
 

 

ABSTRACT 
 
CALDERARA, SONJA JEAN. Activating Learning and Motivation in Undergraduate General 
Chemistry by Flipping the Classroom: A Mixed Methods Study. (Under the direction of Dr. Eric 
N. Wiebe). 
 
 The American economy is in need of a substantial increase in new STEM professionals if 

we are to continue to lead the world in science and technology. Students must be encouraged to 

both enter these degree programs and be empowered to complete the STEM programs they start. 

Because undergraduate general chemistry is a cornerstone class, required of almost all STEM 

majors, the importance of improving both the content understanding and the motivation to learn 

chemistry in order to enhance the retention of STEM students cannot be overstated.  

This mixed methods study explored both a traditionally-taught general chemistry class of 

150+ students and a similar class utilizing the flipped pedagogical approach. The study first 

examined the differences in the organization of the instructional time and curriculum of the 

flipped class and how the use of technology was utilized to facilitate these changes. Then the 

study examined how the reallocation of time and redistribution of curriculum affected student 

engagement, motivation and content acquisition. Interviews of both of students and the 

professors, as well as observations of the lecture and recitation classes, were the qualitative tools 

used. Final course grades, final exam grades and a subset of questions on the final exam that 

were congruent to both classes, as well as the Chemistry Motivation Questionnaire II, were the 

quantitative measures integrated with the descriptive data.  

Students in the flipped methods class experienced more social, emotional, behavioral and 

cognitive engagement than in the traditionally-taught general chemistry class. There was a 

significant difference in motivation as expressed in the self-determination category of the 

Chemistry Questionnaire II, students reported that the flipped pedagogy and curriculum had a 



 

 

positive impact on their learning and retaining of  the chemistry content however, this was not 

born out in the course grade, final grade and final subset grade data. The changes in curriculum, 

pedagogy and the orchestration of the class referred to as flipped did not require an increased 

budget, more teaching assistants or specialized classroom facilities. It did, however, improve the 

engagement and motivation of students in that section. 
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CHAPTER 1: INTRODUCTION 
 
Undergraduate science education is vitally important in today’s world economy. The United 

States needs approximately one million more STEM professionals, more than the current rate, if 

the country is to retain its historic preeminence in science and technology, this according to 

President Obama’s Council of Advisors on Science and Technology (PCAST, 2012). Part of this 

challenge is the retention rate among prospective STEM majors. Only 40% of U.S. students who 

enter the university with an interest in STEM finish, and the completion rate of minorities in 

STEM fields is even lower at 20% (Freeman et al., 2014). According to PCAST, currently the 

United States graduates approximately 300,000 bachelor and associate degrees in STEM fields. 

To reach the target goal, degrees in STEM fields would need to increase by 34% annually over 

the current graduation rates (2012). 

 In the push for more STEM graduates, the importance of general chemistry cannot be 

overstated. Chemistry is considered a “central science” because of its requirement in most STEM 

degree programs. Biology, geology, even astronomy and physics, as well as some engineering 

majors expect an introductory understanding of chemistry and its principles. It is also a mandate 

to all health care majors (Ferrell & Barbera, 2015). Having a firm understanding of general 

chemistry concepts is seen as essential for mastering subsequent sciences (Tai, Sadler, & Loehr, 

2005). Chemistry is the beginning of understanding of any discipline that deals with materials. 

Understanding the structure of these materials, the interactions between materials, changes that 

occur under different conditions and the endurance and stability of these materials all starts with 

an understanding of chemistry. Whether these materials involve hemoglobin, components for 

technology, fuel systems, art supplies, rocks and minerals or even trash bags, it all starts with 

understanding chemistry. Thus, chemistry is a key gateway course for students (Oliver-Hoyo & 
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Allen, 2005). 

 Traditionally, the model of college-level instruction in chemistry, as well as the other 

natural sciences, is organized around the lecture hall (Black & Deci, 2000). Classes are large, 

often times over 200 students per class, with a professor at the front, lecturing, and few 

opportunities for discussion or student questions. Students are expected to take notes and do the 

assigned reading and homework on the content after the lecture (Mangan, 2013). These methods 

go back 900 years to the beginning of Western Universities and have, surprisingly, not evolved 

much (Freeman et al., 2014). Large lecture classes do not typically utilize reformed teaching 

methods (Tobin & Tippins, 1993). For example, a study done at the University of Maryland 

found that the most frequently used teaching strategies of their STEM professors was lecture and 

answering questions from individual students in class. Class discussions and multimedia 

presentations were only occasionally utilized while group work during class was reportedly 

rarely used (Marbach-Ad, Ziemer, Orgler, & Thompson, 2014). 

 So why change the way chemistry is taught? With such a long history behind it, why are 

reformed teaching methods needed? First, there has been a shift in the way general chemistry is 

situated within STEM degree pathways. Chemistry has evolved from a discipline specific course 

to a service course required by multiple majors (Oliver-Hoyo & Allen, 2005). Students who 

carry majors outside of the chemistry field tend to exhibit less self-efficacy in chemistry and thus 

are not highly motivated in chemistry specifically (Uzuntiryaki & Çapa Aydın, 2009). With 

chemistry not their primary degree focus, coupled with less than engaging teaching strategies, 

lecture-exclusive methods fail to sustain student interest in science and this tends to exacerbate 

student attendance and motivation problems (Oliver-Hoyo & Allen, 2005). However, sustaining 

motivation and engagement are crucial for knowledge retention. Finally, for generations there 
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has been an unspoken assumption that students will sink or swim according to their innate ability 

and motivation. For this reason, there has been little motivation on the part of instructors to make 

the course more engaging and motivating. The consequence of this approach is a “Darwinian 

weeding out” of students not naturally inclined and/or well prepared to learn chemistry (Black & 

Deci, 2000). Motivational challenges coupled with the traditional “Darwinian” approach to 

undergraduate chemistry instruction leads to a high failure rate. Students in classes where a 

passive modality for learning is employed, primarily lecture, were 1.5 times more likely to fail 

than were students in classes utilizing more student-centric strategies (Freeman et al., 2014).  

 If the goal is to increase retention, teachers need to do more to engage student attention 

than just the lecture (Wilson & Korn, 2007). One way to enhance student engagement in 

undergraduate classes is to use more student-centric strategies such as “flipping the classroom.” 

The nature of the flipped strategy allows a more interactive experience, which can translate into 

better student-teacher rapport (Barkley, 2015). Students working in pairs or groups experience a 

less stressful, and more engaging avenue for learning new material. They can explain the 

concepts to each other and support each other in the learning process (Ryan & Deci, 2000). 

These results hold across the STEM disciplines. Engaged, more active, student learning, such as 

the flipped strategy, improve student satisfaction due to increased opportunities for developing 

communication skills, preferences for working with others and increased teacher encouragement 

as compared to traditional models (O'Flaherty & Phillips, 2015). Also, a more student centric 

environment leads to better student retention of core content, better student attitudes and 

motivating students to study more (Prince, 2004). O'Flaherty & Phillips (2015) also found that 

the flipped approach showed increased academic performance, increased attendance and 

increased student satisfaction over the traditional lecture class. In a meta-analysis of 225 studies, 
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Freeman and colleagues (2014) reported that data on examination scores and failure rates, when 

comparing student performance in undergraduate science, technology, engineering, and 

mathematics (STEM) courses under traditional versus student-centric instructional approaches 

and, found that average examination scores improved by about 6% in student-centric sections, 

and that students in classes with traditional lecturing were 1.5 time more likely to fail than were 

students in classes with student centric (2014). Similarly, Presti (2016) reported that exam scores 

were higher in flipped nursing classes as well. Some of the most compelling evidence comes 

from the Physics SCALE UP programs, another student-centric strategy that has many of the 

same characteristics as flipped approach. After six years of collecting data, from multiple 

universities using the SCALE UP program in physics, the following results were reported: 

conceptual understanding was increased; the top third of the class showed the greatest 

improvements in conceptual understanding; students’ ability to solve problems was as good or 

better; attitudes had improved; class attendance was higher, typically >90%; and failure rates had 

drastically reduced, especially for minorities and women (Beichner et al., 2007). 

 In undergraduate chemistry, both in first level general and second level organic classes, 

the flipped paradigm has been utilized with marked success with regards to student content 

understanding and motivation. The flipped paradigm is a student-centric instructional strategy 

that places basic content acquisition outside of the classroom to give room for higher-level 

problem- solving activities between professor and student during class time. In a study 

encompassing Organic Chemistry I and Organic Chemistry II, higher exam grades in the flipped 

format over an active lecture format suggested that students have learned more in the flipped 

course (Flynn, 2015). In another study, this done with general chemistry classes over several 

years, in a Semi-Self-Paced Flipped Learning Format, the learning outcomes for flipped learning 
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treatment groups was better than for the traditional classes (Hibbard, Sung, & Wells, 2015). In 

An introductory chemistry classroom at NC State University using the SCALE-UP approach, the 

bottom 25% of the student population in the class outperformed the equivalent population in the 

conventional lecture in the last 3 out of 4 exams during the classes studied. The conventional 

class obtained a higher mean in the first exam, but this difference was reduced on Exam 3 and 

completely reversed for Exams 2 and 4 where data from these students showed higher means 

than the conventional section (Oliver-Hoyo, Allen, Hunt, Hutson, & Pitts, 2004). Quantitative 

results of student opinions from departmental evaluation surveys were comparable for both 

classes. “However, the feedback received by instructors in SCALE-UP was numerous, positive, 

and inspiring” (Oliver-Hoyo & Allen, 2005).  

 The flipped paradigm has been used successfully in other undergraduate sciences and is 

not unique to chemistry (Beichner, Saul, Allain, Deardorff, & Abbott, 2000; Bristol, 2014). 

However, while there have been studies that do show improvements in educational markers, such 

as academic performance and attendance, the question remains as to how the flipped approach 

address the challenges of engagement, relatedness and student competency, especially in 

chemistry. Flipped chemistry classes encourage students to help each other, establishing 

connections and relatedness, and challenges students to take a deeper sense of responsibility for 

their competency of the content (Black & Deci, 2000; Oliver-Hoyo, et al., 2004). “Positive 

changes were markedly obtained in student attitudes toward learning in 77.1% of the student 

population in the SCALE-UP. These changes are above the baseline of lecture section responses” 

(Oliver-Hoyo & Allen, 2005, p. 949). It is believed that these outcomes are the result of students 

being more engaged and interested with the subject when they utilize the outside reading and 

video lectures. Using technology to enhance the out of class instruction allows for more student 
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centric learning within the class (Bishop & Verieger, 2013). Classes that depend on passively 

transferring content from the professor to the student through lecture, do the students a disservice 

by not taking better advantage of the time they do spend with them (Barkley, 2015; Berrett, 

2012; Oliver-Hoyo, Allen, Hunt, Hutson, & Pitts, 2004). Collaborative learning, a benefit of the 

flipped classroom structure, has been shown to increase students’ academic achievement (Prince, 

2004). Active collaboration can be further enhanced in class by using technology (Blasco-Arcas, 

Buil, Hernández-Ortega, & Sese, 2013). With a more student centric approach, professors can 

shift to providing support for autonomous self-regulation, which, in turn, can enhance perceived 

competence and interest/enjoyment and decreased anxiety in students (Black & Deci, 2000).  

Theoretical Frameworks 

 Self Determination Theory. Self Determination Theory (SDT) has the potential to help 

understand the mechanisms by which student centric approaches such as the flipped classroom 

impacts student outcomes. SDT is built on the three pillars of competence, autonomy and 

relatedness. These, in turn, enhance intrinsic motivation, self-regulation and well -being 

(Niemiec & Ryan, 2009). Self-Determination Theory is unique in that it emphasizes the 

instructional task of vitalizing students’ inner motivational resource as the key step in facilitating 

high-quality engagement (Reeve & Halusic, 2009). Support for autonomous learning from 

professors increased student self- regulation, perceived competence and interest/enjoyment as 

well as decrease anxiety over the semester in organic chemistry according to Black and Deci 

(2000; Vansteenkiste, Lens, & Deci, 2006). Conversely, environments that rely on top-down 

pressure through the use of deadlines, incentives, punishments or controlling instruction have 

been found to diminish autonomous motivation resulting in less student motivation and less 

student competence (Black & Deci, 2000; Vansteenkiste, Lens, & Deci, 2006). A sense of 
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relatedness comes from belonging to a group within a given context; for example, being a part of 

a working group within a classroom can give students a feeling of belonging (Pintrich, 2003; 

Ryan & Deci, 2000). Using Self Determination Theory can be a lens for exploring whether the 

flipped classroom can improve student engagement and motivation, and if it creates a sense of 

competence, autonomy and relatedness among students (Abeysekera & Dawson, 2015).  

 Engagement. The conceptual framework of engagement is also utilized to bring clarity 

to how the flipped chemistry classroom facilitates autonomy, competence and relatedness as 

defined by Self Determination Theory (Black & Deci, 2000). Engagement refers to the extent of 

a student’s active involvement in a learning activity (Wellborn, 1991). Student engagement in 

any class is vital to academic achievement (Handelsman, Briggs, Sullivan, & Towler, 2005; 

Reyes, Brackett, Rivers, White, & Salovey, 2012). Student’s behavioral, emotional and cognitive 

engagement in a class, or subject, directly impacts their learning (Fredricks, Blumenfeld, & 

Paris, 2004). Students that are engaged, (behaviorally, emotionally, cognitively and socially) are 

more likely to feel autonomy, relatedness, and experience the content competency that are all 

necessary for students to be self-determined learners. Learning environments, such as the flipped 

classroom, encourages cooperative learning and collaboration, supporting social and emotional 

engagement, and thus enhances students’ feelings of connectedness into the group (Fredricks, 

Blumenfeld, & Paris, 2004; Furrer & Skinner, 2003). Also, due to this environment that relies 

less on competition and more on cooperation among students, the instructors can take on a role 

of consciously being supportive of their students’ autonomy, thus decreasing competitive stress 

(Black & Deci, 2000). Because of the flipped approaches’ redesigned nature, it does not rely 

solely on lecture and therefore there are more opportunities for student centric learning, 

establishing an environment that encourages more behavioral and cognitive engagement, which, 
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in turn, facilitates an increase in content competency (Boekaerts, Pintrich, & Zeidner, 2005; 

Pintrich & De Groot, 1990; Zimmerman, 1990).  

 Orchestration. Finally, the conceptual framework of Orchestration can be used to help 

describe what happens in the flipped class that leads to increased student engagement. 

Orchestration is a conceptual framework used to help explain and describe how teachers manage 

multi-layered activities in a TELS (technology enhanced learning) classroom (Dillenbourg, 

2013). It also describes how teachers productively coordinate supportive interventions across 

multiple learning activities (Kollar & Fischer, 2013). Orchestration is be used to illustrate what 

happens within the constructs of the class and how it leads to more engaged students.  

Research Questions 

Research Question One. How does the instructional strategy of the flipped approach compare to 

a traditional instructional approach in an introductory chemistry class with regard to the 

curriculum, pedagogy, and technology? 

Research Question Two. How does the instructional strategy of the flipped classroom affect the 

students’ understanding of chemistry as evidenced in learning outcomes (final, subset, and 

course grades), and motivation (self-determination including autonomy and relatedness, self-

efficacy including well-being, intrinsic and extrinsic including career and grades)? 

Purpose of the Study 

This study examines the educational efficacy of a flipped approach to college general 

chemistry classes in a traditionally sized, (often in excess of 200 students), classroom. The 

participants of the study include two general chemistry professors. One professor uses a 

traditional lecture method as their vehicle of instruction with readings and homework assigned 

after the content is introduced (Mangan, 2013). The second professor employs a flipped method 
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of instruction in their class (Bishop & Verieger, 2013). Briefly, students acquire the content of 

the lesson before class by way of video, podcast, or readings. Homework questions also happen 

before class covering the content. During class, there is more time for student-centric learning 

opportunities such as problem solving, formative assessment and cooperative learning, 

demonstrations, and deeper discussion of the content. 

Type of Study  

 This is a mixed methods study (Creswell & Clark, 2007). The qualitative methods 

include class observations using the Classroom Observation Protocol for Undergraduate STEM 

(Smith, Jones, Gilbert, & Wieman, 2013) and interviews of both professors and the students from 

each class add descriptive data to the study (Creswell & Clark, 2007). The Chemistry Motivation 

Questionnaire II (Glynn, Taasoobshirazi, & Brickman, 2009), students’ final exam grades, 

including a subset of congruent questions administered to both classes, and final class grades, in 

both groups, aggregated to the class level, are compared. Both the qualitative and quantitative 

data are triangulated for verification (Oliver-Hoyo & Allen, 2006).  

Summary  

 In Chapter One, I describe the importance of STEM education and the placement and 

importance of general chemistry to STEM education. Theoretical and conceptual frameworks are 

introduced as well as the research questions, purpose of the study and type of study. The 

remainder of the dissertation has a traditional flow. Chapter Two, the literature review, is a 

discussion of the literature pertaining to promoting success in STEM education, motivational 

psychology in education, and maximizing the instructional approach with regard to 

undergraduate STEM education are discussed. Chapter Three is a description of the methodology 

utilized, details on the research design and a description of the data sources and analyses. 
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Chapter Four presents the results of the study organized around the research questions. And 

Chapter Five is a discussion of the results pertaining to each research question and a discussion 

of the findings. 
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CHAPTER TWO: LITERATURE REVIEW 
 
 Achievements in Science, Technology, Engineering and Math (STEM) are increasingly 

valuable contributions in our increasingly-complex world and can improve the quality of life 

around the globe. In the United States, while scientific innovation has produced roughly half of 

all U.S. economic growth in the last 50 years (National Science Foundation, 2005); however, 

only 5% of U.S. workers are employed in fields related to science and engineering (The STEM 

Workforce Challenge, 2007). This alarming gap showcases the need for more successful STEM 

education to prepare the needed STEM workers. 

Post-Secondary STEM Education 

While the proportion of incoming college students interested in STEM majors is 

increasing, the rate of graduation within 5 years for STEM majors with a degree is declining. 

“Among bachelor’s degree students entering STEM fields between 2003 and 2009, nearly one-

half (48 percent) had left these fields by spring 2009” (Chen, 2013, p.18). This suggests that the 

work being done on the K-12 level to engage students in STEM and a future in STEM careers is 

enjoying success; however, it also suggests that more work is needed at the postsecondary level 

to help students complete their studies and seek employment in STEM (Watkins & Mazur, 

2013). In their three-year, seven-campus study, (Seymour, 2000) found that students left STEM 

majors largely due to three things. Number one, they lost interest in science. Number two, they 

developed an interest in other majors. And the third reason they cited for leaving a STEM major 

was the poor teaching in their STEM classes. A majority, 90%, of the students who switched out 

of science, and even 75% of those that stayed in science, reported a lack of faculty–student 

interaction or a “coldness” of the classroom. Students cited other indicators of poor teaching in 

post-secondary science classes, such as a lack of preparation and organization as well as dullness 
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of presentations. The students did, however, make suggestions on how to improve these classes. 

They suggested creating an environment of “openness, respect for students, encouragement of 

discussion, and the sense of discovering things together” (Seymour, 2000, p.148). Specifically, 

taking lighter credit loads in STEM courses in the first year, taking less challenging math courses 

in the first year, and performing poorly in STEM classes relative to non-STEM classes were 

associated with an increased probability of switching majors for STEM entrants at both the 

bachelor’s and associate’s degree levels. Accumulating less success in STEM courses than in 

non-STEM courses (as reflected by earning lower STEM grades relative to non-STEM grades 

was also associated with an increased probability of dropping out of college for STEM entrants 

at the associate’s degree level (Chen, 2013).  

College student attrition from STEM majors most often occurred in the first or second 

year of college (Seymour & Hewitt, 1997). Students’ experience in their freshman science 

courses were the most influential in their decision to switch out of their major (Chen, 2013). 

Performing poorly in STEM classes as compared to non-STEM classes, was found to increase 

the probability of not only switching majors from STEM, at both the bachelor’s and associate’s 

degree levels, but of dropping out of college entirely (Chen, 2013). A study done on retention in 

engineering majors that focused on poor teaching in pre-engineering courses, general chemistry 

for example, found that substandard instructional practices can cause students to think that their 

engineering courses would be poorly taught and therefore they contemplate leaving the major 

(Lichtenstein, Loshbaugh, Claar, Chen, & Jackson, 2009). These authors also found that “a 

single positive interaction, excitement about a course’s teaching and/or content can cause a 

student to confirm his or her choice to stick with engineering” (Lichtenstein, Loshbaugh, Claar, 

Chen, & Jackson, 2009). 
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Promoting Success in STEM Education  

Although the attrition rate in STEM programs is alarming, there are some possibilities for 

increasing success. It bears repeating that the students cited above suggested openness, respect 

for students, encouragement of discussion, and the sense of discovering things together, and that 

a single positive interaction, excitement about a course’s teaching and/or content was shown to 

influence a student’s decision to stay in engineering. These are not impossible improvements, 

and at the same time, would bring students into an environment more like the collaborative 

STEM workplace they aspire to join. Three aspects of educational research literature are 

presented in this chapter and guide thinking about how to promote success in STEM Education: 

(a) processes of learning in a social environment, including the factors that motivate students to 

be tenacious and complete their studies, (b) consideration of the dynamic interactions of the 

learning environment, and (c) selection of the instructional approach to facilitate the above.  

Promoting Learning in a Social Environment 

 Improved learning has been stated as the goal for numerous reform and research efforts 

(National Research Council, 2012), although a review of these quickly produces a range of 

definitions and measures of learning, as well as identification of variables that impact the 

learning process, and their relationships. Motivation, including an individual’s beliefs about 

abilities, self-efficacy, expectations for success, persistence and determination, as well as the 

environmental and social influences on their motivation have all been shown to impact student 

success. Schools and classrooms that are designed to be student-centered, collaborative, 

relational and are taught by supportive instructors are environments that encourage students to 

believe in themselves, who are tenacious and engaged in their learning, and have a sense of 

volition and initiative. Understanding and promoting learning in STEM Education includes 
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clarity of the interaction among students’ individual construction of their knowledge, interaction 

with peers and instructor, and motivational factors of students’ self-beliefs and tenacity in 

completing their studies. 

