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Abstract  
Introductory chemistry CHE 100 course has been in high demand as it serves as a laboratory science 
elective for non-science majors as well as a required course for health science majors. To satisfy the 
high demand for our CHE 100 class, offerings via blended format was introduced in Spring Semester of 
2017 to attract students who need more learning time outside the classroom and time constraints in 
their work schedule/long travel to campus. This format also works better in Spring/winter semesters 
when there are unanticipated school closings due to inclement weather. The CHE100 as a hybrid course 
design involves the lecture component that is being delivered fully online with an added one-hour 
recitation face to face every week which is allocated for problem solving and concept instructional time. 
Every recitation class is followed by face to face hands-on labs that are conceptually tied to the lecture 
material. Online lecture slides with concept video lecture links and blackboard collaborations, provide 
flexible learning time to the students, to practice problems on their own. Furthermore, this course 
strengthens students’ team communications and collaborations via discussion boards and helping each 
other via cyberspace. In our presentation we will be comparing the student performance, attitudes and 
accomplishing the course learning outcomes with a traditional format CHE 100 class which has both 
lectures and laboratories taught Face to Face. Assessments involve administering identical in class tests 
and cumulative finals exam, online homework, and lab grades. Preliminary results assessed in class 
exams analysis suggest that the use of hybrid methods of course delivery -- incorporating elements of 
both the traditional classroom style recitations and web-based instruction may provide an optimal blend 
for student learning and show better student performance. This suggests that students enrolled in hybrid 
courses perceived the combination of flipped classroom and Internet course delivery modes to be 
superior to classroom-alone modes. Student demographics (age and prior educational degree) was also 
correlated to student success. Detailed results of student outcomes, course evaluations are performed 
via a newly designed online survey Student Assessment of their Learning Gains (SALG) assessment 
will be presented.  

Keywords: Flipped Classroom, Introductory chemistry, lab science course, Hybrid, Blended, new 
Pedagogy, E-Learning. 

1 INTRODUCTION  
Most chemistry educators would agree that hands on laboratory is essential not only to develop lab 
techniques but aids in learning chemistry concepts with visualization. However, teaching lecture 
component utilizing technological advances has significantly evolved from the traditional face to face 
(F2F) lectures of three hours per week. Pedagogy incorporating computers to teach the lectures was 
originally introduced as early as 1991 by Mazur et. al [1]. This was followed a decade later by creation 
of “inverted classroom” in chemistry by Lage, Platt, and Treglia [2] and popularized as “Flipped 
Classroom” in chemistry by Bergmann and Sams [3] to accommodate students who missed their classes 
and by Sal Khan of Khan Academy [4] created the to reach more students of different learning styles. 
The “flipped classroom” is an instructional model in which lecture material typically covered during class 
typically is instead delivered online to the students—through the use of web-based courseware/Learning 
management systems (LMS). Flipped classroom primarily involves use of multi- media (tapes, YouTube 
videos and PowerPoint lectures with recorded sound) to be viewed outside of class in a media lab or at 
home and the reduced F2F time is utilized for active learning and problem solving. 

After teaching several years of Introductory chemistry CHE 100 for non-Chemistry majors using the 
traditional F2F lecture and lab, we faced high student attrition rates and poor overall performance. 
However, demand of adding many sections CHE 100 was increasing due to this course being required 
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for several medical related certificate courses. Hence, we decided to experiment with reduced F2F 
lecture delivery augmented by online concept videos and online course materials delivered via 
Blackboard Learning Management Systems (LMS). Main rationale behind the creation of hybrid CHE 
100 class, is this class tends to fill within a few days of general registration period. More CHE 100 class 
offerings via blended format will attract students who need more learning time outside the classroom, 
and due to time constraints in their work schedule/long travel times can only come once a week to 
campus. This format also works better in Spring semesters when we have unanticipated school snow 
closings due to inclement weather. We adopted CHE 100 as a hybrid course because many studies at 
four-year institutions have shown that blended or hybrid courses have better or similar student learning 
outcomes and have led to a greater student satisfaction than either solely face-to-face or solely online 
classes. [5-7] Biggest impetus for implementation came from perusing the results from several other 
physical science and Biology hybrid courses at my own institution. An extensive assessment studies 
conducted in hybrid Astronomy and biology courses revealed that the student learning outcomes on 
most STEM courses are comparable for both modalities. Additionally, some of the hybrid courses at our 
institution have shown that blended or hybrid courses have better or similar student learning outcomes 
and have led to a greater student satisfaction than either solely face-to-face or solely online classes. 
Henceforth, we created two sections of Introductory chemistry class (CHE 100) as online hybrid or 
blended modality class out of twenty-five sections traditional CHE 100 classes. The class size for a 
section of the traditional lecture ( three hours/week) and F2Fhands on lab ( 3 hour lab once a week) 
was capped at 24 students while the hybrid CHE 100 class with recitation one hour per week and 
F2Fhands on lab ( 3 hour lab once a week) was capped at 18 students. Both the modalities of CHE 100 
were taught by the same instructor and utilized identical lecture exams and lab assessments. 

