The future of the science based prepared learner courses are still undecided due to the issues of available laboratory space and safety.  With this research, a reasonable argument can be constructed for the science department to retain the prepared learner courses with structural changes made to the delivery formats offered.








Appendix A:  
Data for Table 4 (Mean and standard deviation grade point values by delivery format)

	
	Lab/Lecture
	Lecture

	
	
	

	Mean
	2.505
	2.278

	Standard Error
	0.012
	0.046

	Median
	2.667
	2.667

	Mode
	3
	0

	Standard Deviation
	1.162
	1.323

	Sample Variance
	1.350
	1.752

	Kurtosis
	-0.217
	-0.905

	Skewness
	-0.705
	-0.478

	Range
	4
	4

	Minimum
	0
	0

	Maximum
	4
	4

	Count
	8630
	803





.





Appendix B
Data for Table 6 (Mean and standard deviation of the grade point values for Preparation for Basic Chemistry by delivery format)

	
	Online
	Hybrid
	Lab/Lecture
	
Lecture
	Web Conference

	
	
	
	
	
	

	Mean
	1.90
	1.44
	2.176
	2.178
	2.25

	Standard Error
	0.11
	0.11
	0.073
	0.060
	0.17

	Median
	2
	1.67
	2.333
	2.333
	2.33

	Mode
	0
	0
	0
	0
	0

	Standard Deviation
	1.38
	1.34
	1.338
	1.300
	1.38

	Sample Variance
	1.91
	1.80
	1.791
	1.691
	1.89

	Kurtosis
	-1.24
	-1.40
	-1.099
	-0.955
	-1.09

	Skewness
	-0.10
	0.22
	-0.355
	-0.406
	-0.43

	Range
	4
	4
	4
	4
	4

	Minimum
	0
	0
	0
	0
	0

	Maximum
	4
	4
	4
	4
	4

	Count
	172
	158
	338
	466
	69












Appendix C
Data for Table 8 (Mean and standard deviation grade point values for Principles of General Chemistry I by delivery format)

	
	Lab/Lecture
	Lecture

	
	
	

	Mean
	2.190
	2.38

	Standard Error
	0.088
	0.15

	Median
	2.333
	2.67

	Mode
	3
	4

	Standard Deviation
	1.278
	1.46

	Sample Variance
	1.635
	2.14

	Kurtosis
	-0.936
	-1.02

	Skewness
	-0.407
	-0.59

	Range
	4
	4

	Minimum
	0
	0

	Maximum
	4
	4

	Count
	212
	93











Appendix D
Data for Table 10 (Mean and standard deviation grade point values for Advanced Anatomy and Physiology by delivery format)

	
	Hybrid
	Lab/Lecture
	Lecture

	
	
	
	

	Mean
	2.640
	2.510
	2.39

	Standard Error
	0.087
	0.027
	0.19

	Median
	3
	2.667
	2.33

	Mode
	3
	2
	3

	Standard Deviation
	1.060
	1.029
	0.83

	Sample Variance
	1.124
	1.059
	0.68

	Kurtosis
	0.472
	0.104
	-0.60

	Skewness
	-0.883
	-0.591
	-0.20

	Range
	4
	4
	3

	Minimum
	0
	0
	1

	Maximum
	4
	4
	4

	Count
	149
	1427
	19
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