Perspectives on Learning 

 Constructivism. Over time, there have been numerous perspectives on how learning 

occurs (Jenkins, 2000), leading to current constructivist theorists (Brooks, 1990; Bruner, 1990; 

Vygotsky, 1978), who assert that learners put together their own ideas, and that specific factors 

support or impede this process. Constructivists, more specifically, social constructivists (see 

Table 2.1 for comparison), examining learning in schools, explain learning as a dynamic, 

collaborative process of learners interacting with objects, ideas and others to individually 

construct their personal knowledge. Information is processed between the individuals in the 

society and the tools and artifacts of that culture, and the tools that mediate understanding enable 

the individual to function conceptually beyond what is possible alone.  
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Table 2.1 
Constructivist and Social Constructivist Theories (UCD,2017) 

Both approaches Social constructivism 

Deep roots in classical antiquity. Socrates, in 
dialogue with his followers, asked directed 
questions that led his students to realize for 
themselves the weaknesses in their thinking. 

Emphasis is on the collaborative nature of 
learning and the importance of cultural and 
social context 

Learning is perceived as an active, not a 
passive, process, where knowledge is 
constructed, not acquired. 

All cognitive functions are believed to 
originate in, and are explained as, products of 
social interactions. 

Knowledge construction is based on personal 
experiences and the continual testing of 
hypotheses. 

Learning is more than the assimilation of new 
knowledge by learners; it is the process by 
which learners are integrated into a 
knowledge community. 

Each person has a different interpretation and 
construction of knowledge process, based on 
past experiences and cultural factors. 

Believe that constructivists such as Piaget had 
overlooked the essentially social nature of 
language and consequently failed to 
understand that learning is a collaborative 
process. 

 
 This approach to understanding learning is based on recognition of our existing 

frameworks, or schema, of concepts, facts, and skills (Piaget, 1972). As Piaget (1972) explained, 

the existing schema have been shaped by prior experiences and thought, and are likely to include 

misconceptions, half-truths, and conflicting beliefs and perceptions, and that these mental 

schemata serve as the basis to make sense of new ideas. Piaget (1972), and others after him, 

found the existing schema to be resistant to change, requiring an experience in opposition to the 

firmly held ideas, known as discrepant events, to provoke an imbalance, or disequilibration 

between the existing schema and the discrepancy. (Brooks, 1990) described this ongoing, 

cyclical process of learning as a continual creation of rules and hypotheses that could explain 

what is observed. Discrepant events that provoke disequilibration cause the learner to either 

reject the observation, or cause the learner to create new hypotheses and rules to address the new 
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information. Brooks (1990) noted that this is an internal psychological process requiring revision 

of the old rules as they no longer explain reality. Adapting one’s mental schema, that is, 

changing one’s mind, is a milestone in learning, and often referred to by teachers as an “aha” 

moment (Lawson, 1989).  

 Active Learning. The learner constructs understanding; therefore, the learner must be 

active in learning (Chickering & Gamson, 1987). Rather than a particular formula, active 

learning is used to describe a range of learning activities promoting students’ active 

consideration of the ideas at hand (Bonwell & Eison, 1991). They must read, write, discuss, or be 

engaged in solving problems. Most important, to be actively involved, students must engage in 

such higher-order thinking tasks as analysis, synthesis, and evaluation. Within this context, it is 

proposed that strategies promoting active learning be defined as instructional activities involving 

students in doing things and thinking about what they are doing. (Bonwell & Eison, 1991, p. 5). 

Bonwell and Eison (1991) reported that active learning has been found to lead to better student 

attitudes and improvements in student thinking and writing, and that discussion, as a form of 

active learning, surpasses lecture in student retention of material, motivation of students for 

further study and developing thinking skills in students.  

 Researchers examining the role of active learning have reported on the impact of active 

learning strategies. For example, in introductory physics courses that utilized active learning 

strategies, Hake (1998) reported significant improvements in student engagement, doubled 

scores on measures of conceptual understanding using pre- and posttest scores of 6,000 

introductory physics students. Laws, Sokoloff, and Thornton (1999) found that increases in 

student understanding of physics concepts could be attributed to the higher engagement during 

class rather than amount of time on task. 
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In addition, active learning has also been found to improve student performance in other 

STEM disciplines. Freeman et al. (2014) reported on a meta-analysis of 225 studies that 

examined results of traditional lecturing versus active learning in various STEM disciplines, 

revealing positive gains for active learning (Freeman et al., 2014): (a) average examination 

scores improved by about 6% in active learning sections, (b) students in classes with traditional 

lecturing were 1.5 times more likely to fail, (c) scores increased on concept inventories more 

than on course examinations, and (d) effective across all class sizes with greatest effects in small 

(n ≤ 50) classes. 

 Kovac (1999) examined active learning in undergraduate chemistry, referring to the 

approach as SAL, or students’ active learning methods in undergraduate chemistry. The study 

utilized the following active learning methodologies: cooperative learning, concept tests 

(formative assessment), writing assignments, take home exams and an absolute grading scale. A 

student advisory panel was implemented to discuss the methods and the impact on the class as it 

was unfolding. As a result of instituting SAL, 64% of students viewed these active learning 

methods positively, stating that they helped them learn chemistry and the subject was less 

intimidating. Only 13% disagreed with its implementation. Kovac also reported that students had 

more successful summative learning outcome than usual as it pertains to final grades. The active 

learning class saw 14.4% A’s as compared to 10% in a regular section and 17.4% B’s as 

compared to 10-15% in a regular section. Also, the failure rate was 10% which the author 

reported as low for an off-cycle class.  

 Smith (2000) reported on an undergraduate general chemistry class where the content of 

the material was delivered outside of class by utilizing an online platform. Students reported that 

having access to video-based lectures and content material available before, and throughout the 
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course, helped them with homework, test preparation, reviewing concepts, and clarifying 

concepts. A majority of students found this more effective and the active learning activities that 

replaced the pure lecture time made time during class more engaging. 

 Active learning studies include a variety of strategies that promote student participation. 

For example, the Student Response System (SRS) informally known as “clickers” (Beatty, 2005) 

is an electronic system that allows professors to present a question to the class and harvest a 

response from each student as they submit their answer by using a device or an app on their 

smartphone. Class data for each question can be immediately summarized and aggregated to 

inform class discussion. This system has been found to be particularly useful at increasing 

participation in large university classes. The feedback to students enables them to be more aware 

of their learning and the feedback to professors’ highlights student misconceptions toward which 

adjustments to teaching can be made. In a review of the literature, researchers (Kay & LeSage, 

2009) found the following benefits to integrating the use of SRS into undergraduate classes: (a) 

attendance increase, (b) students were more focused during class, (c) students participated with 

peers more in class to solve problems, (d) students interacted with peers to discuss ideas, (e) 

students actively discussed misconceptions, (f) students provided feedback to improve 

instruction. The benefits of active learning approaches are not dependent on a specific strategy 

used to promote active learning.  

Motivation  

 A great deal of hard work and tenacity is required to graduate with a degree in a STEM 

field. The academic expectations of STEM students are complex, challenging and demanding. 

Central to understanding success in these fields of study is motivation. For the last three or more 

decades social cognitive theorists have dominated the study of motivational research. Individual 
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beliefs about their abilities, self-efficacy, expectations for success, persistence and determination, 

have been some of the theoretical focus as well as the environmental and social influences on the 

motivation of individuals.  

 In general, motivation, “is the energy they bring to these tasks; the beliefs, values, and 

goals that determine which tasks they pursue and their persistence in achieving them; and the 

standards they set to determine when a task has been accomplished” (Wentzel & Miele, 2009). 

Originally, motivation had been studied in terms of quantity. Self Determination Theory provides 

a framework for studying motivation in cognitive and social development and also introduced 

the idea of motivation as qualitative with the introduction of parameters such as intrinsic and 

extrinsic (Ryan & Deci, 2000). When discussing student success, the term engagement often 

emerges. Engagement refers to the extent of a student’s active involvement in a learning activity 

(Wellborn, 1991) and can be described in terms of behavior, social, cognitive and emotional 

parameters. While motivation describes an internal affect, engagement describes an outward 

manifestation of motivation. Research on cognitive engagement is related to that on motivational 

goals and self- regulated learning (Fredricks, Blumenfeld, & Paris, 2004). An individual's beliefs 

regarding their capabilities as a student is parallel to them being a self-regulated learner. Self-

efficacy describes the confidence in the ability to exert control over one's own motivation, 

behavior, and social environment and is an individual's belief in his or her capacity to execute 

behaviors necessary to produce specific performance attainments (Bandura, 1977, 1986, 1997). 

To the extent that a student has this confidence in their ability and to the degree that they value 

the activity or subject, will dictate their performance, persistence and choices (Schunk & Pajares, 

2005, Wigfield & Eccles, 1992). 
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 The educational impact of motivation cannot be overstated. Motivation influences student 

achievement and self-regulation (Bandura 1997, Multon, Brown & Lent, 1991). It affects activity 

choices, the effort students expend, persistence, and achievement (Schunk, 1995). Conditions 

within an academic ecosystem that support the individuals experience of autonomy, competence 

and relatedness foster volition and high-quality forms of motivation and engagement for 

activities, including enhanced performance, persistence and creativity (Pajares, 1996, 1997, 

Schunk, 1995). It is widely agreed upon that student engagement in any class is vital to academic 

achievement (Handelsman, Briggs, Sullivan, & Towler, 2005; Reyes, Brackett, Rivers, White, & 

Salovey, 2012). Student’s individual beliefs regarding their success on future tasks, either in the 

near or extended future, define their expectancies for success (Wigfield & Eccles, 2000). These 

expectancies and the value that they place on a task, for example a science class, can equate to 

the student’s achievement, performance and persistence (Wigfield, Tonks, & Klauda, 2009).  

 The motivation of students cannot be separated from the academic setting and the many 

influences in that environment. Situated in Bandura’s social cognitive theory (1986) which is 

characterized by the idea that human functioning is a product of an energetic exchange among 

personal, behavioral, and environmental influences (Schunk & Pajares, 2005) are student’s self-

efficacy, self-determination, and their expectancy to achieve in a STEM major. Schools and 

classrooms that are conditioned to be student centered, collaborative, relational and supportive 

by instructors are environments that encourage students to believe in themselves, who are 

tenacious and engaged in their learning, and have a sense of volition and initiative.  

 Self-Determination. With self-determination theory, a new perspective on motivation 

emerged. Bandura (1997) and other theorists had previously viewed motivation as a concept that 

only varied in quantity, but not in type. Self-determination theory is a framework to examine 
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motivation in many sociological settings including education. Ryan and Deci (2000) reframed 

the classifications of motivation first, differentiating between intrinsic and extrinsic, and then 

further delineating with the finer types of extrinsic motivation that vary in relative autonomy.  

 Intrinsic Motivation. The drive to do what is interesting, brings joy, and is satisfying are 

the characteristics of intrinsic motivation. Intrinsically motivating activities are enjoyable and are 

satisfying because “they satisfy deep psychological needs to feel competence and autonomy” 

(Ryan & Deci, 2009, p. 172). Learning does occur as a result of engaging in intrinsically 

motivated activities; but, the goal of participating in these activities is not necessarily learning 

(Reeve, Deci, & Ryan, 2004). When people are afforded the opportunity to engage in the things 

that they find interesting and enjoyable, they tend toward the creative, and are more likely to 

learn and flourish. Acting out of interest and enjoyment is a profound vehicle for learning when 

properly supported in a nurturing environment.  

 Facilitating intrinsic motivation. Understanding how to activate intrinsic motivation in 

students is an important skill for every educator. Creating optimal challenges, positively 

affecting the classroom environment, positive feedback, and freedom from demeaning 

evaluations were all found to facilitate intrinsic motivation while negative performance feedback 

was a deterrent (Deci & Ryan, 1985). A person’s perceived competence can also mediate 

intrinsic motivation (Vallerand & Reid, 1984). Teachers have a vested interest in optimizing 

their student’s motivation on the intrinsic level. As STEM instructors understanding how to 

mobilize a student’s motivation level could help to mitigate the attrition rate from STEM majors.  

Just as important as understanding what enhances intrinsic motivation in students is 

understanding what factors diminish intrinsic motivation. As well-meaning as they may appear, 

tangible rewards can be a hindrance to developing intrinsic motivation. They take the focus off 
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of learning for the joy of the subject onto the expected reward. Threats, deadlines, directives, 

pressured evaluations, and imposed goals, all move the student toward an external perceived 

locus of causality and work directly against developing intrinsic motivation (Black & Deci, 

2000). Recognizing these factors in the educational environment is necessary step toward 

building the students’ motivation.  

 Intrinsic motivation can be enhanced with some strategic practices. Acknowledgment of 

feelings and opportunities for self-direction allow people a greater feeling of autonomy. 

Relatedness, the need to feel belongingness and connectedness with others, is centrally important 

for internalization and therefore, the classroom that encourages student cooperation and 

collaboration is sympathetic to these needs. Also, the perceived competence of extrinsically 

motivated activities leads to internalization and supporting competence can help with this 

process (Black & Deci, 2000). Teachers who are autonomy-supportive (in contrast to 

controlling) catalyze in their students’ greater intrinsic motivation, curiosity, and desire for 

challenge (Deci, Nezlek, & Sheinman, 1981; Flink, Boggiano, & Barrett, 1990; Ryan & 

Grolnick, 1986). In contrast, students taught with a more controlling approach not only lose 

initiative but learn less effectively, especially when learning requires conceptual, creative 

processing (Amabile, 1996; Black & Deci, 2000; Grolnick & Ryan, 1987). Educators influence 

their students’ success; utilizing what is understood regarding student motivation and self-

determination can increase that influence more directly.  

 Extrinsic Motivation. While loving to learn for the sheer enjoyment of the subject is the 

ultimate motivation, there are other levels of motivation besides intrinsic motivation. Extrinsic 

motivation refers to the performance of an activity in order to attain some separable outcome. 

Extrinsic motivation is externally regulated and behaviors associated with this type of motivation 
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are the least autonomous as these behaviors are performed to satisfy an external demand or 

reward contingency. Individuals typically experience externally regulated behavior as controlled 

or alienated, and their actions have an external perceived locus of causality (deCharms, 1968). 

Outwardly, students may perform a task however, it is because of a perceived reward, grade, or 

to satisfy another person such as a parent.  

Although intrinsic motivation is the most desired impetus for student engagement in academic 

activities, it is possible for extrinsically motivated behaviors to be autonomous. Part of living in a 

society is assimilating the encompassing cultural values and practices, referred to as 

internalization by researchers Deci and Ryan (1985). The basis for cultural transmission is the 

spontaneous transmission of the knowledge and practices of the people that surround students in 

a culture. If the student feels secure, loved and cared for, they are eager to learn and adopt and 

assimilate into the world of those who are guiding them (Rogoff, 2003). Full integration of these 

extrinsically motivated activities occurs when students, within the context of these relationships, 

also feel that they are valued for their individuality, or autonomy and are made to feel competent 

(Ryan & La Guardia, 1999). Within Self-Determination Theory (Deci & Ryan, 2002), there are 

levels within the continuum of internalization that help explain the degrees of extrinsic 

motivation as illustrated in figure 2.1 below.  

 
Figure 2.1. The self-determination continuum (adapted from Ryan & Deci, 2000a). 
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 The first level, described as externally regulated, is the least autonomous of the types of 

external motivation. An example of externally motivated behavior is a student doing something 

purely to get a reward or to avoid a punishment. Motivation is initiated and regulated by external 

forces and experienced as relatively controlled. Introjected regulation is the next level of 

extrinsic motivation and is characterized by regulation that has been partially internalized. The 

behavior presents as being regulated by anxiety or the avoidance of shame or guilt for failing, 

and articulates in the positive as rewards of pride and ego-inflation for success (Ryan, 1982). 

Ego-involvement often characterizes introjected regulation. For instance, the self-esteem of a 

student is contingent on outcomes, this results in the student experiencing a pressured, internally- 

controlled state of mild. Internal contingencies are utilized by the individual to control and/or 

pressure themselves to behavior or achieve (Nicholls, 1984; Ryan, 1982). The next level, when 

the student has succeeded in identifying with the value of the desired behavior and are close to 

fully accepting it as their own, is referred to as identified regulation. This is a relatively 

autonomous form of regulation. The person here feels volition and self-endorsement when acting 

in accord with the target behaviors or values (Ryan & Deci, 2009). Integrated regulation is a 

level of extrinsic motivation that shares many qualities with intrinsic motivation. It is the most 

autonomous as the person identifies with the values and regulations of the behavior and they 

have assimilated it into other aspects of their self-identity. Like intrinsic motivation, it is chosen 

freely, voluntary and engaging. A separation in actuation occurs with the level of interest. Within 

integrated extrinsic motivation the ensuing activity happens because it is valued, or viewed as 

important, or important to achieving a goal that is valued rather than for pure enjoyment (Ryan & 

Deci, 2009). Of the four levels of extrinsic motivation, external regulation and introjected 

regulation are the closest to amotivation, or a complete lack of any type of motivation. This end 
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of the continuum is considered controlled motivation since some external loci of energy is 

required to precipitate action and is characterized by the lowest levels of autonomy. Identified 

and integrated motivation are closer to the other end of the intrinsic motivation spectrum. These 

two phases are considered autonomously motivated since the person is engaged to action from 

within. They are considered to have the highest relative autonomy of the extrinsic motivation 

strata (Ryan & Deci, 2009). 

 To ensure that the desired academic behaviors are internalized by students and to 

maintain the extrinsic motivations of students, the basic psychological needs of autonomy, 

competence and relatedness must be met and maintained to the psychological satisfaction of the 

students, according to self-determination theory (Ryan & Deci, 2009). Students receive 

behavioral regulations modeled or taught by teachers with whom he or she feels connected. 

There is also a need for the student to feel some level of competence and autonomy with regard 

to those behaviors for them to be fully integrated. To examine the amount of autonomy support 

necessary for students to internalize the rationale for working on an uninteresting, extrinsically 

motivated task, researchers (Deci, Eghrari, Patrick, & Leone, 1994) manipulated the amount of 

support for internalization provided to the college students. The autonomy support was 

actionized as providing a meaningful rationale for the project and acknowledging the students’ 

perspectives as well as providing choice. The study revealed that the amount of autonomy 

support predicted the amount of internalization as was evident by the students’ choosing to 

engage in the activity when they had an additional opportunity to do so. The results also showed 

that some of the students, however fewer, internalized when there was relatively little autonomy 

support for instance when there was no rationale, acknowledgment, or choice. The 

internalization in these instances was only introjected. The study concluded that autonomy 
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support does lead to internalization and it also ensures that the internalization can be integrated 

not just introjected.  

 Intrinsic motivation is encouraged in students when conditions in the classroom support 

autonomy and competence and it conversely is undermined when these conditions are thwarted. 

Even though students start out motivated to learn, social contexts can support or stifle humans’ 

natural tendencies for learning (Ryan & Deci, 2009). Teachers who were autonomy supportive 

supported students to become more intrinsically motivated, these students saw themselves as 

more competent, and they felt better about themselves, whereas teachers who were more 

controlling in the classroom, had students who tended to lose intrinsic motivation, perceived 

competence and self-esteem (Ryan and Grolnick, 1986). This has proven out at every level of 

education from elementary through professional schools (Williams & Deci, 1996). While 

Intrinsic motivation is a personal variable, it is also a response to the social environment.  

 Additionally, students of any age who find themselves in an academic situation in which 

they feel secure, valuable and cared for tend to want to internalize the knowledge and practices 

of the people around them (Deci & Ryan, 2002). Positive feedback from instructors as well as 

providing choices to students when possible usually increase intrinsic motivation. Learning 

material in order to maximize test performance leads to students who find the content less 

intrinsically interesting. Students who learned the material with the expectation of testing alone, 

tend to not do as well on the conceptual questions as those who learn the material expecting to 

actively use the material (Ryan & Deci, 2009). In a college level study, students were given three 

hours to learn material from a neurophysiology text (Benware and Deci, 1984). Half the students 

were told they were studying to take a test and the other half was told they were learning the 

material to prepare them to teach a lesson. The latter group experienced higher intrinsic 
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motivation because they had experienced both autonomy and competence. The results indicate 

that students who learn for the purpose of testing found the material less intrinsically interesting 

(Benware & Deci, 1984).  

 The classroom that provides support for intrinsic motivation has certain characteristics.  

Intrinsic motivation in the classroom can be supported by instructors. Classrooms in which the 

student perspective is considered foremost and they are given as much ownership and choice 

over their learning tends to produce motivated students. Of course, all teachers need to set limits; 

however, supportive teachers are able to maintain standards while still providing choice in a 

respectful atmosphere. Researchers (Ryan & Deci, 2009) have provided a list of instructional 

characteristics that tend to support students’ intrinsic motivation (See Table 2.2 below).  
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 Table 2.2 
 
Behaviors that Support Student Intrinsic Motivation 

  

Conversely, while a supportive teacher can help motivate students, a controlling instructor can 

thwart motivation. Researchers (Ryan & Deci, 2009) have also determined instructional 

behaviors that are considered controlling and can diminish intrinsic motivation in students (See 

Table 2.3 below).  

Table 2.3 

Behaviors that Do Not Support Student Intrinsic Motivation 

Monopolizing the learning materials  
Providing solutions to problems before the students had time to work independently 
Telling students answers without giving them an opportunity to formulate answers 
Making directives 
Using controlling words such as “should” and “have to”  
Using directed questions as a way of controlling the flow of conversation 

 
 The internalization of motivation has been studied in schools and even undergraduate 

science classes. Professors can influence their students’ motivation in science class. The guiding 

premise of this work is that if instructors provide supports for autonomy, competence and 

relatedness, these supports will facilitate internalization of motivation and, in turn, this will lead 

to student engagement, achievement and adjustments. Supporting intrinsic motivation and 

Students and teachers interact respectfully 
Teachers respond to students’ initiatives 
Teachers understand and relate to their students from their perspective 
Teachers both provide information and opportunities for students to find it for themselves 
Creating time for students’ independent work  
Giving students an opportunity to talk 
Acknowledging signs of improvement and mastery 
Encouraging students’ effort 
Offering progress-enabling hints when students seem stuck 
Being responsive to students’ comments and questions 
Acknowledging students’ experiences and perspectives 
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facilitating internalization of motivation can impact their learning beyond well designed 

curriculum and scientific knowledge. In a study of organic chemistry, researchers found that 

students who perceived their instructors as more autonomously supportive performed better in 

the course (Ryan & Deci, 2009). These results are important because they focus on a college-

level natural science course, and link instructor autonomously-supportive behaviors to actual 

exam performance in an ongoing educational setting, thus illustrating that empathy in the 

classroom is an important instructional tool.  