2 METHODOLOGY 
The hybrid pedagogical approach is being developed and implemented at a fairly large public institution 
(about 27,000 full time and part time students combined) public two-year community college in the State 
University of New York system. In this study we present a detailed comparison teaching modality, 
assessments of traditional CHE 100 section versus CHE 100 hybrid (Blended) section and overall 
student learning outcomes. The data presented here has been compiled based on results for over for 
over four semesters starting from Spring Semester 2017 to Fall Semester 2018. Most of the data 
presented is compares classes taught by the same instructor for lecture and lab components. The 
average class size for the traditional CHE 100 class was 20 students (after attrition) and 15 students in 
hybrid class. In the first two semesters both the CHE 100 format classes used identical textbook 
Foundations of Chemistry by Hein and Arena [8] with Wiley Plus online homework management systems 
synchronized with Blackboard LMS. In the third semester for the hybrid class we adopted Pearson’s text 
book, Introductory chemistry by N. Tro [9] for the hybrid only class owing to extensive availability of 
concept and problem-solving lecture videos with the e-book. Furthermore, the online homework platform 
Pearson’s mastering was easy to use for both instructors and students, and seamless synchronization 
with the Blackboard LMS. Currently both the sections use same Tro textbook. 

As opposed to the traditional CHE 100, hybrid class includes the lecture component delivered online, 
with 15 additional F2F50 minutes recitation and 3-hour lab meeting per week. Exams were conducted 
in person utilizing the recitation time slot and additional break time between lab and lecture periods. 
Online lecture slides with video links and blackboard collaborate provides flexible learning time to the 
students, as there are lots of problem solving that the students have to practice on their own. 
Additionally, fourteen mandatory meeting sessions of 50 minutes each per week will be dedicated to 
highlighting of important concepts with brief lectures, discussion of the problems encountered within the 
assignments, and testing. 

The laboratory component of 3 hours of Laboratory hands on will follow exactly same sequence of labs 
as the traditional CHE 100 class held on my campus. Previous studies on course similar to CHE 100 
revealed that topics intensive in math were equally poor in both modalities. Additionally, students’ 
success rate (scored ≥ 60 %) was independent of the modality by which the material was presented. 
When traditional students performed well, hybrid students performed well- Statistically similar. The 
hybrid students performed poorly in concepts involving molecular modeling and chemical bonding 
topics, this was addressed by another faculty at Suffolk who added video lectures and blackboard 
collaborate sessions to go over these topics with his hybrid class in Spring 2016. A detailed comparison 
of various components of the two format is represented in Table 1.  
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Table 1. Comparison of delivery and assessments of Introductory Chemistry course  
CHE 100 course as traditional and hybrid format. 

Component Traditional  Hybrid 

Lecture F2F lecture for 1:15-1:30 hours Twice a 
week (SYNCHRONOUS) 

Online lecture delivered as 
PowerPoint slides and concept 
Videos. (ASYNCHRONOUS)  

Recitation/Problem Solving 
Session 

None Recitation with Mini concept lecture 
and problem solving F2F for 1 
hour/week (Flipped Classroom) 

Laboratory  Synchronous on Campus Lab Once a 
week for 3 hours 

Synchronous on Campus Lab Once a 
week for 3 hours 

Textbook and study aids Identical Textbook and study aids. 
Wiley’s text three for three semesters 

Pearson’s text one semester 

Textbook and study aids. Wiley’s text 
for two semesters 

Pearson’s text for two semesters 

Online Homework  Wileyplus Portal and Pearson’s 
Mastering 

Wileyplus Portal and Pearson’s 
Mastering 

Course/Learning 
Management system (LMS) 

Blackboard with enhanced e-book Blackboard with enhanced e-book 

Lecture Assessment In class Proctored exam and a 
comprehensive departmental final exam- 
with exam reviews 

In class Proctored exam and a 
comprehensive departmental final 
exam- with exam reviews 

Lab Assessment Identical Laboratory experiments and 
grading rubric 

Identical Laboratory experiments and 
grading rubric 

Participation Grade 1% attendance and in class participation 1 % Discussion Board participation 

3 RESULTS 
The Introductory Chemistry CHE 100 course involved topics that are prescribed and well established by 
several higher educational institutions in USA and globally. One semester of college CHE 100 is 
equivalent to one-year high school chemistry course with laboratory component. This course is often 
referred as Preparatory Chemistry class by American Chemical Society (ACS) [10]. The topics include 
both quantitative and qualitative chemistry with laboratory component, which is listed in ACS curriculum 
guidelines [10]. 