 Self-efficacy. Self-efficacy reflects confidence in the ability to exert control over one's 

own motivation, behavior, and social environment and is an individual's belief in his or her 

capacity to execute behaviors necessary to produce specific performance attainments (Bandura, 

1977, 1986, 1997). Since its introduction to the psychological literature (Bandura, 1977) this 

construct has been examined in various contexts including education, business, athletics, careers, 

health and wellness and among individuals at different development levels and cultures (Schunk 

& Pajares, 2009). Self-efficacy has proven to be a substantial influence on the motivation, 

achievement and self-regulation of individuals (Bandura, 1997; Multon, Brown, & Lent, 1991). 

Within the field of education, it has been found to affect students’ activity choices, the effort they 

expend, and the persistence and interest they exhibit as well as their achievement (Pajares, 1996, 

1997, Schunk, 1995). Situated in Bandura’s social cognitive theory (1986), which is 

characterized by the idea that human functioning is a product of an energetic exchange among 

personal, behavioral, and environmental influences (Schunk & Pajares, 2009). Within social 

cognitive theory, individuals have the capability to determine what it means to be human. That 

is, they have the ability to symbolize, the ability to think ahead or form strategies, learn from 

others’ through vicarious experiences, and they can self-regulate and reflect. Self-reflection is a 
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noteworthy feature of social cognitive theory. Within the education arena, teachers are 

challenged to promote both the learning and the confidence of their students. Using social 

cognitive theory to frame their work, they can improve the emotional state of students and 

address any erroneous beliefs and habits of thinking (personal factors), raise the academic skills 

and self-regulation (behaviors) and adjust the classroom atmosphere (environmental factors) in 

order to facilitate student success (Schunk & Pajares, 2009). Increased self-efficacy in students 

empowers students to set goals, use effective learning and study strategies, monitor their own 

comprehension, and evaluate their goal progresses; all self-regulating behaviors.  

 There are several factors, both related to the individual’s own performance and 

information that is gathered from the environment that affect self-efficacy. It can be influenced 

by the student’s progress toward goals and achievements as well as feedback from teachers and 

comparing themselves with classmates. Bandura (1997) suggested that students gain information 

to compare their self-efficacy from vicarious experiences, social persuasions and physiological 

indexes. A tangible indicator of self- efficacy is how students view their achievement level. If a 

student views their performance as successful, this should raise their self-efficacy and perceived 

failures should, in turn, lower it. An occasional success or failure shouldn’t have that much 

influence of the student’s overall perception. Individuals can acquire information about their 

capabilities through observing how others perform (Bandura, 1997). Comparison with others that 

are similar, give students an indication of how they are doing relatively and helps them ascertain 

their ability within this situation (Schunk, 1995). Self-efficacy can also be vicariously 

influenced. As an individual observes others that are similar to themselves succeed, their 

motivation to try the task increases as they believe they can accomplish it also. This also works 

in the negative; if they see a person they relate to fail, it can cause them to believe they do not 
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have the competence to succeed either and this can cause them not to try. Models can help instill 

beliefs because people often pick these based on admirable qualities and capabilities that they 

aspire to (Schunk, 1995).  

 Self-efficacy can be influenced by social persuasions (Bandura, 1997). For instance, 

encouragement and praise from others can motivate an individual as long as they are sincere. 

Successful motivators are those that can encourage and empower their students by cultivating in 

them the belief that they are indeed capable while at the same time ensuring that the goal is in 

fact, attainable (Schunk & Pajares, 2009). Conversely, the self-efficacy of a student can also be 

impacted by negative exhortations that can be defeatist.  

Individuals can also get information that informs their self-efficacy through from their 

physiological and emotional states as they consider an action (Bandura, 1997). Stress or fear 

associated with the contemplation of an activity can lower their self-efficacy. Improving the 

individuals physical and emotional wellbeing can reduce the negative emotional state and raise 

self-efficacy.  

 A significant note here is that self-efficacy is not the only influencer of behavior; the 

individual must still have the skills and abilities to perform the task (Schunk, 1995). Students 

also have a particular value system associated with the importance of the learning the content or 

skill that can impact their behavior (Wigfield, Tonk, & Eccles, 2004). Students engage in 

activities that they believe they will have success with, and avoid actions that they believe may 

lead to failure. Assuming the student has the required skills and the belief that the content is 

valuable to learn, and they believe they will be successful, self-efficacy is a key determinant of 

individual motivation, learning, self-regulation, and achievement (Schunk, 1995). 
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Self-efficacy is an important concept in education because it can influence the choices people 

make and the courses of action they pursue. People select tasks and activities because they feel 

competent and confident and avoid those in which they do not. Self-efficacy affects an 

individual’s motivation, learning, self-regulation and achievement (Schunk & Pajares, 2009). 

Students with a propensity toward a higher self-efficacy usually choose to engage in challenging 

activities, are willing to work harder at the task, and will persevere through a difficult task 

(Bandura, 1977). This translates to higher achievement and more learning in an educational 

setting. However, the typical academic ecosystem can also be a hindrance to student self-

efficacy. The tendency to limit student choices in learning activities, the integrated system of 

rewards and punishments, and also a student’s drive to not look incapable in front of their 

classmates can also work against a student’s belief in their abilities. When students are afforded 

choices their will usually be a positive relationship between self-efficacy and the activities they 

select. More self-efficacy equates to students seeking out the challenge (Schunk & Pajares, 

2009).  

 Self-efficacy and persistence will adjust according to the stage of the learning process the 

student is experiencing. At the beginning of learning new content, students do not have the skills 

and abilities associated with that discipline and therefore a low self-efficacy is expected. As they 

work at the learning their skills and content understanding increase and their self-efficacy 

increases and they will need less effort to be successful. Persistence works in the same way. 

Students require more persistence at the beginning of the learning process when skills and 

knowledge are lower. The time and effort to succeed decreases and less persistence is needed as 

they develop and increase learning (Schunk & Pajares, 2009). Given a novel task that is 

challenging but attainable, given the students’ competency level, is a better way to determine the 
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individual’s self-efficacy. A student with a higher belief in their ability will not shy away from 

the work needed to address the task and will commit to staying with the process until it is 

complete. This is also related to Vygotsky’s theory of the Zone of Proximal Development 

(Rieber & Robinson, 2013); important to educators to understand how the level of challenge they 

present in their classroom, and even per student, affects students’ efforts and persistence and is 

affected by their self-efficacy.  

 How well a student accurately understands abilities with regard to actual performance is 

an important awareness. Referred to as calibration (Pajares & Kranzler, 1995), it is the student’s 

ability to accurately assess what they are truly capable of accomplishing. A student is determined 

to be well calibrated if they are able to accurately judge at what level they are able to perform. If 

a person either overestimate or underestimate their own abilities they are said to be poorly 

calibrated. In an academic setting, it’s a student who overestimates their abilities and cannot 

perform at that level may end up failing which can lower motivation. Conversely, students who 

underestimate their abilities may not be willing to try something new and end up hindering their 

learning (Bandura, 1986). While self-awareness is important, a little bit of overestimation on the 

student’s part can raise the effort and persistence extended and can be positive.  

 Peers are important to students’ self-esteem. When similar peers are observed 

succeeding, students develop the belief that they too can be successful and this motivates them to 

strive also. The large social groups that students find themselves a part of, peer networks, 

increase the likelihood of students being influenced by modeling (Cairns, Cairns, & Neckerman, 

1989). Peer groups that socialize in an academic context can influence the individual’s and 

group’s academic self-efficacy (Pajares & Schunk, 2002). The need for students to be part of a 

group, to feel included and to be a part of the academic group, influences their self-efficacy and 
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therefore their motivation for the subject and learning. While the positive influence of a healthy 

peer group cannot be overstated, educational influences in general, are unfortunately, not always 

positive. As students advance through the grade levels, particularly from elementary school to 

upper elementary and middle school, academic motivation and beliefs in their own competence 

decline (Eccles, & Wigfield, 2002; Eccles, Wigfield, & Schiefele, 1998). Expectations change as 

grades increase, there is greater competition, more norm referenced grading, and larger teacher to 

student ratios resulting in less individualized attention (Schunk & Meece, 2006). The many 

academic changes that typically become part of the landscape for older students, along with the 

stress of transitioning between schools can all be detrimental to self-efficacy has a significant 

impact on their success or failure in school.  

 The gravity of student beliefs in their ability is found in their academic performance. 

Self-efficacy explains 25% of the variance in the prediction of academic outcomes beyond what 

is attributable to the influence of instruction, is responsive to changes in the instructional 

experiences and plays a causal role in the development of academic competencies (Schunk, 

1995). It has also been determined that self-efficacy is related to academic performance and 

accounts for 14% of variance (Multon, Brown & Lent, 1991) and correlates positively with 

indexes of self-regulation (Pajares & Schunk, 2002). Research has examined the impact on self-

efficacy from instructional and other classroom processes (Pajares & Schunk, 2002). Students’ 

self-efficacy for learning differ at the beginning of an activity depending on their previous 

experiences, personal abilities and their attitudes and social support. As they progress in the 

activity they are influenced by their own goal setting, how they think and process the 

information, the feedback they receive, and the comparisons they make with peers. Self-efficacy 

is bolstered when there is belief that they are doing well and increasing in skill. Lack of 
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progression doesn’t necessarily hinder their belief in the abilities if the student believes they have 

the ability to perform better by adjusting their approach, exerting more effort or utilizing a 

different strategy (Schunk, 1995). Consequently, motivation, self-regulation and achievement are 

all enhanced by self-efficacy and this phenomenon has been studied at all levels from elementary 

to post-secondary and all ability levels and various disciplines (Schunk, 1995; Schunk & Ertmer, 

2000).  

 As the academic ecosystem is adjusted to promote students’ feelings of autonomy and 

relatedness, students’ involvement in school increases. Increased involvement in school 

influences self-efficacy and achievement (Hymel, Comfort, Sconert-Reichl, & McDougall, 

1996). More specifically, within the school environment, the peers and instructors add to the 

individual's’ feelings of autonomy and relatedness with this influence increasing during 

adolescence (Kindermann, 2007). The school environment is important for nurturing student 

personal connections as well as academics. Students who exhibit a positive self-efficacy for 

learning, but who feel disconnected at school, may still have low motivation and achievement. 

Effective academic settings understand the need for student connections, autonomy and efficacy 

and are skilled at creating a support atmosphere conducive to learning.  

 Achievement Goal Theory. Most educators would agree that students’ motivation is an 

important factor for successful learning done within the traditional model of what we understand 

as formal learning (Ryan & Connell, 1989). For the better part of the last forty years, there has 

been a substantial amount of research focused on student motivation and its impact on learning 

and performance in school (Linnenbrink & Pintrich, 2002). The motivation of the student can 

predict the level of engagement in learning activities (Ames & Archer, 1988). It can also 

determine how ardently students embrace or avoid challenges and whether or not they persist 
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when challenges present (Elliott & Dweck, 1988). Ames (1992) coined the term achievement 

motivation when discussing what, why, and how students are motivated to learn in different 

situations (Boekaerts, Pintrich, & Zeidner, 2005). 

 The term achievement goals is specifically related to the “why” question of student 

learning and these goals are based upon what a student believes is important in an achievement 

situation (Ames, 1992). For instance, one student may work hard at learning their multiplication 

facts to pursue the goal of excelling in the subject of math, for the personal satisfaction of 

increasing their competency in math. Another student may learn their multiplication facts to 

demonstrate their ability in math or to avoid negative repercussions such as the unfavorable 

judgments of others (Elliott & Dweck, 1988). Achievement goal theory proposes that the 

behavior of the student, where achievement is an expectation, is influenced by the achievement 

goals that the student constructs for learning (Ames, 1992; Pintrich, 2000). 

 The students’ engagement in school, as well as their approach to learning and how they 

evaluate their success, are all ascertained by these goals (Urdan, Maehr, & Pintrich, 1997). How 

students establish achievement goals is dependent on various factors and is a compelling process 

(Linnenbrink & Pintrich, 2002). Achievement goals are situated within a learning environment 

and are influenced by characteristics of the classroom such as the subject being taught and the 

pedagogical methods being employed by the instructor (Linnenbrink & Pintrich, 2002). 

“Students adopting different achievement goals can be seen as approaching a situation with 

different concerns, asking different questions, and seeking different information” (Dweck & 

Elliott, 1983, p.860). All of which influence how they formulate achievement goals (Linnenbrink 

& Pintrich, 2002). Achievement goals drive students’ reasoning, motivations, and behaviors 

during instruction, according to achievement goal theory (Urdan et al., 1997). The validity of 
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using achievement goal theory is substantiated by its utilization over the course of a substantial 

body of research (Maehr & Anderman, 1993; Pintrich & Schunk, 1996). 

 Achievement Goal Orientations. Although recognized by different labels, two variations 

of achievement goals have emerged: mastery goal orientation and performance goal orientation 

(Ames, 1992; Dweck, 1986) and have also been referred to as “task-involvement goal 

orientation” and “ego-involvement goal orientation” (Nicholls, 1984). The value that is placed on 

learning determines the difference in the two types of achievement goals. If acquiring knowledge 

is the end in itself it is considered a mastery goal orientation, a performance goal focuses on the 

learning as a means to obtain an external goal (Meece, Blumenfeld, & Hoyle, 1988). Students 

with mastery goals focus on the tasks and prefer situations where they can acquire new skills and 

knowledge (Nicholls, Cheung, Lauer, & Patashnick, 1989). These students value their learning 

with regard to their growth and use “self-referenced standards” (Ames, 1992); terms such as 

“have I learned?” or “have I improved?” when evaluating their progress. Master goal orientation 

is associated with adaptive patterns of achievement related outcomes such as having high levels 

of self-efficacy and interest (Middleton & Midgley, 1997).  

 Alternatively, students with performance goals tend to focus on the self and prefer 

situations where they can demonstrate their ability especially in comparison with others 

(Nicholls et al., 1989). They tend to evaluate themselves using interpersonal norms, such as “did 

I do better than other students in the class?” or “do other students think I am smart?” (Pintrich, 

2000). The mastery-performance goal dichotomy was revised to include the distinction between 

approach and avoidance motivation (Harackiewicz, Barron, Pintrich, Elliot, & Thrash, 2002). 

The difference between the two is based on a student’s desire to look competent or their desire to 

avoid looking incompetent with regard to their work at school (Elliot & Harackiewicz, 1996). 
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 Expectancy Value Theory. Expectancy-value theory has been a well-regarded 

perspective on motivation for decades. Within this theory, it is argued that a person’s beliefs 

about how well they will do with an activity and to the extent that they value the activity will 

dictate their performance, persistence, and choices (Wigfield & Eccles, 1992). Student’s beliefs 

regarding their success on future tasks, either in the near or extended future, defined and 

measured expectancies for success (Wigfield & Eccles, 2000). A student’s belief concerning 

their current level of competence about an activity is referred to as ability beliefs (Wigfield & 

Eccles, 2000). How a person behaves, is therefore, a result of the expectancies the person has and 

the value they place on the goal to which they are working. Value is determined by the qualities 

of different tasks and how those qualities influence the individual's desire to do the task resulting 

in the term task value (Eccles, 1983; Wigfield & Eccles, 1992; Wigfield, Tonks, & Eccles, 

2004). Values tend to be subjective due to individual perspectives and the tendency to assign 

different values to the same activity; science achievement is valuable to some and not to others, 

for instance (Wigfield, Tonks, & Klauda, 2009). The expectancy value approach predicts that the 

person will choose a behavior with the largest combination of expected success and the most 

perceived value when there is more than one choice in behaviors (Wigfield & Eccles, 2000). 

Expectancies and values are influenced by a person’s beliefs in their own abilities and the 

individual defines activities or tasks, as easy or difficult based on their goals and past learning 

experiences. Therefore, “Self-Efficacy + Task Value = achievement performance, persistence, 

and influences choices” (Wigfield et al., 2009). According to Wigfield and colleagues (2008), 

there are four different values that present with students in the classroom setting, that drive their 

motivation to complete a task, as listed in Table 2.4. Of the four, intrinsic and attainment value 
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tend to be related to intrinsic motivation, interest, and task persistence (Hulleman, Durik, 

Schweigert, & Harackiewicz, 2008).  

Table 2.4 

Task Values that Drive Motivation to Complete Task  

Intrinsic value: Enjoyment or interest 
Attainment value: Importance for their identity or him/herself 
Utility value: It is useful or relevant 
Cost: There is a loss of something else that is valued; time, psychological well-being 
           (stress presents), alternative activity 

 
 While expectancies are based on what students expects of themselves in the future, ability 

beliefs are based on how a student views the present capability on certain kinds of tasks 

(Wigfield & Eccles, 2000). They further assert that children begin to recognize what they are 

good at and start to value these activities as early as kindergarten. Having the ability to do well at 

activities that the individual believes are important is an important predictor of self-esteem 

(Harter, 2006). According to Bandura (1997), children learn to enjoy the activities at which they 

are competent and children in elementary and secondary grades are more likely to value math, 

sports, and language arts if they believe they are good at those subjects or activities (Jacobs, 

Lanza, Osgood, Eccles & Wigfield, 2002). As they learn and age, however, children’s ideas can 

change. Wigfield and Eccles (2000) give two reasons for this change, the first being students 

self-assessment of their abilities through comparing to other students and the fact that school 

changes from early to the later elementary years. As students age, school becomes more 

competitive, and students adjust their expectancies for achievement accordingly. All students 

judge their abilities against what they see their classmates do (Ruble, 1983). It becomes 

important that clear evaluations, within the school setting, are provided to students as they help 
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students understand their strengths and weaknesses in order for students to formulate realistic 

expectations for themselves (Deci & Ryan, 2002).  

 It is important to student success that those in position of instruction and administration 

understand their role in fostering student motivation. An atmosphere that emphasizes learning 

and mastery rather than focuses solely on performance outcomes, believing that all students can 

learn and holding high expectations for student learning, and providing increasing control to 

students over their learning foster student motivation in the classroom (Wigfield et al., 2009). 

The relationship between instructors and students should be positive and the relationships among 

students should be collaborative and cooperative. The curriculum should be challenging, 

interesting and focused on higher-order thinking for all students (Guthrie & Taboada, 2004). 

Students should be actively engaged in the learning process through experimentation, 

observations and simulations related to the concepts being taught in the unit of study (Guthrie, 

2004; Guthrie, Wigfield, & Perencevich, 2004). Student expectancy beliefs can be supported by 

enabling all students to be successful and enjoy the class which leads to more positive beliefs 

about future chances of success in the subject (Wigfield et al., 2008). Helping students develop 

control over their learning, providing collaborative support between students, and scaffolding 

choices given provides autonomy support to students (Guthrie, 2004). 

 Classrooms do not happen in a vacuum. They are determined not just by what happens 

within that space as orchestrated by the instructor but, the culture of the school. Research 

utilizing the lens of achievement goal theory perspective has added significant understanding to 

the structure and organization of school cultures (Roeser, Urdan, & Stephens, 2009). With regard 

to how the school level academic goal structures affect student learning and achievement two 

orientations have emerged: performance-oriented and mastery-oriented goal structure (Roeser, 
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Urdan, & Stephens, 2009). Student’s academic ability and status are considered relative based on 

the abilities that are valued and recognized in a performance-oriented Academic success is 

determined by superior grades and therefore, it is assumed, superior ability. Many schools and 

classrooms, and therefore students, are situated within this context. In a mastery-oriented school 

culture, effort, mastery, and improvement are valued and recognized (Roeser, Urdan, & 

Stephens, 2009). Success in this environment is determined by student effort and mastery of 

content, improvement and learning happen, often, through social learning. The paradigm of 

failure is redefined from not smart to not trying. In a study conducted in middle school (Roeser et 

al., 1996), researchers found that students’ perceptions of the goal structure in their school 

affected their own personal goal structures. Those that perceived a mastery-goal structure in their 

school, also held a personal mastery-goal belief structure and this positively predicted their 

positive self-efficacy beliefs and positive affect in school. Also, students who believed their 

school had a performance goal structure also aligned their personal beliefs with performance 

goals and this alignment was associated with feelings of self-consciousness in school. Students’ 

feelings regarding how much their teacher cared for them were also associated with what goal 

structure they perceived in their school. Students felt that their teachers cared for them in a 

school that was task-goal oriented and in schools of a strong performance-goal structure students 

were less likely to believe that their teachers cared for them (Roeser, et al., 1996). 

 Engagement. Engagement refers to the extent of a student’s active involvement in a 

learning activity (Wellborn, 1992). It is widely agreed upon that student engagement in any class 

is vital to academic achievement (Handelsman, Briggs, Sullivan, & Towler, 2005; Reyes, 

Brackett, Rivers, White, & Salovey, 2012). Because engagement is a broad postulate, it has been 
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anatomized into the behavioral, emotional, social and cognitive realms. The four types of 

engagement can be defined separately.  

Table 2.5 

Four Types of Engagement 

Behavioral engagement refers to how the student participates in class (Fredricks, Blumenfeld, 
& Paris, 2004). 
Emotional engagement refers to the positive and negative reactions to teachers, classmates, 
academics and school (Furrer & Skinner, 2003).  
Social engagement is characterized by how students interact with other students (Fredricks, 
Blumenfeld, & Paris, 2004).  
Cognitive engagement is defined by the motivation and self-regulated learning exhibited by 
the student (Boekaerts, Pintrich, & Zeidner, 2005; Pintrich & DeGroot, 1990; Zimmerman, 
1990).  

 
 Engagement in school is an important indicator of students’ motivation to learn and a 

predictor of their academic achievement (Fredrichs, Bluemenfeld, & Paris, 2004). Relationships 

within the classroom, with instructors and peers are important to the study of school engagement 

(Ryan, 2000a). Research has found that the relationships with other students have been linked 

with behavioral, emotional and cognitive orientations that students develop toward school 

(Fredericks, et al., 2004). Most educational endeavors require that the instructor communicates 

and engages with the student on a social level. Collaborative learning activities such as 

cooperative learning or peer instruction have become increasingly popular as a pedagogical 

practice in an effort to promote learning and achievement (Roeser et al., 2009). Students who 

have friends in class are immersed in the processes of school that can affect their abilities in 

school by providing support and assistance rather than being ignored. These connections can 

assist students in adapting to the challenges of school and influence their achievement. For 

instance, the level of school engagement and the amount of learning increases or decreases with 

regard to student relationships (Roeser et al., 2009). 
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Understanding Dynamic Interactions in Learning 

 Studies examining STEM education have identified myriad factors associated in some 

way with student success. This section is focused on the extended community supporting that 

education, or the learning ecosystem, to borrow a term from ecology. In this section, two 

theoretical frameworks are considered as each applies to the particular learning ecosystem of 

undergraduate chemistry in STEM education.  

 Orchestration. Because of the complexity of the undergraduate chemistry classroom in 

general, complicated by the comparison of the traditional and flipped classes, with the many 

nuances in the use of technology, differences in pre-class, during class and post-class activities, a 

conceptual framework is needed to organize and comprehensively consider these complex 

learning environments. Orchestration is a conceptual framework used as the lens to describe any 

planned instructional event as it provides a vehicle for discussing the intentionality of creating all 

phases of the instructional experience that may or may not utilize technology and are designed 

and created by the instructors for the students. Orchestration originated in the Technology 

Enhanced Learning in Science (TELS) community and refers to the process of creating, adapting 

and enacting a technology-enhanced learning scenario under complex classroom conditions 

(Dillenbourg, 2013). In addition, it is the process of productively coordinating supportive 

interventions across multiple learning activities occurring at multiple social levels (Fischer & 

Dillenbourg, 2006) and organizing and implementing activities at different social planes: being 

able to integrate activities at different levels by implementing workflow, that is, a flow of data 

between activities (Dillenbourg, 2013). Prieto (2012) extended the understanding of 

orchestration to include informing this process with theory while complying pragmatically with 
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the contextual constraints of the setting. Prieto’s 5+3 approach to orchestration is represented in 

the figure below.  

 
Figure 2.2. Prieto’s 5+3 Aspects of the Orchestration Framework (adapted from Prieto, 2012). 
  
 Orchestration was born out of the Technology Enhanced Learning community, and the 

flipped classroom and the modern traditional classroom both utilize technology in their teaching, 

this conceptual framework helps organize and articulate the technological and instructional 

facets of this study. Various researchers utilize different terminology when referencing the stages 

of orchestration in the technology enhanced classroom. Dillenbourg (2013) used the term 

orchestrating for creating the curriculum and the term arranging to mean the process of adapting 

previously written curriculum to the needs of a particular classroom by the teacher. The term 

conducting is used to indicate the enactment of arranged curriculum in the classroom 

(Dillenbourg, 2013). As previously illustrated in Figure 2.2, the 5+3 Design (Prieto, 2012) 

referred to design as the preparation and organization of learning activities before they are 

utilized in either the classroom or out of class setting. The various forms of coordination that 

take place during the preparation or design phase are referred to as management such as 

classroom management, time management, group management, workflow management, and so 
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on. The term awareness represents the processes directed at modeling what happens during 

learning, such as instructors monitoring formative and summative assessments, peer awareness, 

and group awareness (Prieto, 2012). Prieto’s (2012) utilization of the term adaptation veers from 

Dillenbourg’s (2013) in the timing of the action. While Dillenbourg refers to adaptation as 

occurring before instruction and during the lesson design phase, Prieto used the term to describe 

any necessary interventions or adaptations to the planned learning activities that are needed to 

cope with unexpected events or to take advantage of emergent learning opportunities or to 

differentiate instruction for students as needed. The role of the teacher and other actors is self-

explanatory as is the term pragmatism, as it refers to the intrinsic and extrinsic constraints 

instructors grapple with when bringing learning activities to fruition. Prieto’s addition of theory 

included the cognitive models that the instructors utilized to frame their teaching as well as the 

models that researchers used to approach their work and synergy, how the different elements 

associated with each class were presented and interacted in order to provide more depth to the 

orchestration model.  

 At a conceptual level, orchestration is a regulation process similar to differentiated 

instruction (Dillenbourg, Dimitriadis, Nussbaum, Roschelle, Looi, & Asensio, et al., 2012). It 

provides for the necessary monitoring in the situation and deciding the adaptations that are 

necessary for optimal instruction and then initiating them. Differentiated instruction and 

orchestration differ in regard to the students being addressed. Orchestration considers the entire 

class while differentiated instruction approaches the needs of the individual student. 

Orchestration also addresses the balance of control between the instructors and the technological 

system in place although the instructor always acts as the conductor and enjoys the final decision 

for implementation. In addition to adapting content, learning characteristics, instructional 
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activities, and assessments both formative and summative, orchestration adds the consideration 

of time, curriculum relevance, space, finances, safety, teacher’s self-esteem, and school culture 

into the additional activities that are not relevant to learning but need to be accounted for such as 

extraneous activities that present during the school day (technology doesn’t work or students 

absent on group work day for example) (Dillenbourg, et al., 2012). Because of its focus on the 

technology-enhanced classroom, orchestration proves to be an advantageous lens when 

examining undergraduate STEM classrooms due to the heavy integration of technology. Situated 

within a research institution, STEM Education is influenced by an expansive community.  

 Activity Theory. This descriptive theoretical framework, as described by Engeström, 

Miettinen, and Punamki (1999) depicts an entire educational system beyond one classroom by 

recognizing the environment, history, culture, artifacts of the culture, motivations and 

complexity of the activity. Activities consist of processes at the individual and social level, and 

they include the mediating tools and artifacts necessary for these processes to occur. The theory 

originated from classical German philosophers such as Kant and Hegel, the historical and 

cultural writings of Marx and Engels of Soviet Russia and, also from Russia through the writings 

of Vygotsky, Leont’ev and Luria in the field of psychology (Engestrom, et al., 1999). Today 

activity theory serves as an interdisciplinary approach to human sciences. It provides a, 

“conceptual map to the major loci of human cognition as distributed within the learning 

environment” (Lim & Hang, 2003, p.51). Activity theory also accommodates for others who are 

important in the system beyond the subject. The unit of analysis is the activity system, consisting 

of the object and the mediating artifacts, which transcends the gap between the individual, as a 

subject, and the cultural and societal structure of the individual as illustrated in the figure below.  
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Figure 2.3. Basic tenets of the Activity Theory model (adapted from Engeström, Miettinen, & 
Punamki, 1999). 
 
 Activity theory is a particularly advantageous frame to utilize when analyzing the goal of a 

subject, be it either an individual or a group. Motivation and rationale for the activity are 

emphasized and includes identification of the outcome of the activity. The individual subject is 

exposed to the mediating tools of the community and the community is recognized for its role in 

shaping the outcome of the object of the subject. There are opportunities for development or 

learning, with the help of others that are also part of the community. The structure of the activity 

theory model is designed to facilitate the subject ultimately achieving the identified goal. 

Because it thoroughly encapsulates the subject into the larger community, with all the illustrated 

nuances, this theory zooms out the focus, and provides a more comprehensive picture of the 

elements of both in the context of this study. In the Table 2.6 below, the various aspects of 

activity theory are applied to an undergraduate general chemistry classroom as an example.  
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Table 2.6  
 
 Activity Theory as Exemplified in an Undergraduate Chemistry Class 

 

Note: Both orchestration and activity theory provide structure for investigating the intricacy of 

the STEM classroom.  

 
 
  

Activity Theory Chemistry Class 

Subject Undergraduate STEM students 

Tools & Mediating 
Artifacts 

Curriculum: concept-based, inquiry approach  
Technology: Hardware and presentation software  
Textbook, Science supplies 

Rules Safety rules of the chemistry department 
Procedures of the classroom: Flipped classroom procedures 
Procedures for the use of the online classroom platforms 
Administrative rules accessing science supplies, required texts, 
software and hardware 
Administrative rules for managing student 
Grading Rules 

Community Professor, teaching-assistants, students, tech support, administrative 
staff, janitorial staff, department administration 

Object 
Outcome 

Students understand and can apply general chemistry concepts 
Professor orchestrates general chemistry curriculum 

Division of Labor Professors and TA’s arrange and adapt curriculum for the classrooms.  
Including online platform (assignments and readings). 
Tech person: In charge of setting up smart board, projector and 
computer 
and keeping them running. 
Janitors: disinfect after lab and takes out garbage 
NCSU Chemistry Department: Manages science supplies, classrooms, 
labs and tutorial centers, department budgets and class schedules,  
personnel 
NCSU: Finances to departments, manages facilitates and students 
State of NC: provides funding 
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Maximizing Instructional Approach 
 

 As discussed above, promoting success for STEM students involves improving STEM 

Education. Educators rely on a variety of instructional approaches, and are encouraged to tailor 

any approach to the specific learning goals, discipline, setting, and most importantly, students 

they are teaching (Moallem, 2015).  

Table 2.7 
 
Defining Characteristics of Constructivism-Based Learning Environments  

Provide multiple representations of reality. Multiple representations avoid oversimplification 
and represent the complexity of the real world. 
Emphasize knowledge construction instead of knowledge reproduction. 
Emphasize authentic tasks in a meaningful context rather than abstract instruction out of 
context. 
Provide learning environments such as real-world settings or case-based learning instead of 
predetermined sequences of instruction. 
Encourage thoughtful reflection on experience. 
Enable context- and content- dependent knowledge construction. 
Support collaborative construction of knowledge through social negotiation, not competition 
among learners for recognition. 

 
 Not only is promoting learning in a social environment complex; but also, instructors are 

expected to consider multiple variables in their instruction. Therefore, it is essential to make 

maximum use of instructional time. One approach that maximizes class time is the flipped 

approach (Beauchamp & Kennewell, 2010). 

Flipped Approach. The flipped approach refers to moving the typical ‘transmission of 

knowledge’ component of a class (i.e. lectures) to outside of the classroom and move the 

‘application of knowledge’ (i.e. homework) into the classroom,” (Barkley, 2015). Bergmann and 

Sams (2012)  

described the flipped classroom as: “(1) a means to increase the interaction and personalize 

contact time between students and teachers and (2) an environment where students take 
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responsibility for their own learning.” Jon Bergmann and Aaron Sams are high school chemistry 

teachers credited with being the pioneers of the “flipped” movement in education (Schaffhauser, 

2009). Table 2.8 below illustrates the parameters that the pair used to describe their 

understanding of what flipped education should be (Beauchamp & Kennewell, 2010) as  

compared to the what is being discussed as the traditional and flipped approaches of this study.  

Table 2.8 
 
Parameters of the Flipped Class 
 Flipped approach as 

described in literature 
Traditional approach as 
presented in this study 

Flipped approach as 
presented in this study 

Before 
Class 

Approach dependent on 
students acquiring 
content through 
watching videos before 
class 

Readings suggested 
before class but are not 
assessed 

 

Content acquired through 
specifically created 
assignments that are 
mostly readings but 
contain some imbedded 
animation and video  

During 
Class 
 
 
 
 
 
 

 

Teacher is not the 
"sage on the stage, " 
but the "guide on the 
side." 
A blending of direct 
instruction with 
constructivist learning 
A classroom where 
students who are 
absent don't get left 
behind. 

 
 

Lecture driven 
Content presented 
through notes during 
class and only available 
at this time 
Students work 
independently  
 
 
 
 

Formative assessment 
utilized to drive lecture  

Frequent demonstrations  
A combination of direct 
and constructivist learning 
Cooperative learning  
Students engaged in their 
learning 
Content is permanently 
archived for students to 
use as they wish 
 
 
 
 

 
  

 

 

 



 

 

51 
 

Table 2.8 (continued) 
 Flipped approach as 

described in literature 
Traditional approach 
as presented in this 
study 

Flipped approach as 
presented in this study 

During Class Content is 
permanently archived 
for review or 
remediation 
All students are 
engaged in their 
learning 
Students can get a 
personalized 
education 

  

Homework Literature is not 
specific  

Homework is 
assigned after 
content is presented 
in class  

 

Homework is due 
before class and 
assesses the pre-class 
assignment  

 

The Bergmann and Sams (2012) approach to the flipped classroom was dependent on the 

students acquiring content through watching videos outside of class. Therefore, the utilization of 

technology is an integral part of their pedagogical model. While Bergmann and Sams are 

associated with this current trend of flipped education, there are other, similar, approaches that 

utilize content acquisition prior to class. For instance, the process of students reading content to 

be studied before class has been used in the humanities as standard practice. Historically, in 

language arts or literature classes, students read the novel outside of class. Class time was not 

spent on the plot; class time was devoted to exploring symbolism or drawing out themes in the 

literature (Berrett, 2012). Law professors have used the Socratic method in large lectures. 

Students were expected to study the material before class in order to be prepared for the class 

discussion (Berrett, 2012). And, while they did not coin the term, flipped, Barbara Walvoord and 

Virginia Johnson Anderson (1998) promoted the content-first approach for the purpose of 
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student grading in their book Effective Grading: A tool for learning and assessment. They 

proposed a model in which students gained first-exposure learning prior to class and focus on the 

processing part of learning (synthesizing, analyzing, problem-solving, etc.) in class. Theirs is an 

assignment-based model in which students produce work (writing, problems, etc.) prior to class. 

They then receive productive feedback through the processing activities that occur during class. 

The authors described examples of how this approach has been implemented in history, physics, 

and biology classes, suggesting its broad applicability. 

 Another hallmark of the current flipped trend is the utilization of technology (Balacheff, 

2009). Although this is a broad spectrum, that can include using videos to provide content out of 

class and utilizing an online platform for assignments technology is also the driving force behind 

a hybrid engineering class at NCSU that also delivers content outside of class. In an 

undergraduate engineering graphic course at NCSU, the focus was on a research and 

development project centered around the development of a blended, online and face-to-face 

introductory engineering graphics course. Their work provided an in-depth analysis of how 

students made use of the online resources to supplement the instructional support they received 

in class (Wiebe, Branoff, & Shreve, 2011). 

 While content forward is part of the flipped classroom pedagogy, the reason for content-

forward teaching is to utilize the time in class most effectively (Baepler, Walker & Driessen, 

2014). Peer instruction (PI), originally introduced by Mazur (1997), is a pedagogical practice that 

trades the time usually spent in traditional lecture for mini lectures and asking students 

conceptual questions. The students utilize clickers to answer and are given time to discuss the 

concept with other students before answering. Data spanning ten years in calculus and algebra-

based introductory physics courses for non-majors indicate increased student mastery of both 
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conceptual reasoning and quantitative problem solving upon implementation of teaching with PI 

(Crouch & Mazur, 2001).  

 From 1990 to 2000, Crouch and Mazur (2001) administered the Force Concept Inventory 

(FCI 12) at both the beginning and end of the term. The average pretest score before instruction 

for the calculus-based course stayed essentially constant over the period tested 1990–1997. 

Likewise, the difference between the average pretest scores for the algebra-based course was not 

statistically significant. The average posttest score after instruction in the calculus-based course 

increased dramatically; upon changing from traditional instruction to PI the average normalized 

gain doubles from 1990 to 1991, consistent with what had been observed at other institutions 

upon introducing interactive engagement instruction and with continued use of PI from 1993 to 

1997 the normalized gain continued to rise. Then, in 1998 and 2000 there were normalized gains 

teaching the algebra-based course with PI, while the same course taught traditionally in 1999 by 

a different instructor produced a much lower, though still respectable, average normalized gain. 

Interestingly, the proportion of students who were enrolled in the traditionally taught 

introductory physics course and switched out of a STEM major was more than twice that of 

students enrolled in the courses taught using PI (Crouch & Mazur, 2001). Furthermore, the 

impact of pedagogy on STEM major retention was consistent across both genders. 

All of these studies had considerations for use of the flipped approach.The pre-class 

homework (readings, videos) must be carefully tailored for the students in order to prepare them 

for the in-class activities. This can be arduous and time consuming, and in their survey, teachers 

said that finding good quality videos was difficult (Herreid & Schiller, 2013). Also, students may 

initially resist this method because it requires that they do work at home rather than be first 

exposed to the subject matter in school and they may come to class unprepared for the activity 
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portion (Herreid & Schiller, 2013). It can be difficult to get students to do the pre-class work 

whether it is watching the video or other prescribed preparatory assignment. Students unprepared 

with the content can throw off the flow of the class when active learning activities are planned 

that are dependent on students’ readiness to participate.  

 Some teachers argue that it is not a new method at all that it is still a lecture in video form 

and doesn’t necessarily mean students are more engaged while in class. Ash (2012) suggested 

that flipping is one approach in a wider framework of instructional methods to help reach 

students and is relevant to the extent that teachers are using the class time to engage their 

students. The intent of the flipped approach is to promote process thinking (synthesizing, 

analyzing, problem-solving, etc.) during the class time (Bishop & Verleger, 2013) and, in turn, 

process thinking is positively impacted by active learning approaches (Smith, Sheppard, Johnson 

& Johnson, 2005). 

 Promoting success in STEM education is important. Three aspects of educational 

literature describe the key considerations in this effort: learning in a social environment, dynamic 

interactions of the learning environment, and instructional approach. 
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CHAPTER THREE: METHODOLOGY 
 
Purpose 

  The purpose of this study is to examine the orchestration of a flipped instructional 

method (Barkley, 2015) and its impact on student understanding in a general chemistry course 

required of all science, technology, engineering and mathematics (STEM) majors. The 

comparison class, here called the traditional class, is understood to be mostly lecture and direct 

instruction presented by the professor. This particular class uses a well-established curriculum 

arranged by another professor in the same department and student work is considered an 

independent endeavor. The flipped approach, in which content is presented before the scheduled 

lecture class, is employed to repurpose class time for interactive strategies to increase learning. 

For the purposes of this study, the definition of flipped includes well-designed curriculum and 

well-orchestrated pedagogy. The redistribution of time is a tool this professor uses in his 

orchestration however, it alone does not define this scenario. The professor also employees’ 

social constructivists teaching strategies and holds the recitation classes to the same standard.  

Because student understanding is influenced by affective qualities such as engagement, 

motivation, social learning, and student autonomy (Carini, Kuh, & Klein, 2006; Niemiec & 

Ryan, 2009) data collection includes measures of these as well as content understanding. 

Utilizing a flipped strategy is a relatively new approach to teaching college chemistry. Therefore, 

the research questions framing this study are descriptive in scope and include specific qualitative 

and quantitative information. 

 Research Question One. How does the instructional strategy of the flipped approach 

compare to a traditional instructional approach in an introductory chemistry class with regard to 

the curriculum, pedagogy, and technology? 
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Research Question Two. How does the instructional strategy of the flipped classroom 

affect the students’ understanding of chemistry as evidenced in learning outcomes (final, subset, 

and course grades), and motivation (self-determination including autonomy and relatedness, self-

efficacy including well-being, intrinsic and extrinsic including career and grades)? 

Research Design 

Rather than utilizing a primarily quantitative or qualitative approach, a mixed methods 

design (after Creswell & Clark, 2007) was selected to comprehensively examine the research 

questions. The primary philosophy of mixed methods research is that of pragmatism, and, rather 

than being a dichotomy, quantitative and qualitative research are viewed on a continuum 

(Ercikan & Roth, 2006). It is from this pragmatic perspective that mixed methods research 

emerged as a third tradition of research (Teddlie & Tashakkori, 2009). “Research in which the 

investigator collects and analyzes data, integrates the findings, and draws inferences using both 

qualitative and quantitative approaches or methods in a single study or program of inquiry” 

defines the mixed methods approach to research (Tashakkori & Creswell, 2007, p. 4). This 

definition has been recently expanded to include different views of the social world as well 

(DeCuir-Gunby, Marshall, & McCulloch, 2011). 

Historical Context 

  Data collected during an associated pilot study informed the context of the project. This 

study was born from a conversation with members of the chemistry department regarding best 

instructional practices for the logistical realities of teaching a class that a large majority of the 

university was required to complete for their degree major. General chemistry is a core class for 

most STEM majors and an optional elective for others, leading to thousands of general chemistry 

students every year. The professors understood the gravity of this task since an understanding of 
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chemistry is the foundation of other sciences. The conversation turned to some of the 

instructional practices being used at the university, specifically SCALE-UP (Oliver-Hoyo, Allen, 

Hunt, Hutson, & Pitts, 2004). While integration of active learning strategies employed in the 

chemistry department's own utilization of SCALE-UP (Oliver-Hoyo et al., 2004) had seen 

success in the past, the logistical implications made it impractical to offer SCALE-UP to every 

section of general chemistry. A full SCALE-UP implementation requires a specifically 

engineered classroom, more teaching assistants and less students per sections (Oliver-Hoyo & 

Allen, 2005). This led to a discussion of how to utilize more of the student-centric teaching 

strategies found in the flipped class pedagogy given the logistical considerations at hand. 

The undergraduate chemistry class is a complex environment, and one data variable 

would not be adequate to address the multiple factors that shape the students’ cognitive and 

affective outcomes. The first research question is best addressed using qualitative data, in order 

to provide a rich description of the range of relevant factors related to similarities and differences 

found in the settings, the pedagogical approaches, utilization of technology, and logistical 

considerations. The orchestration framework is used to structure qualitative data collection and 

analysis (Dillenbourg, 2013; Kollar & Fischer, 2013; Prieto, Dimitriadis, Asensio-Pérez, & Looi, 

2015). Further, as quantitative data drives the discussion of what is happening in these 

classrooms, as addressed in both research questions, selected quantitative data sources are 

collected and analyzed using standard statistical methods to clarify key aspects of the class 

comparison specific to research question two. Collectively, the continuum of data collection 

provides a well-developed picture of the undergraduate general chemistry courses and their 

students. 
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Participants 

Professors. A convenience sample of two intact general chemistry classes at a large 

southeastern university are used for this study. Two general chemistry professors, and the 

students of their respective classes for this semester, made up the participants of this study. The 

traditional professor, that is the professor who utilizes a traditional approach to teaching general 

chemistry, is an Associate Professor with a specialty in computational chemistry. The professor 

who employs the flipped approach to teaching general chemistry, referred to here as the flipped 

professor, is a Teaching Associate Professor with specialty in general and inorganic chemistry. 

Both are well regarded in their department. The classes observed were taught in spring semester 

of 2017. 

Students. Demographic parameters of the classes are expected to be similar. Students 

enroll in each section according to normal enrollment advising procedures, with no consideration 

for the study.  

Consent and Data Management 

   All data collection occurs after the university’s Institutional Review Board (IRB) 

approval. Both professors sign the appropriate consent form (Appendix H) before data collection 

begins. Students who elect to participate in interviews and survey sign consent forms (Appendix 

G) as explained by professors during class and are also posted within the learning platform 

utilized by that professor. All written consent forms are kept in a locked office and participant 

responses for all data collection tools are securely stored under two step authentications 

throughout the study and will be kept for five years after study completion, as required by the 

IRB. 
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Measurement Tools 

  Two qualitative (classroom observations and interviews) and three quantitative (surveys, 

final exams, and course grades) measures were selected for the data collection in this study. The 

survey is a one-time administration and assesses students’ motivation associated with their 

chemistry courses. The final exam grades and the course grades provide measures of chemistry 

understanding. The observations and interviews were selected to provide detailed descriptions of 

both the traditional and flipped instructional approaches. In addition, analyses include records of 

all course documents for additional insight into students’ motivation and engagement in the 

flipped approach. Table 3.1 provides an overview of the data collection tools as they relate to the 

research questions for this study.  