The assessment for the CHE 100 course both modalities comprised of the following grading practices: 

- 4 In class exams identical exams (52%)  
- Quiz (2%)  
- Homework online (5%)  
- Class /Online participation (1%) 
- Final Exam 15% 
- Lab reports 25% 

Details of analysis is presented in the next few sections. 

3.1 Assessments from Exam and Laboratory Grade Averages  
The assessment of quantitative and concept comprehension in course learning outcomes in exams that 
tested their math proficiency indirectly. The representative results from two semesters are shown in 
figure 1 and figure 2  
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Figure 1. Averages from Different Course Components Traditional (n=21), Hybrid (n =8) Summer 

Traditional (n=20) in Spring and Summer 2017 semester. The percentage of math problems 
 in each exam is shown as % in green numbers. 

It is evident from Figure 1 that preliminary comparison of student groups from various teaching and 
learning modalities/environments reveals that tradiational students performed slightly better in lab 
average scores than Hybrid class students. Upon further demographic analysis (not graphed in the work) 
showed hybrid class comprised of were older students with average age ≥ 23 compared to traditional 
class ≤ 22. It was also observed that majority of hybrid students had previous undergraduate/other 
college degree and were finishing up chemistry requirement to change majors into health science 
careers. Hybrid students performed better in algebra-based topics compared to chemical bonding 
topics. Summer 5-week ttraditional class is highly motivated and performed better in Tests and Labs. 
Statistically, summer 5-week class students from other institutions and students who are repeating CHE 
100 class for better grade. 

 
Figure 2. Averages from Different Course Components Traditional (n=16), Hybrid (n =13)  

Lecture only Traditional (n=15) in Fall 2017 semester 
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Fig. 2 represents data from the second semester Fall 2017 which shows reversal of performance from 
the first semester, wherein traditional teaching modality with lecture and lab taught by the same 
instructor showed students with significantly better performance. However, hybrid students performed 
better in algebra-based topics compared to chemical bonding topics which is similar to past Spring 2017 
semester. Once section taught by the same instructor involved teaching only F2F lecture component 
and lab taught by another instructor, indicated in grey bars in fig. 2. Lecture and lab with different 
instructors did show poor performance overall. It was observed that 66% of students in traditional class 
had letter grade C or better which is transferable to other 4-year institution as a science elective. The 
performance of hybrid class was significantly better in the same semester with 78% obtaining C or higher 
grade and 81% in summer traditional 5-week class. 

3.2 Chemistry Topic Based Assessments 
The various topics in Introductory chemistry spans from dimensional analysis, properties of matter, 
atomic structure, chemical bonding, nomenclature, chemical reactions, stoichiometry in both solids and 
aqueous media, gas laws, solutions, inter molecular forces and acids and bases. Overall the course 
represents topics with 55% math contents. The performance comparison of the two CHE 100 modalities 
from final exam of Spring 2017 that had 40% questions with math or algebra-based calculations is 
compared in fig. 3. 

 
Figure 3. Analysis of 40% Math based Final exam Questions- Spring 2017 Traditional (n=21), Hybrid (n =8) 

In fig. 3, it was observed from the analysis of math-based Question on the final Exam, both cohorts met 
math learning outcome > 60% correct overall. Further examination the details of the data reveals that 
both cohorts did well on derived units manipulation, temperature conversion, density, dilution and pH 
calculation. However, only hybrid class met the math requirement of 60% or better correctness in the % 
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mass calculation, and stoichiometry. That semester both cohorts failed to meet 60% or better 
correctness in 2-step dimensional conversion and Molarity calculation, Specific heat calculation, solution 
stoichiometry. Overall results from the recent semesters (Spring 2018 and Fall 2018) shows an upward 
trend of superior performance in all topics of the course by hybrid students. We attribute that the fact 
that after a few semesters implementing, this hybrid course now is well established, and a more online 
compatible Pearson’s text has been adopted. 

4 CONCLUSIONS 
The work provided in this proceedings article is a small glimpse of my Introductory chemistry CHE 100 
course structure and assessments. A more detailed analysis involving student demographics, such as 
gender, age, prior math performance, level of math course completed, and prior bachelor’s degree, is 
being taken into consideration for future quantitative analysis of this work. Additionally, results 
representing student attitudes and feedback is also being analysed to evaluate the over success of the 
hybrid modality. Nonetheless, the present work clearly indicates students in hybrid cohort performed 
better on sections that involved more math-stoichiometry, chemical reactions, and math questions 
based on lab techniques in the final exam. We primarily attribute this finding to, inclusion of recitation to 
implement problem-solving oriented lectures. This design most certainly provides more practice to 
hybrid class students to perform well in math-based questions in assessments. Both traditional and 
hybrid class performed well in atomic structure, bonding and balancing chemical equations which is 
attributed to incorporating several Lab exercises to reinforce these concepts. The findings from this 
course will certainly help in restructuring both modalities of the course and include more problem-solving 
session to enable better student success. 
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