Table 3.1 

Relationship Between Research Question Parameters and Data Collection Tools 
      

Data Source Observations Interviews Questionnaire Grades 

 
RQ1: Comparison X X   

• Curriculum X X 

• Pedagogy X X 

• Technology X X 

 

RQ2: Understanding X X  X 

• Final    X 

• Subset    X 

• Course    X 
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Table 3.1 (continued) 

RQ2: Motivation     

• Self-Determination X X X 

o Autonomy X X 

o Relatedness X X	 	 	  

• Self-Efficacy  X X   

o Well-being  X X 

• Intrinsic  X  X 

• Extrinsic  X  X 

o Career  X  X 

o Grade  X  X 

 
 Observations. The Classroom Observation Protocol for Undergraduate STEM, or 

COPUS, was specifically designed to be used in undergraduate science classrooms (Smith, et al., 

2013). The COPUS consists of 25 codes in two categories: what the professor is doing and what 

the students are doing and was not intended to be linked to any external criteria. Validity was 

established during the development process with the criterion that it described the full range of 

normal classroom activities for students and STEM instructors. During observation, the observer 

utilizes a checklist of the 25 codes in professor and student categories. In addition, descriptive 

notes by the observer are used as a secondary means of documentation.  

Questionnaire. Glynn, Taasoobshirazi, & Brickman (2009) developed the Science 

Motivation Questionnaire II, which has been validated with both science majors and non-science 

majors (Glynn, Brickman, Armstrong, & Taasoobshirazi, 2011). This motivation questionnaire 

was developed to evaluate the effectiveness of instructional strategies and materials designed to 

increase students’ motivation. The authors provided flexibility for use of this instrument for all 

science classes, suggesting a researcher change the word science in the questionnaire name to 

chemistry (or physics, biology, etc.) to fit the context of the study. Thus, the Chemistry 
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Motivation Questionnaire, or CMQII, was used in this study. The authors found that student 

scores on the Science Motivation Questionnaire were determined to be reliable and related to 

students’ high school preparation in science, GPA in college science courses, and belief in the 

relevance of science to their careers. The authors used an exploratory factor analysis to provide 

evidence of construct validity, revealing that the students conceptualized their motivation to 

learn science in terms of five dimensions: intrinsic motivation and personal relevance, self-

efficacy and assessment anxiety, self-determination, career motivation, and grade motivation. In 

their report, while women and men had different profiles on these dimensions, they had 

equivalent overall motivation to learn science. The CMQII is a self-reporting, Likert-scale 

questionnaire consisting of 25 questions. For this study, a 26th question was added for students to 

indicate electronically if they were willing to participate in the student interview. From that list, 

students were randomly selected for interviews. 

Interviews. Interview protocols (after Patton, 2002) were developed for this study for use 

in the professor and student interviews. The professor interview protocol consists of questions 

addressing the orchestration (Dillenbourg, 2013) of the general chemistry curriculum, including 

particular utilization of the technology afforded by the university, both in how each professor 

addressed the pedagogical challenges of general chemistry and their classroom. Questions 

regarding the logistics of teaching both the lecture class and the supervision of their recitation 

sections were also included. 

The student interview protocol consists of several background questions relating to the 

students’ degree major, the year of their program, other classes they had taken in chemistry, 

either at the university or in high school, and future plans for additional chemistry and/or science 



 

 

62 
 

classes. Additional questions elicit more specific information regarding how the content of the 

class was obtained, the learning activities of the class and assigned work outside of class.  

Exam and course grades. Final exam and course scores are collected to examine student 

learning. Each professor creates and administers a unique final exam specific to that class, 

counting approximately a third of the course grade and provides the results to the researcher. 

Also, the professors collaborate on a subset of questions that are included in each of the class 

final exams. Each professor administers the final exam during the assigned final exam time.  

Data Analysis 

Data analysis for research question one. The design includes observations of each class 

in order to provide detailed descriptions of typical events during class time and to illustrate the 

aspects of orchestration in both classes. The observations are structured according to the coding 

system of the COPUS (Smith et al., 2013) protocol for documenting both student and professor 

actions in each class. This coding system structures collection of data according to each coded 

variable and serves as an organized and efficient way to collate related qualitative data.  

In addition to the structured observations, two interview protocols were developed, one 

for the professors and a second for students. These interview protocols are designed to elicit 

responses for analysis using an analytical framework approach on the processes of the respective 

classroom (after Patton, 2002). Observations and interviews together provide a detailed, 

descriptive picture of both the traditional and flipped general chemistry classes. 

Further analyses of observations and interview responses include coding to identify 

curricular, pedagogical, and technological aspects of the classes within the context of how the 

respective professors orchestrate the overall course and individual class interactions 

(Dillenbourg, 2012; Patton, 2002), and address each aspect of the orchestration framework.  
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Data analysis for research question two. The CMQII (Glynn, Brickman, Armstrong, & 

Taasoobshirazi, 2011) was developed to assess five categories of motivation with 5 questions 

each. Analysis of responses includes an overall score and one for each category. Interview 

protocol for students includes specific questions to elicit further information about student 

motivation with regard to self-determination (including autonomy and relatedness), self-efficacy, 

intrinsic and extrinsic motivation (including grade and career). Observations are structured to 

examine the extent to which each professor intentionally cultivates a classroom that utilizes 

student discussion, cooperative learning, and is empathetic to the needs of the student, as these 

show additional evidence of both relatedness and autonomy.  

 A comparison of learning outcomes between the flipped and traditionally-taught general 

chemistry classes is examined using quantitative data, as is standard for communicating learning 

outcomes. A subset of congruent questions included on both final exams, written by and agreed 

upon by both professors, comprised 20% of the final exams. Overall course grades are calculated 

by each professor using the expectations provided in the course syllabus. 

Datasets compiled for each class include all students who completed the class, as 

signified by earning a grade for the course: A, B, C, D or F. Any students not earning one of 

these letter grades are not included, for example, AU, Withdraw, or Drop. According to IRB 

practice, a dataset number is assigned to each student and all identifying student information is 

removed. Each dataset includes final exam score, subset score, course grade and questionnaire 

responses as well as codes to identify whether flipped or traditional class. 

Descriptive statistics calculated for each dataset include a distribution of values for each 

score, grade or response, as well as measures of central tendency and associated deviation. 
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Further descriptive calculations and/or graphical visualizations utilized as suggested from the 

datasets may include: t-tests, analysis of variance, and Pearson’s correlation, among others. 

  



 

 

65 
 

CHAPTER FOUR: RESULTS 

 Two questions guided the data collection and analyses: (a) How the instructional strategy 

of the flipped classroom (Bergmann & Sams, 2012) compared to a traditional instructional 

approach, and (b) how the instructional strategy of the flipped classroom affected the students’ 

motivation to learn and understanding of chemistry. Data collected to address the comparison of 

the flipped and traditional approaches included observations, survey, and interviews. Data 

collected to address student understanding of chemistry included exam grades and final course 

grades and the Chemistry Motivation Questionnaire II provided data to address the question of 

motivation. Results are provided below, organized by the research questions and data source. In 

utilizing a mixed methods approach, the qualitative and quantitative data were examined to 

answer both research questions. Specifically, a convergent parallel mixed method design 

(Creswell, 2014) in which the qualitative and quantitative data are collected independently and, 

in the case of this study, converge for comparison and interpretation as illustrated in Figure 4.1. 

 

 
Figure 4.1. An illustration of the quantitative and qualitative data set relationship (adapted from 
Creswell, 2014). 

 
The qualitative data provided context to the study, and the quantitative data added details 

to the findings. Both combine to give an understanding of how a flipped general chemistry 
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classroom can be orchestrated, and whether this type of orchestration leads to more opportunities 

that motivate and engage students, and increased understanding of chemistry.  

Administration of Data Sources  

Qualitative data sources were administered as described here to address both research 

questions. Observations were conducted in the same classroom during regularly-scheduled class 

sessions. Each observation was conducted by the researcher and included both a narrative 

description and a modified version of the coding system of the COPUS protocol (Appendix A) to 

document both student and professor actions (Smith et al., 2013). During the pilot study, six total 

observations were conducted, three of the flipped lecture section and three of the flipped 

recitation section. A total of twenty-three observations were conducted during the data collection 

phase of the main study; five traditional lecture sessions, six traditional recitation sessions, eight 

flipped lectures and four flipped recitation. All observations were conducted from the beginning 

to the end of the class being observed. These observations were tabulated using the coding 

system categories as modified for this study and that protocol addressed the actions of the 

students and the instructor simultaneously. Codes for observation of student behavior were 

grouped into three categories: independent, collaborative and whole class. Two categories 

described the codes for instructor behavior: whole class and differentiated instruction. Further, 

all observation results were examined specifically to identify whether they addressed curriculum, 

pedagogy, technology, motivation, or understanding of chemistry. 

Interviews with the two professors were held in their own office at their convenience 

using an interview protocol (Appendix B). Interviews took approximately thirty minutes, were 

held at the beginning of the semester and again at about the mid-semester point. In addition, to 

provide insight on the departmental support available, an interview was scheduled with the 
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Director of Undergraduate Chemistry. Those questions addressed logistics of the general 

chemistry classes with regard to classroom location and type of classroom, class size, the number 

of teaching assistants (TAs) assigned to each professor. 

Students were identified to be interviewed in a two-step process. When students 

completed the CMQII questionnaire, the last question explained the opportunity to be 

interviewed asking for a yes or no response, yielding 98 students who marked yes. To further 

reduce the sample to a size logistically possible to interview, a random subsample of 23 students 

was obtained; these students were contacted by email, and the interviews were scheduled. All 

student interviews took place in the conference room located in the chemistry department 

laboratory building and were conducted by the researcher using the student interview protocol 

(Appendix C). The interviews were digitally recorded and then transcribed by the researcher for 

consistency.  

Quantitative data were collected via three measures. Students responded to the CMQII 

Questionnaire (Appendix D) online through their class WebAssign™ site and were able to 

answer the questions at their own pace. Final exams were given during the predetermined course 

final exam time, in accordance with departmental guidelines. Course grades were determined by 

the professors in accordance with their respective established policies and shared with the 

researcher in a spreadsheet. 

Table 4.1 depicts the relationship of data sources, analyses conducted, and research 

questions addressed. Category refers to aspects of the observation protocols as structured in 

COPUS (Smith, Jones, Gilbert, & Wieman, 2013). Research question component refers to 

aspects of each research question as follows. Components of RQ1, how the instructional strategy 

of the flipped classroom compares to a traditional instructional approach, include curriculum, 



 

 

68 
 

pedagogy, and technology. Components of RQ2, how the instructional strategy of the flipped 

classroom affected students’ understanding of chemistry, include learning outcomes (final, 

subset, and course), and motivation (self-determination including autonomy and relatedness, 

self-efficacy including well-being, intrinsic and extrinsic including career and grades). 

Table 4.1 
Data Analyses to Address Research Questions (RQ)   

Data Source Analysis RQ Component 

Observations Tabulated by Category (from COPUS)* All, by Category 

 Itemized by Research Question Component All, by Component 

Interviews Tabulated by Interview Question Topic All, by Category 

 Itemized by Research Question Component All, by Component 

Questionnaire Descriptive statistics by category Motivation 

Final Exam Scores Descriptive Statistics and Inferential Statistics Chemistry by Class 

Final Exam Subset Descriptive and Inferential Statistics Chemistry by Class 

 
Results for Comparison of Flipped and Traditional Classes 

The intent of the first research question is to better understand how the flipped 

instructional approach is similar or unique in comparison to a traditional undergraduate 

chemistry instructional approach. This comparison is necessary, not only to better describe the 

flipped approach, but also, to provide defining characteristics that might be examined in concert 

with student success indicators, such as the exam scores and course grades in this study. Toward 

those purposes, the qualitative data collected from observations and interviews were examined 

according to their initial aspects (the observation checklist and the interview protocol), as well as 

redundantly reviewed for as many unique aspects as might be found. Results reported below are 

therefore more broadly listed than the instruments upon which those data were collected. In 



 

 

69 
 

addition, this exploratory analysis of both observations and interviews revealed corroborating 

data from each in addressing three components of this comparison: curriculum, technology and 

pedagogy. Results below are described in that order. 

Curriculum 

Curriculum refers to the chemistry content, course expectations and assessment as 

depicted in each professor’s course syllabus (Appendices E and F). In this study, the curriculum 

was very similar between classes as they were between sections of the same course, also utilizing 

the same course description. Both classes were taught by a lead professor in the same large 

auditorium. Professor F taught the Flipped class while Professor T taught the Traditional class. 

TAs assigned to each professor led the respective recitation sections. Grading of recitation 

sections was consistently based on attendance, in both the traditional and flipped classes, and 

each professor’s influence was evident in how the TAs facilitated their sections. Professor F 

instructed TAs to facilitate recitation using cooperative learning and conveyed his expectation to 

determine student understanding and to coach students toward understanding of concepts as 

opposed to a direct instructional approach. Professor T emailed the problem set to her TAs 

weekly and each TA was responsible for determining how to best facilitate the class. In addition, 

both classes attended separate, independent laboratory sections required of all students. Table 4.2 

below provides an overview of the curriculum for each class, as it occurred during class, outside 

of class, and during recitation sessions. 
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Table 4.2 

Curriculum Components by Class and Time 

 

 Supplemental instruction (SI), a department-wide initiative, was embedded in all general 

chemistry classes. An assigned TA attended their section of general chemistry, then, based off of 

the content being taught and suggestions from the professor, provided an organized study group 

that met weekly outside of class. Students’ participation was voluntary in those sessions and no 

grade was given. The chemistry department also offered tutorial services to all general chemistry 

students.  

Timing Flipped Traditional 

During Class   CHEM 101 course 
Standard course content 
Orchestrated by professor 
Arranged by professor 

CHEM 101 course 
Standard course content 
Developed by another professor in 
the same department 
Arranged by professor 

Outside 
Class 

Pre-class professor-constructed 
readings 
 
Pre-class required study guide 
questions (WebAssign) 
Post-class: Optional follow-up 
study guides (Moodle) 
Student access to class information 
and course materials via login to 
Moodle 
Student access assignments via 
login to WebAssign 
Department-approved online text 
available for reference 

Post-class readings from 
department-approved online 
textbook 
 
Post-class: Required question sets 
(WebAssign) 
Student access to class 
information, course materials, and 
graded assignments via login to 
WebAssign 
Department-approved online text 
available for reference 

Recitation Professor orchestrated 
Teaching Assistants implemented 
Problem sets for enrichment and 
enhancement of selected content 

Professor orchestrated 
Teaching Assistants implemented 
Problem sets aligned with tests of 
selected content 
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Observations. Observations confirmed that the aspects of curriculum described above 

were deployed in instruction and also clarified several aspects of curriculum determined by each 

professor. As stated above, both professors utilized the same online text and chemistry topics. 

Curriculum aspects noted above were verified in the observation data, as indicated in Table 4.3 

below. 

Table 4.3 
 
Observation Results About Curriculum 

Timing Flipped Traditional 

During Class   Clicker questions 
Demonstrations 
Discussion and lecture building on 
pre-class reading and expand topic 

Lecture driven by a slide 
presentation 

Outside 
Class 

Pre-class reading, written by this 
professor, accompanied with a 
WebAssign that introduced the 
content 
Optional study-guide readings, also 
written by the professor, post class 

Textbook readings and WebAssign 
homework post class 
 

Recitation Problem sets designed as 
enrichment to the topics being 
discussed in class 

Problem sets aligned with class 
content and provided practice 

 
Interviews. Interviews corroborated the findings listed in Table 4.3 above and added 

clarification of student and professor perspectives on the aspects described in this table. Sample 

quotes illustrating these results are given in Table 4.4 below.  
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Table 4.4 
 
Interview Results About Curriculum 

Timing Flipped Traditional 

During Class Professor F: “Several years ago, I 
was asked to put together the DE 
course. It was a large course, 
part of this was a distance ed course 
my thought was you can't just have 
students read the book and answer 
these questions. The part they are 
missing is any kind of input the 
instructor has, how the instructor lets 
you know how the big picture fits 
together. So, I made that six years 
ago. And I thought, ‘Gosh, why don’t 
I make that available to the face to 
face classes to, just as extra study 
material’. And then I said, 
‘You know, we cover so much stuff 
and there is this basic stuff the kids 
are supposed to bring forth from high 
school chemistry that is supposed to 
be a prerequisite for our class and 
maybe they can relearn the simple 
stuff.’ So, I started making these 
pre-class assignments. This is the 
natural evolution of that. To put more 
of the lower level learning activities 
for students to see outside the 
classrooms and the higher-level 
learning concepts within the 
classroom.” 
   
SC F1 explained, “He will make sure 
the majority of the class understands 
the concept; if he does a clicker 
question and it's all over the board 
and he wasn’t expecting that, he will 
ask the class if they need more help 
and if he sees a lot of head nodding he 
will do another practice problem.” 

Professor T: “I am using the 
curriculum from another professor; 
the power points and assignments 
have already been established in the 
general chemistry classroom.” 
   
SC T1 “I think she explains things 
really well and has good examples and 
it’s not that bad.” 
    
SC T2: “She goes through the slides 
pretty well and I just take notes on the 
slides. If she makes any important 
comments on them, I write that off to 
the slide. I try to write down 
everything that she says . . . she will 
use the math behind it to explain the 
concept itself.” 
    

SC T3: “She reviews for the exams 
and tells us the key concepts we need 
to know and she suggests ways for us 

to study for everything.” 
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Table 4.4 (continued) 

Timing Flipped Traditional 

During Class   SC F2:” They aren’t really a quiz, 
they are just questions but, he tells us 
we can talk before we answer so I 
guess it's like bouncing ideas off each 
other again.” 
    
SC F3: “It [demonstration] was cool 
because it was more visual and 
interactive, other times he has 
magnets- something small for the day. 
Either way, the visuals help me 
remember the subject on exam day.” 
    
SC F4: “Class guided notes, class a 
slide presentation, post class study 
guides, are some of the ways to access 
content.” 
 

 

Outside 
Class 

SC F5: “The pre-readings give a 
general idea of what the class is going 
to be about and I feel like going over 
the material several times helps for it 
to be embedded in your brain. The 
first time you see it, you’re not sure 
when you do the readings and the 
WebAssign.” 
   
SC F6” Explained that reading the 
material before class helped him 
recognize the vocabulary or 
“buzzwords” of a topic and, “I will 
perk up if we are talking about 
electro-connectivity, if I remember it 
from my reading when Professor F 
uses that word and I’ll be paying more 
attention in class because of the pre-
class reading.” 
   

SC T4: “I guess sometimes I wish she 
posted her lectures online.” 
    
SC T5: “Sometimes I really like it 
when she posts worksheets that she has 
made and you know it is coming from 
her and more of those would be 
helpful.” 
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Table 4.4 (continued) 

Timing Flipped Traditional 

Recitation SC F7: “I think those [the recitation 
problems] are Professor F getting us 
to think on a deeper level.” 
 

SC T6: “So what you are seeing in 
recitation is not enrichment it is what 
you need to know.” 
    
SC T7: “It was a set of 4 questions on 
the exam that were exactly the same 
as they were in recitation.” 

Note: SC indicates student comment. F indicates flipped class and T indicates traditional 
classroom. Student comments numbered by class assignment.  

 
Pedagogy 

Pedagogy refers to the professor’s strategies, intent, and approach to teaching the course. 

The results below highlight the pedagogical choices of each professor, and are organized as 

overall class description, common aspects, and defining characteristics for the two instructional 

methods.  

Observations. Observations provided detailed examples of specific pedagogical 

differences between the two classes. Results shown in Table 4.5 below give examples of the 

pedagogical distinctions. 
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Table 4.5 
 
Observation Results About Pedagogy 

Aspect Flipped Traditional 

Class 
Reading 
Assignments 

Written by Professor T specifically 
for this class 
 
Required before content was 
discussed in lecture 
 
Accompanied by WebAssign 
questions to guide reading and 
assess content acquisition 
 
Readings administered through 
Moodle 
 
Readings written in accessible 
language  
 
Additional, voluntary, study guide 
readings available after lecture 
 
Approved online text available 

Professor suggested reading chapter 
before lecture 
 
Available online text 
 

Lecture  Led by a slide presentation and 
guided notes 
 
The middle screen was used to 
project a slide presentation that 
directed the lecture 
 
At times, the middle screen 
alternated to projecting an animated 
example, video or projection of 
demonstration 
 
Left screen was used to display 
guided, handwritten notes 

A slide presentation was projected to 
direct the lecture 
 
Professor used blackboard to work 
through equations with the class 
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Table 4.5 (continued) 

Aspect Flipped Traditional 

Lecture 
(continued) 

Right screen displayed charts or 
tables important to topic 
   
Professor used blackboard to work 
through equations with the class 

 

SRS  
(Clicker 
Questions) 

Clicker questions consistently used 
at beginning of class to review pre-
class readings 
   
Used as formative assessment and to 
guide lecture 
   
Prompted students to work together 
to solve  
   
Gave wait time for thinking 
   
Professor circulated the lecture hall 
during wait time 
   
Also used at other times during 
lecture to assess understanding as 
needed 

NA 
 
 
 
 
 
 
 
 
 
 
 

Cooperative 
Learning During 
Lecture 

Students prompted to discuss with 
people nearby to answer clicker 
questions 
   
Students prompted to work with 
others on equation problems during 
class 

NA 

Demonstrations All observed classes included 
demonstrations except two review 
classes before a test 
   
Animated video used to explain 
some topics; undetermined if these 
were the same as used in traditional 
class 

Modeling was observed once 
   
Animated video used to explain 
some topics; undetermined if these 
were the same as used in flipped 
class. 
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Table 4.5 (continued) 

Aspect Flipped Traditional 

WebAssign 
Assignments 

Graded homework accompanied 
pre-class reading assignments 

 Graded homework due after content 
had been presented in lecture 

Problem sets 
(recitation) 

Problem sets often incorporated 
several concepts  
Problem sets used relevant topics 
that simulated real-world chemistry 
problems 

Problem sets were aligned with the 
topic being taught in lecture 
Problem sets were used as test prep 

Cooperative 
Learning in 
Recitation 

Students worked in groups during 
every observed session 

Students consulted with each other 
occasionally in some sessions 
Students worked together 
consistently in one recitation class 

 
Interviews. Interviews with professors and students not only corroborated the findings 

above, but also provided insight into the motivation of professors and students as they 

participated in these classes as shown in Table 4.6. 

Table 4.6 
 
Interview Results About Pedagogy 

Aspect Flipped Traditional 

Pre-class 
Reading with 
Questions 

SC F8: “I thought his readings 
were a lot more concentrated [than 
the textbook] on what we needed 
to know and this is definitely 
easier.” 
 
SC F9: “The readings make it 
more clear what information is 
necessary and which things we are 
actually going to be tested on as 
opposed to things that are not 
essential to the class . . . the 
readings are more direct.” 

SC T8: “In terms of textbook 
material, that is up to you. She only 
goes through the most important stuff. 
If you want the details then it is up to 
you to read the chapters and do all of 
the suggested problems before the 
exams.” 
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Table 4.6 (continued) 

Aspect Flipped Traditional 

Pre-class 
Reading with 
Questions 
(continued) 

SC F10: “Professor F realizes that 
we are all actually people and is 
able to transcribe those [text] into 
everyday language . . . the readings 
are plain English . . . he makes it 
easier to relate to what I can 
remember.” 
 
SC F11: “I like the flipped version. 
Having the pre-class readings for 
Professor F is very straightforward 
it is what you need to know.” 

Students SC T9: “I don’t think the 
online textbook in terms of teaching 
the material is that great. The 
questions and where you put in an 
answer when you start typing it spits 
out a response its 50/50 on how well 
the textbook works.” 
 
SC T10: “I kind of hate it”, talking 
about the online text. 

Post Class 
Readings 

SC F12:” I do the after-class study 
guides before tests.” 
 
SC F13: “I use the after-class 
readings to study for the tests.”   

NA 

Lecture  SC F14: “The lectures cover more 
than the reading.” 
 
SC F15: “I use my laptop because 
his notes are so structured that I 
can do that very easily and the pre-
class readings are bulleted too so I 
can go through and get a rough 
outline, and then during class I can 
add those notes to it.”  
 
SC F16: “I would say how 
simplified the notes are and how he 
explains something and how he 
always has an example or a 
demonstration to help with the 
concept.”  
 

SC T11: “She is good about waiting 
and talking slowly and leaving the 
slide up there long enough to write it 
all down – usually. She isn’t great at 
explaining when there is math 
involved but other than that she does a 
really good job.” 
 
SC T12: “I frantically take notes. I 
average about 6 pages of notes per 
class. I just feel like I have to get all 
the slides in case I miss.” 
 
 
SC T15: “I use the lecture as an 
introduction to the topic and then I’ll 
go through recitation and lab and then 
I’ll read the textbook before I have to 
do the homework that’s due at the end 
of the week.” 
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Table 4.6 (continued) 

Aspect Flipped Traditional 

Lecture 
(continued) 

 SC T13: “Ok, she goes through the 
slides pretty well. I just take notes on 
the slides. If she makes any important 
comments on them, I write that off to 
the slide. I copy what she has on the 
board and then if she makes a 
comment . . . like if she says, ‘If you 
have iodine you can’t pair it with 
bromine,’ I’ll copy that down off to 
the side. I try to write down 
everything that she says. She will talk 
about molarity and there are so many 
liters of a liquid, and you have or want 
.15 of something or another—she will 
use the math behind it to explain the 
concept itself. Without recitation, I 
would not know how to do those types 
of problems.” 
 
SC T14: “Sometimes she will go 
through 5 problems in a row, just a 
straight 30 minutes. I don’t enjoy that. 
All the problems are based off one 
thing. I don’t think we need 5, 6, 7 
problems that she is wanting to do. I 
would be good with maybe 2 as 
examples and moving on. When that 
happens, I get on my phone and read 
stuff for other classes.” 

SRS  
(Clicker 
Questions) 

SC F17: “He does the clicker stuff 
so when people aren’t getting it 
then he goes into more detail.”                                      
 
SC F18: “They help me to check 
my reading understanding from the 
night before and just to kind of ‘red 
flag’ you should go over this a 
little bit more.”                                                

SC T16: “The clickers [in biology 
class] kept us paying attention to what 
he was saying. Those are what I think 
made me like biology. I have a 
biology minor now. I think the 
clickers would be good for 
chemistry.” 
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Table 4.6 (continued) 

Aspect Flipped Traditional 

SRS (Clicker 
Questions) 
(continued) 

SC F19: “The instant formative 
assessment is helpful.”                      
 
SC F20: “The clicker questions are 
a nice confirmation of how I 
understand.”          
 
SC F21:” Clicker questions are 
measurements on how well you’re 
doing. Professor F will walk 
around to see how you’re doing 
and if we are getting it. If not, he’ll 
ask a student how they should start 
it or he will help them get it 
started.” 
 
SC F22: “They aren’t really a quiz, 
they are just questions, but he tells 
us we can talk before we answer so 
I guess it's like bouncing ideas off 
each other again.” 

 

Cooperative 
Learning 

SC F23: “Talking to people during 
the clicker questions helps me to 
get the concept.” 
 
SC F24: “He wants us to work 
together and that helps us.” 
 
SC F25: “Working through the 
problems with other people helps 
with the process.”  
 
SC F26: “It is really helpful to 
have another person there to talk to 
and give insight and point out 
something you didn’t see before.” 
 
 

SC T17: “I never work with anyone in 
class.” 
 
SC T18: “We don’t have breaks 
where we work on problems or 
anything. It is just lecture the whole 
way through.” 
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Table 4.6 (continued) 

Aspect Flipped Traditional 

Cooperative 
Learning 
(continued) 

SC F27: “The people around me 
are talking about chemistry. I'm 
sure not everyone is not 100% but 
it seems like I am seeing people on 
topic. He also encourages us to talk 
with our neighbor so that’s good. I 
think it really helps when people 
talk to each other and really try and 
work toward the problem together 
and learn the material at the same 
time.” 

 

Demonstrations SC F28: “Instead of being the 
same thing every day--not just 
notes--it gets you excited because 
you’re like, ‘Is he going to blow 
something up?’ and I’m interested 
in that and then I can connect it to 
the notes.” 
 
SC F28: “He always has an 
example or a demonstration to help 
with the concept.” 
 
SC F30: “The demos are very 
helpful in explaining concepts.” 
 
SC F35: “There were questions 
last week that had to do with 
climates and acid base reactions 
and I thought, Oh, I am glad he is 
bringing this out into the real world 
so we can actually see how this is 
happening in our everyday life 
instead of just in a beaker.” 
 
 
 

SC T19: “I know when she was trying 
to teach how atoms are structured she 
pulled out the kit and showed different 
atoms and bonds.” 
 
SC T21: “She has videos sometimes 
and she brought in 3D molecules 
when we were doing Vesper theories 
and stuff so she could give us a 
visual.” 
 
SC T20: “There were a couple of 
times that we have had a couple of 
videos or some sort of visual 
demonstration. She usually talks over 
the video and then when we were 
talking about shapes of molecules she 
had shapes – models of molecules to 
show the class what they would look 
like in 3 dimensions. It was helpful…. 
I think more would be helpful.”  
 
SC T22: “She doesn’t do 
demonstrations that much…. I think 
more would be helpful.”  
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Table 4.6 (continued) 

Aspect Flipped Traditional 

Demonstrations 
(continued) 

SC F31: “It’s typical for him to 
have something every day. There 
have been some days when there 
has been more advanced 
experiments. One time where there 
were more light bulbs lined up and 
we were trying to see how different 
solutions and concentrations would 
conduct electricity. It was cool 
because it was more visual and 
interactive and other times he has 
magnets- something small for the 
day.” 
 
SC F33: “He does a hands-on 
demonstration as much as possible, 
almost every lecture. He has shown 
a couple of videos also. It helps 
when he has a hands-on 
demonstration because you will see 
the direct effect of why this thing is 
rusting or oxidizing and we dive a 
little deeper under the surface and 
do the equation and find out why 
this is happening.”  
 
SC F34: “Usually at least once a 
week. When he does it is very 
helpful. I remember he did a rate 
question where he took two 
different beakers with two different 
levels of water and he showed that 
the rates equaled out but because 
they started with different amounts 
they ended with different amounts 
and it was really good with helping 
me grasp that certain concept. I 
thought it made a lot of sense.” 
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Table 4.6 (continued) 

Aspect Flipped Traditional 

Demonstrations 
(continued) 

SC F32: “I think the visual does 
help me…. In exams I can think 
about what he did that day and 
work my way through it and the 
conceptual stuff behind it.” 

 

WebAssign 
Assignments 

SC F36: “I really like the pre-class 
readings and assignments.”    
 
SC F37: “The format is set up so it 
is fairly easy to grasp the 
homework and so you come into 
lecture with an actual idea of what 
you are doing instead of feeling 
like you have no clue of what this 
is and trying to figure it out after 
lecture.” 

SC T23: “I read the text to do the 
WebAssign homework…. It is due 
after the class.” 

Problem sets 
(recitation) 

SC F38: “I think those are him 
getting us to think on a deeper 
level . . . getting us to use a little 
bit more brain power. In the 
traditional classes the recitation 
lines up perfectly with what they 
had in class and it's just practice 
and they are going to see it on the 
test, and in his class you’re going 
to see more enrichment questions 
and you are going to see things that 
are out of the envelope and most 
kids have the same reaction, ‘I 
don’t know where that is coming 
from.’ It’s him trying to give you 
something different.” 
 
SC F38: “They are application. It 
doesn’t really go along with the 
test but it helps you gain a better 
understanding of the material in 
general.” 

 SC T24: “It just goes more in depth 
with what we learned in class. Like, 
last week we went over rate laws and 
we did it more in depth than what we 
did in class. We only did 1 or 2 
examples in class. In recitation we did 
almost 10 problems and those are 
going to be more useful.” 
 
SC T25: “She gives us a lot of good 
practice problems and examples for 
everything . . . so what you are seeing 
in recitation is not enrichment, it is 
what you need to know.” 
 
SC T26: “It’s [recitation] been pretty 
aligned and I think the TA 
communicates with the professor a lot 
on the material that they are doing.” 
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Table 4.6 (continued) 

Aspect Flipped Traditional 

Problem sets 
(recitation) 
(continued) 

SC F40: “Recitation feels really 
different from everything else. It 
feels independent from everything. 
A lot of times what we go over in 
recitation its either harder than 
what we do in class or on tests and 
it doesn’t always feel like it 
relates.” 
 
SC F41: “The questions are hard 
enough that not everyone is going 
to have all of the answers so a lot 
of people have pieces and it takes 
some talking to put it all together. 

SC T27: “It was a set of four 
questions on the exam that were 
exactly the same as they were in 
recitation.” 
S C T28: “I work with other people in 
recitation and it helps. I just got out of 
recitation and we were working on 
worksheet and I was stuck on a 
problem and I was able to consult my 
peers and it was nice.”  
 
 

Cooperative 
learning 
(recitation) 
 

SC F42: “We all bounce ideas off 
of each other and there is still the 
TA there in case we get stuck or 
anything. That’s beneficial. It helps 
keep us on topic and gives us help 
with what we are trying to do. 
Since the work is harder than what 
we do in class the TA helps.”  
 
SC F43: “Working in groups I 
think it is beneficial. You have the 
worksheet out in front of you and it 
is easier. The questions are more 
tricky then we are used to. We also 
complain when we see the 
worksheet and it is really helpful to 
have someone to work with.” 
 
SC F44: “The additional people in 
there are additional sources that I 
use to help and I like to help 
people too.” 
 
 

SC T29: “I think we are supposed to 
be collaborating with people in the 
class although it doesn’t really happen 
is what I have noticed. It tends to get 
really quiet and everyone is working 
on their worksheet and people are 
weird about talking. But we do sit at 
tables with people and there have been 
a few times where I have talked to 
people next to me but most of the time 
it is an individual effort. But, I know 
the TA is very open to you asking 
questions and he always does an 
introduction before you get the 
worksheet which is very helpful.” 

 
 
 



 

 

85 
 

Table 4.6 (continued) 

Aspect Flipped Traditional 

Cooperative 
learning 
(recitation) 
(continued) 

SC F45: “We talk a lot more than 
in class about how to do things and 
we kind of ask how each other got 
it or if we got it and how we did. If 
the entire table didn’t get it the TA 
will come over and help us. It 
helps to try and figure out how to 
do the problems. One person may 
know how to do part A and another 
part B and we can all put it 
together to get part C from that or 
something.” 

 SC T30:” If I get stuck I can ask the 
person next to me other than that I am 
pretty independent in my studies I 
guess, I just do my work on my own. 
If we have questions we can ask the 
people around us or we can ask him.” 
 
SC T31: “We have the option to work 
with each other but generally people 
work independently on the problems 
that are given.” 
 
SC T32: “I work on my own.” 
 
SC T33 and SC T34: “No one wants 
to talk to another person. It’s hard to 
strike up a conversation and work 
with someone. I’ll go ask the TA if 
I’m struggling with a problem and that 
gets the job done. I do like how open 
it is to ask questions.” 

Note: SC indicates student comment. F indicates flipped class and T indicates traditional 
classroom. Student comments numbered by class assignment.  

 
Technology 

Technology played a key role in the comparison of these two classes. While both 

professors and both classes of students had access to identical technology, the instructional 

approach of the professor was identified in observations and interviews as the determining factor 

in how the technology was utilized, as summarized in Table 4.7 below, as it occurred during 

class, outside of class, and during recitation sessions.  

  



 

 

86 
 

Table 4.7 
 
Technology Overview 

Timing Flipped Traditional 

During Class Professor utilizes several different 
pieces of equipment and presentation 
software 
 
Slides outline the main points of the 
lecture 
 
Handwritten guided notes are 
projected using a document camera  
 
Camera over the front lab bench 
projects demonstrations another  
 
Separate projector for side screen 
used for static display of charts such 
as Periodic Table  
 
Student Response System is used for 
formative assessment 

Slides outline the main points of the 
lecture and is projected on several 
screens 
 

Outside of 
Class 

Moodle is the class online platform 
WebAssign is used to administer 
assignments 

WebAssign is used to administer 
assignments 
 

Recitation Standard presentation equipment and 
software are available in each room 

Standard presentation equipment and 
software are available in each room 

 
 

Observations. Observations from both classes show clear patterns in the use of 

technology. These patterns were tabulated by the coding system categories as modified for this 

study and are shown in Table 4.8 below. 
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Table 4.8 
 
Observation Results About Technology 

Aspect Flipped Traditional 

In-Class 
Technology 

Professor utilizes several different 
pieces of equipment and presentation 
software 
 
A slide presentation outlined the main 
points of the lecture 
 
Handwritten guided notes were 
projected using a document camera  
 
Camera over the front lab bench 
projects demonstrations another  
 
Separate projector for side screen 
used for static display of charts such 
as Periodic Table  
 
Clicker Questions used for formative 
assessment 
 
Standard presentation equipment and 
software are available in each room 

Slides outline the main points of the 
lecture and is projected on several 
screens 
 
Standard presentation equipment and 
software are available in each room 
 

Online 
Technology 

Moodle is the class online platform 
WebAssign is used to administer 
assignments 

WebAssign is used to administer 
assignments 
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Interviews. Interviews with professors and students specified exactly how technology 

was utilized and how its use was perceived, as reported in Table 4.9 below. 

Table 4.9 
 
Student Interview Results About Technology 

Aspect Flipped Traditional 

In-Class 
Technology 

SC F46: “I use my laptop because his 
notes are so structured that I can do 
that very easily and the pre-class 
readings are bulleted too so I can go 
through and get a rough outline and 
then during class I can add those 
notes.” 
 
SC F47: “As a professor they have a 
lot of technology at their disposal and 
he has 8 screens that he can put 
anything on. He is one of the only 
professors that uses those screens as 
effectively as possible. It’s how he 
gets the most out of the class-guided 
notes on one, one with a camera feed 
showing the experiment that day, one 
with a table of reaction potentials or 
something useful. It's pretty 
interesting. It sounds like a lot of 
information, but it's not really an 
overload. He has done a good job of 
balancing that.” 
 
SC F48: “He does clicker questions at 
the beginning of class that pertain to 
what we did for homework and tries 
to figure out what we understand from 
that and then he directs the class from 
there. Classes are very well paced, he 
has them up for a while so even if you 
don’t get them while he’s talking 
about it they are still there.  

SC T35: “You have to take notes on 
paper with her and she doesn’t upload 
any of her notes any information you 
have from that class is either from the 
book or what you have written down 
during lecture. She doesn’t give you 
the opportunity to get any of it online. 
She also says specifically that unless 
you have a medical or some sort of 
psychological reason, and you have to 
have a note for it, no laptops.” 
 
SC T36: “One thing, she sometimes 
goes kind of fast in the slides. I try to 
listen and absorb what she says but it 
is very hard to write it all down and 
listen and I look up and the slide has 
changed.” 
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Table 4.9 (continued) 

Aspect Flipped Traditional 

 He also uses three screens and the 
middle screen is where he works out 
problems and the others have the 
notes on it. It’s easy to get everything- 
the three screens are nice.” 

 
 
 

Online 
Technology 

SC F49: “Pre-class readings always 
available, web assigns, post class 
study guides always available. It’s 
really helpful that they are always 
available on Moodle, it is really nice 
to have it there when I go back to 
study.” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SC T37: “I think having more online 
resources. We have the ppts for the 
labs- those are pretty helpful but Dr. T 
doesn’t post her lectures, so if you 
missed class you have no idea what 
she talked about unless you have a 
friend who gives you the notes. And 
then more in class exercises – not 
more but more meaningful in class 
exercises.” 
 
SC T38: “I wish she had her lecture 
notes online but I know she doesn’t 
because they are an incentive to come 
to class and if she did put them online 
more students wouldn’t come to 
class.” 
 
SC T39: “I guess sometimes I wish 
she posted her lectures online. Also, 
sometimes there are charts, pictures or 
videos that you can’t find otherwise, 
that would help.” 
 
SC T40: “Having the slides available 
would help. She has the perfect 
vehicle to do it with WebAssign.” 
 
SC T41: “Textbook online: I would 
prefer a tangible copy. I don’t like 
looking at a screen for a long time.” 

Note: SC indicates student comment. F indicates flipped class and T indicates traditional 
classroom. Student comments are numbered by class assignment.  
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Effects Associated with Flipped Instructional Approach 

The second research question builds on the descriptive information from the first 

question, and examines effects associated with the flipped instructional approach in terms of 

motivation and understanding of chemistry presented in the course.  

Motivation. Wentzel and Miele (2009) defined motivation as the energy and persistence 

students bring. In this study, motivation was examined as applied to the tasks associated with 

learning chemistry. Additionally, the qualitative parameters of intrinsic and extrinsic motivation 

provide framing for the discussion of student success as they provide a context of associated 

motivation. Three data sources provided insight about the students’ motivation: observations, 

interviews, and self-report through the CMQII Questionnaire. Observational and interview data 

are shown in Tables 4.10 and 4.11 below. 

Table 4.10 
 
Observation Results About Motivation 

Motivation Flipped Traditional 
    

Self-Determination 
 
     Autonomy 

Professor and TAs respond to 
students with respect  
 
Student centric parameters  
Guided Notes in lecture help 
students  
 
Slides guide the lecture 
 
Clicker Questions provide formative 
assessment and drive the direction of 
lecture toward student needs 
 
 

Professor and TAs respond to 
students with respect  
 
Slides guide the lecture 
 
TA's interact with students in 
recitation; answer questions are 
responsive to student needs  
 
One recitation class has the same TA 
for lab also and this class has 
become very close emotionally and 
academically; they are very 
comfortable with each other and 
seem to enjoy class. 
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Table 4.10 (continued) 

Motivation Flipped Traditional 
    

Self-Determination 
 
       Autonomy  
       (continued) 

    

Demonstrations exemplify content 
for student understanding 
Recitation: cooperative learning 
TA's help individuals and groups as 
needed, always speak to students 
with respect and approach them at 
their level of understanding and are 
responsive to email 

 

     Relatedness Professor walks around classroom 
interacting with students on 
problems 
 
Professor encourages cooperative 
learning and student discussion  
 
Students work together on clicker 
questions and other problems in 
class 
 
Professor and TA's are responsive 
with email 
 
TA's are personable and helpful in 
recitation 

Professor and TA's are responsive 
with Emails.  
 
TA's are personable and helpful in 
recitation.  
 
One TA is particularly close to her 
students as she also has some of 
them in lab. 

Self-Efficacy 
    

     Well-being 
Students work together during class 
Students work together during all 
recitation sessions 

Students work together during one 
recitation session 
 
 

Extrinsic Recitation is graded on attendance 
 

Recitation is graded on attendance 

     Career Required class 
  

Required class  

     Grades Exam review sessions in recitation 
 
Exam prep discussed in lecture 
 
Additional test prep material 
available on Moodle and textbook 

Exam prep and review sessions in 
recitation 
Exam prep discussed in lecture 
 
Additional test prep material 
available on WebAssign and 
textbook 
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Table 4.11 
Interview Results About Motivation 

Category Flipped Traditional 

    

Self-Determination 
 
     Autonomy 

    

SC F50: “And he does the clicker 
stuff so when people aren’t getting 
it then he goes into more detail. He 
says, ‘Do you guys need more 
time?’ And that helps with people 
who didn’t get it in high school or 
just don’t understand. He has a 
really good way to explain things 
the way they make sense.”                                         
 
SC F51: “In general it's not a bad 
environment to ask questions in, 
even though it’s a large lecture.”         
 
SC F52: “Options on how to learn: 
I Believe so. It’s probably because 
I have Professor Flipped. I really 
appreciate the way he teaches. He 
makes things simple. I think he 
provided a lot of resources and we 
have access too – he tries to help 
us in any way he can.”  
 
SC F53: “He tells us what our 
goals are for each section and 
breaks it down. He has study 
guides at the end of every pre-class 
reading and there is a study guide 
for the test and there are plenty of 
resources for the test and I feel like 
it is a pretty good class to be in if 
you are trying to do well.”  
 

    

SC T42: “I don’t like class- I will say 
that. It’s a lot of concepts and lot of 
information in every unit. But, it’s a 
good class overall. When the teacher 
explains it, I don’t understand it. 
When the TA does, I don’t know 
what she does but it is so much easier 
when it is just her. Cause I think it’s 
more of the hands-on aspect- that’s 
what it is.” 
 
SC T43: “Professor T will have a 
problem on the slide and she will 
work it out. I copy the work that she 
does. I feel it’s easy in the recitation 
because in the class it’s more fast 
paced and its harder to ask questions. 
It’s better to ask those questions in 
the recitation class or the SI after 
class.” 
 
SC T44: “Yes, we have enough 
different ways to learn the chemistry. 
Professor T asks for questions and 
they are answered. I wish she had her 
lecture notes on line but I know she 
doesn’t because they are an incentive 
to come to class and if she did put 
them online more students wouldn’t 
come to class.”   
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Table 4.11 (continued) 

Category Flipped Traditional 

Self-Determination 
 

     Autonomy 
     (continued) 
 

SC F54: “I think he is very good 
when he answers them [student 
questions]. I went to him for a 
question after class and I thought 
he did a good job of explaining it. I 
understand what I am supposed to 
do now.”  
 
SC F55: “Yes. It’s very fair [the 
class]. The tests are always fair 
game. His tests are the most fair of 
the classes I have taken here. If he 
covers it in lecture, expect it on the 
test.” 
 
 

SC T45: “She always stops and has a 
slide after each section that says 
QUESTIONS and she asks for 
questions and it’s not often that 
questions are asked though. You have 
to take notes on paper with her and 
she doesn’t upload any of her notes 
any information you have from that 
class is either from the book or what 
you have written down during lecture. 
She doesn’t give you the opportunity 
to get any of it online. She also says 
specifically that unless you have a 
medical or some sort of psychological 
reason, and you have to have a note 
for it, no laptops.” 
 
SC T46: “The TA is super nice and 
helpful and answers all questions and 
if you show any flicker of interest in 
it he goes above and beyond and tell 
you more than you ever thought you 
wanted to know/this class is 
dangerous to not be at because you 
don’t have any other opportunity to 
get the notes. I had to miss last week 
because I was sick. So, I asked her, 
she always brings her binder that has 
the printed-out slides and she let me 
take pictures of them.” 
 
SC T78: “People do take advantage 
of Tutoring and SI. Some people just 
need her lecture notes and I need 
more than her lecture notes I am not a 
fast writer. That’s why I take notes on 
the textbook. So, there is multiple 
ways you can study for it. I know 
some people that have found websites 
that utilize that.  
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Table 4.11 (continued) 

Category Flipped Traditional 

Self-Determination 
 

     Autonomy 
     (continued) 
 

 

I think there is good variety. She 
reviews for the exams and tells us the 
key concepts we need to know and 
she suggests ways for us to study for 
everything . . . and always reminds 
people that they need to work on this 
consistently all the time.” 
 
SC T47: “In a huge class like that it is 
very intimidating to ask questions. I 
think there is probably um, 2 or 3 
questions asked for 75 minutes of 
instruction. That seems a little low.” 

    

Self-Determination 
    

     Relatedness 

    

SC F56: “I have 2 girls I sit next to 
that if we are having trouble with 
stuff we will talk about. I do talk to 
them when he says, ‘talk to your 
neighbor’. It’s good because you 
do get something from somebody 
else that you weren’t thinking 
about.”                                                                      
 
SC F56: “I do think it’s helpful 
[recitation] though because you 
have to all work together and to get 
your grade in. It helps because 
you’ll get someone who is 
struggling with someone who is 
really good at the chemistry and 
they people I work with well, I 
think all of them are really good 
students but, two of them are really 
smart and if I’m not understanding 
something they are like, ‘no, no, no 
it’s actually this’ and I’m like, ‘Ok’ 
so it helps that you get to work 
together.” 

    

SC T79: “I look at the textbook and 
over my notes. And then I email the 
professor .and she is responsive to 
email. In recitation the generally 
knows the answer. Sometimes if he 
doesn’t know he will look into and 
send out an email later.” 
 
SC T48: “We don’t have time to do 
the problems in class or work 
together she just does the problems. 
Like, it will be ‘Calculate the 
Molarity . . .’ and she will do it on the 
board in front of everyone. There is 
no interaction, she explains what the 
concept does, there is no interactions 
with students.” When asked about 
recitation, “I feel like that should be a 
rule. That you should have the same 
person for recitation and lab so you 
get to know her and she gets to know 
you and you have a relationship.” 
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Table 4.11 (continued) 

Category Flipped Traditional 
    

Self-Determination 
      Relatedness 
     (continued) 
 
  
 
 
 
 
 
 
 

    

SC F57: “I do [talk to people 
during class] I did not know them 
beforehand. I just made friends 
with them. So, I hang out with 
them. I sit by my friend Miranda. 
We also study for the tests together 
and then the SI teacher sits behind 
us.”                                                 
 
SC F58: “Working with others on 
clicker questions helps. Working in 
groups in recitation is better than 
individually.”                      
 
SC F59: “Sometimes other 
students understand things 
differently and then they can 
explain it to me differently than the 
professor and it makes a lot more 
sense and it helps with the anxiety 
I felt regarding taking chemistry.”       
 
SC F60: “Recitation-the questions 
are hard enough that not everyone 
is going to have all of the answers 
so a lot of people have pieces and 
it takes some talking to put it all 
together.”          
 
SC F61: “I have a study partner I 
found in class. . . the professor has 
provided more than enough help 
probably - more than he really 
should have. The Moodle helps, SI, 
university tutoring, I think 
everything has been provided for 
me. I just have to take advantage of 
it.”  

    

SC T49: “I would wait until the 
problem session and ask my teacher 
or I go to SI after class, which I 
usually do.” 
 
SC T50: “SI is nice, you work in a 
small group and if you have questions 
on a topic it’s not scary to ask the 
people in the group. You have this 
collaborative effort where it’s a 
meeting of the minds.” 
 
SC T51: “I do not work with anyone 
in class or study with anyone.” 
 
SC T52: “Yes, I have a really good 
TA instructor. He is very helpful. He 
keeps things simple. He doesn’t like 
BS. He will tell us if we need to know 
it or he’ll simplify for us. He likes to 
keep it simple but make sure we 
understand what he is teaching.” 
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Table 4.11 (continued) 

Category Flipped Traditional 
    

Self-Determination 
    

     Relatedness 
      (continued) 
 

    

SC F62: “Getting to talk in class 
helps us meet people because you 
are in the same situation. 
Especially at the start of chemistry 
everybody is intimidated and it’s a 
good topic to get to discuss. And 
he tells us to talk to each other.” 
 
SC F63: “My TA is named Dan I 
always talk to him and the fact that 
it’s a smaller setting and you’re in 
groups you can just ask – he’s 
there to help you.”   
 
SC F64: “Questions are hard to ask 
in large lecture but I can ask better 
questions in recitation. There aren’t 
that many questions. The TA is 
very helpful and whenever I have a 
question he always explains it to 
me.” 
 

 

      

Self-Efficacy 
      

     Well-being 

      

SC F66: “Chemistry is not my 
strongest but coming into the 
classroom, the way he talks and his 
body language and having a bunch 
of people around you and being 
able to talk to them it is a more 
comfortable and safe zone and it’s 
not just like sitting down and 
taking notes for a straight 50 
minutes which is so intimidating.” 
 
SC F67: “I like because you don’t 
want to put the wrong pressure on 
people. If you grade it for how 
many correct answers, people get 
too stressed out, they try and finish  

      

SC T53: "It’s funny; I feel 
comfortable in the lab and recitation, 
but in the lecture I don’t [because] it’s 
boring, I can’t tell what makes it 
boring. The teacher does a good job 
for what she’s trying to do. I think it’s 
the fact that I’m not as interested in 
chemistry as I am in biology. So, it’s 
the ME part that is making it boring. I 
don’t like class- I will say that. It’s a 
lot of concepts and lot of information 
in every unit. But, it’s a good class 
overall. When the teacher explains it, 
I don’t understand it. When my TA 
does it she does, I don’t know what 
she does but it is so much easier when  
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Table 4.11 (continued) 

Category Flipped Traditional 
      

Self-Efficacy 
      

     Well-being 

    

SC F67 “in a shorter amount of 
time and they are too worried on a 
specific part. Grading on 
attendance is, ‘be here, it's 
important that you be here, we 
want you to learn this and of 
course try but, it’s not going to 
negatively impact me’ if I do it is 
going to be good for me and there 
isn’t negative pressure.” 
 

    

SC T53 (continued): it is just her. 
Cause I think it is more of the hands-
on aspect- that’s what it is.” 

    

Intrinsic 
SC F68: “I had some anxiety 
before taking class, in some of my 
other classes they are graded 
[clicker questions] and that adds a 
bunch of stress to them. I like the 
fact that they are not graded and 
you can work on it with a lot of 
other people. You get instant 
feedback on what you put down, 
what you thought was right and 
what was actually right.” 
 
SC F69: “Sometimes other 
students understand things 
differently and then they can 
explain it to me differently than the 
professor and it makes a lot more 
sense and it helps with the anxiety 
she felt regarding taking 
chemistry.”   
 
SC F70: “His tests are aligned with 
what he says in the readings but if I 
don’t want to just get the good 
grade and be done, I need to learn 
the material well because it could 
influence me in another class, I just 

N/A 
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Table 4.11 (continued) 

Category Flipped Traditional 
     

Intrinsic (continued) 

 

SC F70 (continued) like to know 
stuff. Having the grade is nice but I 
am becoming a residential advisor 
next year and I am going to have 
students to help with their studies 
and I am going to be helping them 
with them and I want to be able to 
help them with more than the 
methodical way- I like to learn the 
whole process behind it more than 
just the method. The grade is just 
when you attend so it’s just like 
there isn’t the pressure- the 
problem session is for asking the 
questions.” 
 
SC F71: “It is nice to see how the 
this is applicable because this is all 
theory and you work on some stuff 
in the lab but the lab doesn’t 
always match up to lecture so this 
is nice to see how it works with the 
materials he uses helpful for 
someone who truly wants to learn 
it and not just pass the class and 
get a grade/ would say one thing 
about the clicker questions. They 
are not graded so there is not a lot 
of pressure to get those right. I like 
that it is only homework that is 
graded. You get a few chances on 
the problems. You don’t have the 
pressure of coming to lecture 
having to know everything you just 
have to have a pretty good 
knowledge of it to solidify what 
you learn in class. He will correct 
you if you are on the completely 
wrong track.” 
 

 

 N/A 

   



 

 

99 
 

Table 4.11 (continued) 

 

Category Flipped Traditional 
     

Intrinsic (continued) 

 

SC F72 (continued): “Class feels 
safe, it's not stressful. I don’t show 
up to class feeling like I need to 
know everything. The SCALE UP 
I have for Biology you have to be 
very attentive during lecture 
because if you miss anything and 
try and do the assignment during 
class if you don’t get it correct you 
could be penalized so I feel that I 
have to be more prepared for 
biology lectures which adds to the 
stress.” 
 
SC F73: “I would say that in the 
units, he wants to squeeze a hands-
on demonstration as much as 
possible - almost every lecture. He 
has shown a couple of videos also 
it helps when he has a hands-on 
demonstration because you will see 
the direct effect of why this thing is 
rusting or oxidizing and we dive a 
little deeper under the surface and 
do the equation and find out why 
this is happening That helps me as 
a student.” 
 

 

Extrinsic N/A SC T54: “I wish she had her lecture 
notes on line but I know she doesn’t 
because they are an incentive to come 
to class and if she did put them online 
more students wouldn’t come to 
class.” 
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Table 4.11 (continued) 

Category Flipped Traditional 
    

Extrinsic 
     Career 
     (continued) 
 
     Grades 

   

SC F74: “This is a required class 
for me.” (All interviewed students 
had a similar response.)  
 
SC F75: “At times I think they 
[recitation] are a waste of time. 
They are extra practice I 
understand that but, the timing is 
sometimes ahead of what we are 
learning.” 
 
SC F75 talking about recitation: 
“I’m just trying to figure it out so 
the extra stuff is just making it 
harder for me to get what I needed 
to know. It’s distracting to what I 
should actually be studying.”   
 
SC F76: “I definitely feel that 
recitation could be run in a better 
manner. The questions in recitation 
do not correspond with what is on 
the test. It would be much more 
helpful to do practice test problems 
than trying to focus on questions 
that are more in depth that we are 
never going to see again.” 
 
SC F77: “I need a good grade to 
make sure my GPA is good enough 
to get into CODA.” 

   

SC T55: “This is a required class for  
my degree.” (All interviewed students 
had a similar response.) 
 
SC T56: “I have gone to SI a couple 
of times before exams when they do 
the exam review.”  
 
SC T57: “Recitation problems 
usually end up on the test; it helps 
with test prep.” 
 
SC T58: “What you do in recitation is 
always related to the tests.” 

  
Engagement. While both professors were successful in keeping their classes engaged, 

every flipped class observation was ranked at high engagement, 80% of students actively 

engaged in the class or higher according to the COPUS (Smith, Jones, Gilbert, & Wieman, 2013) 

rating scale and the traditional class had mostly medium, or a substantial fraction of students 

both clearly engaged and clearly not engaged.   
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CMQII Results. The CMQII (Glynn, Taasoobshirazi, & Brickman, 2009) was used to 

investigate students’ motivation regarding learning chemistry. It was administered once to each 

class, online with WebAssign, near the end of the semester, and included the 25 questions of the 

CMQII as well as additional questions to ascertain permission to use results in this study and the 

student’s interest in being interviewed. Class responses were compared by each of the five types 

of motivation addressed in the CMQII. Table 4.12 provides descriptive statistics about the results 

for each motivation category by class. 

Table 4.12  

CMQII Descriptive Statistics of Motivation Category by Class. 

Category M SD 

Self-Determination, F 13.14 3.38 
Self-Determination, T 11.60 4.39 
Self-Efficacy, F 11.58 4.23 
Self-Efficacy, T 10.36 4.82 
Intrinsic, F 9.65 3.41 
Intrinsic, T 9.00 5.83 
Grade, F 16.94 2.88 
Grade, T 15.96 2.96 
Career, F 11.70 4.72 
Career, T 11.36 5.98 
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Figure 4.2. CMQII Motivation Category by Class. Each category had a total of 20 points 
available.  

 

In addition to these descriptive statistics, a t-test was conducted between the two classes 

for each of the five motivational categories. The t-tests revealed a significant difference between 

the flipped and traditional classes for the category of Self-Determination (t [151] = 2.05, p =.04). 

The other categories were not significantly different: Career Motivation (t [151] = .33, p = .74), 

Self- Efficacy (t [151] = 1.35, p = .18, Intrinsic Motivation (t [151] = .78, p = .43) and Grade 

Motivation (t [151] = 1.62, p =.11.  
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Understanding of Chemistry. Exam scores and course grades are widely accepted 

measures of student understanding of chemistry. A summary of descriptive statistics for exam, 

shared subset, course total and final grade values is provided in Table 4.13.  

 
Table 4.13  

Descriptive Statistics for Final Exam, Shared Subset, and Course Total by Class 

Category M SD Median Min Max Range 

Final Exam (F) 66.01% 18.19% 70.0% 0.0% 97.0% 97.0% 

Final Exam (T) 66.90% 20.51% 68.92% 0.0% 100.0% 100.0% 

Shared Subset (F) 67.87% 19.32% 70.0% 0.0% 100.0% 100.0% 

Shared Subset (T) 66.39% 20.87% 70.0% 10.0% 100.0% 90.0% 

Course Total (F) 72.09% 17.26% 75.65% 3.93% 97.22% 93.29% 

Course Total (T) 72.86% 16.28% 75.49% 0.17% 98.75% 97.58% 
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Figure 4.3. Mean Statistics for Final Exam, Final Exam Shared Subset, and Course Total by 
Class with Standard Error. 

 
To examine the probability that the differences in values by class were significant, a 

standard, unpaired, t-test was computed for each pair of measures. These tests did not show a 

significant difference between the classes for final exam (t [361] = .43, p = .67) or subset scores 

(t [347] = .67, p =.50). Final averages for the course were also not significantly different (t [383] 

= .43, p = .67). 

Comparison using activity theory 

An analysis of the flipped approach was conducted using activity theory (Engestrom, 

1999) because activity theory addresses a range of activities associated with various instructional 

environments. This analysis stage was selected to examine the activities of each class as they 

were associated with student success in order to identify patterns in this study data. In order to 

gain a more comprehensive consideration of the complexity of the undergraduate chemistry 

courses studied within this comparison, it became necessary to find a suitable theoretical 

framework to examine the various interactions and activities within the learning environments. 
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An itemized comparison of the two classes from the framework of activity theory is expressed in 

Table 4.15 below.  

Table 4.15 
 
Comparison of the Flipped and Traditional Approaches using Activity Theory 

AT Tenet Traditional Class Flipped Class 

Subject Undergraduate STEM students Undergraduate STEM students 

Tools & 
Mediating 
Artifacts 

Standards and learning objectives: 
Most fundamental chemistry concepts  
 
Pedagogy: Direct instruction 
 
Curriculum: Lecture, homework, 
textbook readings, problem sets in 
recitation, occasional demonstrations, 
quizzes and tests 
 
 
 
Technology: Hardware and 
presentation software 
 
WebAssign 
 
 
 
Department online textbook 
Science supplies 

Standards and learning objectives: 
Most fundamental chemistry concepts  
 
Pedagogy: Flipped approach 
 
Curriculum: Integration of active 
learning such as cooperative learning 
during lecture, pre-class content 
assignments, consistent 
demonstrations, clicker questions, 
quizzes and tests 
 
Technology: Hardware and 
presentation software 
 
WebAssign 
Moodle 
Student Response System (clickers) 
 
Department online textbook 
Science supplies 

Rules Safety rules of the department 
 
Procedures of the classroom: 
Traditional classroom expectation 

Safety rules of the department 
 
Procedures of the classroom:  
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Table 4.15 (continued) 

AT Tenet Traditional Class Flipped Class 

Rules 
(continued) 

Procedures for the use of the online 
classroom platforms 
  
Administrative rules accessing science 
supplies, required texts, software and 
hardware  
 
Administrative rules for managing 
students 
 
Grading rules of department 
 

Flipped classroom procedures 
Procedures for the use of the online 
classroom platforms  
 
Administrative rules accessing science 
supplies, required texts, software and 
hardware  
 
Administrative rules for managing 
students 
 
Grading rules of department 

Community Professor, teaching-assistants, 
students, tech support, administrative 
staff, janitorial staff, department 
administration 

Professor, teaching-assistants, 
students, tech support, administrative 
staff, janitorial staff, department 
administration 
 

Object/ 
Outcome 

Students understand and can apply 
General chemistry concepts 

Students understand and can apply 
general chemistry concepts 
 

Division of 
Labor 

Professor orchestrated general 
chemistry curriculum. 
 
Professors and TA’s arranged and 
adapted curriculum for the classroom, 
including online platform for 
assignments and readings. 
 
Tech support: Set up and maintained 
smart board, projector and computer. 
 
Students: Completed the assignments 
 
Janitors: Disinfected after lab and 
maintained room.  

Professor orchestrated general 
chemistry curriculum. 
 
Professors and TA’s arranged and 
adapted curriculum for the classroom, 
including online platform for 
assignments and readings. 
 
Tech support: Set up and maintained 
smart board, projector and computer. 
 
Students: Completed the assignments 
 
Janitors: disinfect after lab and 
maintained room. 
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Table 4.15 (continued) 

AT Tenet Traditional Class Flipped Class 

Division of 
Labor 
(continued) 

Department: Managed science 
supplies, classrooms, labs and tutorial 
centers, department budgets and class 
schedules, personnel 
 
University: Finances to departments, 
manages facilitates and students 
 
State: provided funding and oversight 

Department: Managed science 
supplies, classrooms, labs and tutorial 
centers, department budgets and class 
schedules, personnel 
 
University: Finances to departments, 
manages facilitates and students 
 
State: provided funding and oversight 
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CHAPTER FIVE: DISCUSSION AND CONCLUSIONS 
  

 The results from both the qualitative and quantitative measures for each research question 

were reported in chapter four. This chapter is a discussion of the results pertaining to each 

research question along with an explanation of these findings. Also included are implications of 

the results for practice in other general chemistry courses as well as for future research are 

discussed in this chapter.  

 While previous studies showed positive outcomes regarding educational markers, such as 

academic performance and attendance, in flipped undergraduate science classes (Beichner, Saul, 

Allain, Deardorff & Abbott, 2000; Bristol, 2014), the pedagogical and curriculum changes of the 

flipped general chemistry class of this study was shown to increase student engagement and 

motivation, at the self-determination marker. The reallocation of time enabled the lecture and 

recitation sessions be used to build relationships between instructors and students, and students 

to students through cooperative learning and interactive discussions. Students benefited from 

repurposing the time spent in class by shifting the burden of content acquisition to the pre-class 

assignments allowing for more engaging activities, discussions, formative assessment and 

problem-solving during class that, as reported by students, moved their understanding to a deeper 

level. The technology decisions that were made in the flipped chemistry class allowed students to 

have complete access to class information at all times with several avenues of dissemination 

during class; all of which encouraged content understanding and built student’s feelings of 

autonomy within the class (Black & Deci, 2000; Ryan & Deci, 2009). The development of 

online-readings by the flipped professor was a key element in enabling the content to be pushed 

to before the lecture class meeting. These readings were academically accessible to beginning 

chemistry students and written in the voice they heard in class and on assignments. This singular 
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voice provided a level of familiarity with the vocabulary, the content and the instructors, 

enhancing both the academics of the class and the relationships within the class. Changing when 

content is introduced is just the beginning to the success in the class labeled “flipped” for this 

study. It is also the creative and energetic curriculum elements used during the recaptured class 

time that enhances student motivation and content understanding. Changing when content is 

introduced is the strategy employed by this professor to shift the allotted time and allow for 

creative and energetic curriculum elements used during the recaptured class time. It is really 

these excellent teaching practices, and the professors’ ability to connect with students, that 

contributes to the increases in student engagement and motivation.   

 
Research Question One 

 The first research question is as follows: 

How does the instructional strategy of the flipped approach compare to a traditional 

instructional approach in an introductory chemistry class with regard to the curriculum, 

pedagogy, and technology? 

The following discussion examines the comparison of flipped and traditional approaches 

as evidenced in the curriculum, technology, and pedagogical aspects of instruction. Following 

the Creswell (Creswell & Clark, 2007) model, categorical aggregation of results was utilized for 

multistage analysis in four stages: using the framework of activity theory, examining the 

common elements, defining aspects associated with the flipped approach, and naturalistic 

generalization of what was learned. 
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A comparison of the instructional strategies used in the flipped and traditional classrooms was 

conducted using activity theory (Engeström, Miettinen, & Punamki, 1999). A detailed summary 

of these findings is found in Table 4.15. Below is a synthesis of these findings.  

Common to both approaches. All of the students interviewed from both sections agreed 

that they had ample opportunities and a variety of ways to learn the chemistry. Students all 

mentioned the tutoring, supplemental instruction, and recitation classes. The online text was 

available to all students and also offered additional practice problems. There were many 

similarities between the classes, as expected by their positioning within the same community 

(Engeström, Miettinen, & Punamki, 1999) while the differences are useful in defining this 

example of the flipped approach in a general chemistry class. The chemistry department of this 

particular university understands the importance of general chemistry within the STEM focus of 

this institution and is committed to providing academic support to all students taking chemistry, 

no matter the assigned professor. It is due to the department level commitment to consistent 

excellence in chemistry education that there are so many elements common to both the flipped 

and traditional sections.  

It is interesting to note that during the interviews several students compared their current 

chemistry experience with that of other universities they had attended both within the United 

States and Europe. Students in both the flipped and traditional classes who had transferred into 

this university from another made a point of noting that the support system provided by this 

university and this chemistry department included more variety and more opportunities for 

additional help than the other schools they had attended. The National Research Council (2012) 

has recommended universities seriously consider their STEM instructional practices and this is 

evidence of the strong commitment of the chemistry department and the director of 
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undergraduate general chemistry to the success of the students at this university. In comparison 

to other domestic and international institutions, students recognize that they were offered more 

opportunities for additional support at this institution as well as a varied chemistry curriculum 

including more opportunities for active learning no matter the class they were assigned.  

Differences between approaches. Pedagogically, the traditional class relied on direct 

instruction, delivered by the professor during the lecture class, to convey the core chemistry 

content. The flipped class used the lecture time to expand on, discuss, and work computational 

problems associated with the chemistry content that had been introduced in the homework 

readings and assignments before class. The professor also utilized formative assessment, mostly 

in the form of “clicker” questions to drive the lecture and discussions. Due to the large lecture 

class, it was surprising to see that these differences had the academic and motivational impact on 

students that it did. Even though the class had almost two hundred students, the professor was 

able to connect with individual students and provide opportunities for students to work together 

cooperatively. 

Students remarked repeatedly that these aspects of class contributed to their positive 

feelings about the class and subject matter, and helped them learn the chemistry content. It is 

interesting to note that this was not reflected in the final exam shared subset scores, however, 

since there was no significant difference in their scores. The recitation classes also had different 

instructional approaches. The traditional recitation class was used to work computational 

problems and as test preparation while the flipped recitation class was utilized for enrichment 

and review. With the notable exception of one traditional recitation section, students worked 

independently on problem sets and the teaching assistants utilized direct instruction. As was 

found in previous research (Freeman et al., 2014) learning communities within the classroom 
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proved to be an asset to student motivation, at least with regard to self- determination, in this 

particular study. All of the flipped recitation sections utilized a social constructivist approach 

with the expectation that students would learn from discussions with classmates and lean on each 

other for support while the teaching assistants constantly evaluated each group of students and 

provided differentiated instruction, as needed (Brooks, 1990).  

Both of the general chemistry classes of this study utilized WebAssign to administer 

questions used as part of homework assignments. The flipped class also used Moodle as the on-

line platform for the class while the traditional class relied solely on WebAssign for all its on-

line administrative tasks. The flipped class housed all of the class readings written by the 

professor as well as study guides, for the entire semester. This seemingly small gesture, had a 

surprisingly important impact on how students studied and their feelings toward the class. 

Having the information available when they wanted to utilize it gave them more autonomy over 

their studies and a greater feeling of competency. As discussed in the literature, instructors who 

are autonomy-supportive catalyze greater self-determination, curiosity, and desire for challenge 

(Deci, Nezlek, & Sheinman, 1981; Flink, Boggiano, & Barrett, 1990; Ryan & Grolnick, 1986). 

It also increased their motivation toward the class as this gesture made them feel that the 

professor had their best interest at heart. As students commented positively regarding the 

availability of resources in the flipped class they also commented negatively regarding the 

restriction of resources, specifically class notes, to just being available during the lecture period 

in the traditional class. The restriction of resources was seen as an unnecessary measure by the 

students. This is also congruent with earlier research that spoke to teachers who are seen as more 

controlling of the availability of information having a negative impact student motivation 

(Amabile, 1996; Black & Deci, 2000; Grolnick & Ryan, 1987). The flipped classes’ utilization of 
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a Student Response System (clickers) during class as a means to administer formative 

assessment, and as a tool to engage students in cooperative discussions, gave students the 

impetus to form academic relationships within the class; teaching behavior that the research on 

motivational psychology shows helps build student motivation (Kay & LeSage, 2009; Ryan and 

Deci, 2009). 

How the professor utilized the clicker response time in class—often walking through-out the 

room to solicit questions and check on students, encouraging more thoughtful discussion—was 

surprisingly enough to illicit feelings of community and connectivity within this large lecture 

class which was congruent with suggestions for classroom practices from research in 

motivational psychology and previous work within the computer sciences (Beatty, 2005; Blasco-

Arcas, Buil, Hernández-Ortega, & Sese, 2013; Deci & Ryan, 2009; Kay & LeSage, 2009). 

While the standards and objectives for both of these general classes adhered to the department’s 

expectations, the curriculum used to deliver the content varied considerably. The traditional class 

used lecture and an occasional demonstration, readings from the university sponsored on-line 

text, problem sets administered during recitation class, questions assigned for homework, and 

quizzes and tests. The flipped class utilized an integration of active learning such as cooperative 

learning during lecture, pre-class content assignments using readings created by the professor, 

consistent demonstrations, formative assessment by way of clicker questions, quizzes and tests. 

Students found the consistent use of demonstrations especially important in anchoring their 

understanding of the chemistry content. The visual nature of the demonstrations along with the 

“wow” factor the professor brought to them kept students engaged in the class as well as helped 

provide a visual explanation for what they were studying. While the previous research in 

SCALE-UP in chemistry (Oliver-Hoyo & Allen, 2005; Oliver-Hoyo, Allen, Hunt, Hutson, & 
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Pitts, 2004) had described the importance of small groups of students participating in table top 

labs during the lecture session, it was enlightening to discover that students also reported that 

consistent demonstrations, even in front of a large lecture class, can have an important impact on 

student engagement, content understanding and motivation toward the subject.  

Recitation classes also consisted of enrichment problem sets designed to integrate 

chemistry content using relevant scenarios. All recitation students were expected to work 

cooperatively on these problem sets (Martin & Dowson, 2009). The instructional atmosphere of 

the flipped recitation class, set by the professor and followed by the TA’s, was instrumental in 

building relationships and student autonomy (Black & Deci, 2000; Deci & Ryan, 2009). Because 

the traditional professor only provided the content for the recitation classes, the pedagogical 

practices were left up to the discretion of the TA’s; it is interesting to note that one of the 

traditional recitation classes was orchestrated in a very similar manner as the flipped sessions. 

Students in that particular session were also very positive in their reaction to having the 

opportunity to learn cooperatively and they also described the importance of the relationships 

with other students and the TA that developed, which were very similar to the reports by the 

flipped students. Table 5.1 provides a summary of the results comparing the traditional and 

flipped classes. 
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Table 5.1 

Summary of Results for Research Question 1 

Aspects of Instruction Flipped Approach Traditional Approach 

During Class   

Lecture Discussion/analysis of reading New information by lecture 

SRS (Clicker) Concurrent feedback during 
discussion 

Not utilized 

Cooperative Academic: learning from each 
other 
Motivation: more likely to 
participate 

Not utilized 

During Class 
Demonstrations 
(continued) 

Used consistently; connected 
ideas with examples 

Rare; provided visual 
explanation of content 
(modeling) 

Outside Class   

Pre-class Reading Assigned readings written by 
professor were mandatory, 
introduced the chemistry 
content, and required student 
interaction. 

Syllabus recommended reading 
chapter of textbook before 
covered in class. 

WebAssign Used as graded assessment in 
conjunction with pre-class 
reading (homework) 

Used as graded assessment 
after content had been 
presented in class (homework) 

Recitation   

Problem Sets Required students to connect 
more than one chemistry topic 
to solve problem. Realistic 
problems that chemists would 
encounter. More challenging 
than what was expected on 
tests.  

Practice and preparation for 
test. 

Cooperative All students in all classes 
always worked cooperatively in 
groups of up to 4. Groups 
presented one solution set.  

Not utilized in most classes, 
although one recitation class 
consistently worked in 
cooperative groups.  
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It became apparent that while both the traditional and flipped general chemistry sections 

were similar in many ways, both had excellent professors and teaching assistants, and the same 

availability of resources, the differences in curriculum, pedagogy and the use of technology did 

have a positive impact on student motivation. Students also were adamant that these differences 

had a positive impact on how well they learned and understood the chemistry concepts, however, 

this reported content understanding did not have a significant impact on the quantitative 

measures used in this study.  
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Research Question Two 

 The second research question is as follows: 

How does the instructional strategy of the flipped classroom affect the students’ understanding 

of chemistry as evidenced in learning outcomes (final, subset, and course grades), and 

motivation (self-determination including autonomy and relatedness, self-efficacy including well-

being, intrinsic and extrinsic motivation (including career and grades)?  

 Five data sources were collected: two qualitative (observations and interviews) and three 

quantitative (motivation questionnaire, final exam scores, and course grades). As appropriate for 

the mixed method design, qualitative data were analyzed using a multistage, iterative approach 

(Creswell & Clark, 2007) and quantitative data were analyzed by descriptive statistics and t-tests 

between classes. Only one of the five categories of motivation examined by the Chemistry 

Motivation Questionnaire, saw the flipped class have a significant difference over the 

traditionally taught general chemistry class (see Table 4.13). Also, the final exam grades and the 

shared subset of questions on the final exam grades saw no significant difference (see Table 

4.14). The qualitative data results are summarized by aspects of instruction in Table 5.2. 
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Table 5.2  

Summary of Results for Research Question 2 

Aspects of Instruction Flipped Approach Traditional Approach 

Self-Determination 
 

Relatedness: Cooperative 
learning in class and recitation; 
students spontaneously created 
study groups and friendships as 
a result of the cooperative 
learning during class 
 
Content Competence: Students 
could recall the chemistry 
content weeks later by 
remembering the associated 
demonstration. 
 
Autonomy: Students reported 
that their questions were always 
answered fully and completely 
and that all instructors were 
responsive to students. 

Relatedness: One recitation 
class reported forming close 
bonds with each other and TA.  
 
 
 
 
Content competence: Professor 
provided notes with lecture, 
department provided tutoring 
and SI.  
 
 
Autonomy: Students reported 
that their questions were always 
answered fully and completely 
and that all instructors were 
responsive to students.  

Self-Efficacy 
 

Students reported having 
everything they needed to be 
successful at chemistry 
provided to them by professor 
and department. In addition, 
demonstrations, clicker quizzes, 
guided notes during lecture, 
and cooperative learning during 
lecture and recitation all aided 
in their belief that they could be 
successful in chemistry.  

Students reported having 
everything they needed to be 
successful at chemistry 
provided to them by professor 
and department. 

Intrinsic 
 

Students reported wanting to 
learn chemistry to be prepared 
for next level sciences.  

Student comments implied they 
wanted to do well in the class.  
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Table 5.2 (continued) 

Aspects of Instruction Flipped Approach Traditional Approach 

Extrinsic 
 

Grades provided external 
motivation.  
 
Required class for all students 
interviewed.  

Grades provided external 
motivation. 
 
Required class all for all 
students interviewed. 

Final Exam 
 

Developed by professor, 
addressed same course 
objectives with similar content. 

Developed by professor, 
addressed same course 
objectives with similar content. 

Subset 
 

Collaboratively developed 
items given to both classes with 
identical wording and options.  

Collaboratively developed 
items given to both classes with 
identical wording and options. 

Course Grade 
 

Based on total course points 
earned out of a possible 1450, 
as scaled by professor. 

Based on total course points 
earned, out of 1000, as scaled 
by professor. 

 
The results show that the class defined as flipped, for this study, was associated with 

increases in active involvement, and motivation associated with self-determination, as compared 

to the traditional method. The following discussion draws upon the complete range of data, both 

qualitative and quantitative. 

Overall Discussion   

The following discussion examines the comparison of flipped and traditional approaches 

as evidenced in the curriculum, technology, and pedagogical aspects of instruction (Research 

Question 1), in concert with the impact of the flipped approach on motivation and students’ 

content understanding (Research Question 2). Following the Creswell (Creswell & Clark, 2007) 

model, categorical aggregation of results was utilized for multistage analysis in four stages: using 

the framework of activity theory, examining the common elements, defining aspects associated 

with the flipped approach, and naturalistic generalization of what was learned. 
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An itemized comparison of the two classes from the framework of activity theory is 

expressed in Table 4.15. The activity theory analysis revealed characteristics of each class in 

regard to the instructional aspects; that is, the things that impacted the timing, quality, and 

engagement of the instruction. These characteristics are described below in terms of what was 

common to both courses and those that provided defining characteristics of the flipped approach.  

Defining Aspects (themes) of Flipped Approach 

 While both classes were successful overall, the flipped approach showed variances 

related to two defining aspects: re-allocating time outside of class for content acquisition before 

class meeting and re-purposing both the pre-class and during-class time to promote more active 

and higher-order thinking among the students. Grouping the differences between the two classes 

into these two defining aspects (themes) clarified the nature of the differences and possible ways 

in which they were associated with more student engagement and higher motivational results 

(self- determination) for flipped approach, as defined by this study.  

Reallocation. The flipped approach was named for moving the introduction of content to 

a pre-class time, a comparison of flipping the lecture to outside of class and the homework-type 

activities to during class time (Schaffhauser, 2009). This defining aspect of the flipped approach 

provides opportunity for more advanced activities during class time, as expected. Students report 

within the interviews, that they also come to class better prepared to participate due to knowing 

more about the content, having thought about it in the interim and thereby activating any prior 

knowledge, increased motivation to come to class, confidence to be more involved in class, and 

more tools to make sense of class activities and information (Gilboy, Heinerichs, & Pazzaglia, 

2015; Jared, 2014; Jensen, Kummer, & Godoy, 2015). 
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Repurposing. The flipped approach utilized in this study went further than reallocating 

content introduction in that the flipped time was used for purposes other than content 

introduction. Class time was not limited to content introduction but was repurposed to provide 

collaborative activities, advanced concept discussion, and demonstrations designed to engage 

students in actively thinking about the information in deeper, more advanced ways. Because the 

integration of active learning strategies has been shown to be effective (Bonwell & Eison, 1991; 

Chickering & Gamson, 1987), the repurposing of class time to include these strategies was 

expected to have a positive impact on student learning. The formative assessment utilized was 

surprisingly effective in this large lecture class in both moving the content forward and in 

encouraging students to work cooperatively (Beatty, 2005). Homework was not limited to 

applying lecture information and problem sets. Instead, students were accountable to read and/or 

watch the information before class, and that information was made available through a professor-

written reading that maintained consistency of voice and was designed to provoke student 

thinking and correlate with class activities. In addition, students were accountable to complete 

the reading as they were required to complete assessments of their understanding of the content. 

The professor of this flipped approach did an excellent job of creating the curriculum and 

orchestrating the activities of the class. As reflected in the qualitative data, students reported 

being positively impacted by the dynamic instructional strategies (such as demonstrations), 

formative assessment and social learning strategies employed as well as the repurposing of time. 

 It is noteworthy that the two classes had equal access to identical technology; yet, the 

flipped approach utilized that technology for additional purposes, including making class content 

available at any time, providing interactive online assessments associated with pre-class 
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readings, utilization of a student response system (clickers) to engage students, provide feedback 

to instructor and to students, and promote peer interaction. 

The Role of Engagement 

 The importance of student engagement cannot be overstated as it is widely agreed upon 

that the extent of a student’s active involvement in any learning activity is critical to their 

academic success (Handelsman, Briggs, Sullivan, & Towler, 2005; Reyes, Brackett, Rivers, 

White, & Salovey, 2012). An additional stage of analysis was drawn from the COPUS (Smith, 

Jones, Gilbert, & Wieman, 2013) in the form of engagement rankings collected as part of the 

observations. Flipped class observations were consistently rated as high in engagement, with 

80%-100% of students exhibiting signs of engagement. The traditional classes were consistently 

rated as medium with regard to engagement, approximately 50% of students exhibiting off task 

behavior as well as 50% exhibiting behavior associated with engagement. Iterative review of 

COPUS data showed that engagement in the flipped class was demonstrated in each of the four 

types: in how the student participated in class (behavioral), students’ positive and negative 

reactions to teachers, classmates, academics and school (emotional), how students interacted 

with other students (social) and in the motivation and self-regulated learning exhibited by the 

student (cognitive) (Fredericks, Bluemenfeld, & Paris, 2004). In contrast, the traditional class 

students showed few instances of high social or emotional engagement.   

Conclusion 

This study found that both the flipped and traditional approaches, as defined by this 

study, were successful in imparting content understanding. The flipped approach showed a 

significant difference in motivation with regard to the self-determination marker on the 
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Chemistry Motivation Questionnaire II. The measures of content understand did not show a 

significant difference between the two classes.  

Further analysis of engagement showed it to be a key factor in students’ positive 

perception of the flipped approach. As depicted in the Figure 5.1 below, the changes employed 

by the flipped approach are a means to increase the engagement of students both in and out of 

class.  

 
Figure 5.1. Aspects of change in the flipped approach. This graphic represents the impetus for 
changes in motivation and understanding in the flipped general chemistry class is the 
reallocation and repurposing of class time.  

 
Reallocating the in-class and expected out-of-class time created the time for active 

learning strategies during the lecture class. Pre-class content acquisition was an important piece 

of the success of the flipped model both for the individual student and the class as a whole. The 

quality of the pre-class content delivery, in this case, the professor’s writings, was extremely 

important as was accompanying this assignment with a form of student accountability, such as 

the WebAssign questions. Cooperative learning, more student-instructor interaction, formative 

assessment, demonstrations and guided notes, along with content slides, all contributed to the 

increase of engagement and content understanding during the time spent with the instructor. 

Higher-level thinking in both the lecture and recitation, when students had access to the 

instructors and each other, proved to be valuable for both the students’ motivation and their 
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reported understanding of the general chemistry content. In all fairness, this reported increased 

understanding did not present itself on the quantitative measures of content understanding used 

in this study. These changes were accomplished without modifications to the department 

schedule, TA assignments, or budget, and while serving as many students per class as a 

traditionally taught general chemistry class.  

Limitations of the Study 

Overall, the mixed methods approach was a good fit for this study as it cast a wider net to 

gather information to better understand the flipped approach. However, the study would have 

been stronger if additional data had been collected about students’ previous and planned STEM 

coursework and career goals. The lack of large enough populations of historically 

underrepresented minorities limited our ability to analyze the interaction of these demographic 

factors and class type. 

Implications for future study  

Implications for further study include exploring how to further increase the impact of a 

flipped approach on the large chemistry lecture class and considering what other active learning 

strategies or uses of technology might further improve on the design. It would also be useful to 

examine the application of this approach to other STEM classes and to examine in what ways the 

flipped approach is effective with specific student populations, instructors, and content. In 

addition, studies are suggested to examine the impact of this approach on encouraging students 

to take more STEM classes, consider a STEM major, remain in STEM programs, and choose 

STEM careers. As the STEM education community strives to improve the course experience for 

students as a way to reduce attrition in these majors and produce more STEM graduates, further 

consideration of the flipped approach is warranted in achieving these goals.  
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Appendix A 
Observation Protocol 

 
North Carolina State University Observation Protocol for Research Title of Study: A Study of 
Reformed Teaching Methods in the Large- Scale General Chemistry Classroom: Dr. Eric Wiebe 
(NC State University) 
Modified COPUS Observation Protocol (Smith, Jones, Gilbert, & Wieman, 2013)  
Observation Codes 
1. Students are 
Doing 

 

Independent  
L Listening to instructor/taking notes etc. 
Ind Individual thinking/problem solving.  
Prd Making a prediction about the outcome of demo or experiment 
Prd Making a prediction about the outcome of demo or experiment 
TQ Test or Quiz 
Collaborative  
CG Discuss clicker question in group of 2 or more 
WG Working in groups on worksheet activity 
OG Other assigned group activity, such as responding to instructor 

question 
Whole Class  
AnQ Student answering a question posed by the instructor with rest of class 

listening 
SQ Student asks questions 
WC Engaged in whole class discussion by offering explanations, opinions, 

judgments, etc. to whole, class, often facilitated by instructor 
W Waiting 
O Other- explain 
  
2. Instructor is 
Doing 

 

Whole Class  
Lec Lecturing (presenting content, deriving mathematical results, 

presenting a problem solution) 
RtW Real-time writing on board, doc. Projector, etc.  
FUp Follow-Up Feedback on clicker question or activity to entire class 
PQ Posing non-clicker question  
CQ Asking a clicker question 
AnQ Listening to and answering student questions with entire class listening 
Differentiated 
Instruction 

 

MG Moving through class guiding ongoing student work during active 
learning task 
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1o1 One on one extended discussion with one or few individuals, not 
paying attention to the rest of the class  

D/V Showing or conducting a demo, experiment, simulation, video or 
animation 

Adm Administration (assign homework, return tests etc.) 
W Waiting 
O Other 
3. Student 
Engagement  

 

L  Small Fraction (10-20%) of students engaged in class 
M  Substantial fractions both of clearly engaged and clearly not engaged 
H  Large fraction of students (80%) clearly engaged in class activity or 

listening to instructor. 
 
Class being observed: _________ Time: ______ Instructor Name: _______________________ 
 
 
Time Codes Describe activities of class in terms of what students are doing and 

what instructors are doing.  
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Appendix B 
Interview Protocol 

 
North Carolina State University Professor Interview Protocol for Research Title of Study: A 
Study of Reformed Teaching Methods in the Large- Scale General Chemistry Classroom: Dr. 
Eric Wiebe (NC State University) 

 
Interview Questions: Flipped Professor 

 
The interview with the professor will be mostly an open interview format however the following 
are some questions to help guide the discussion.  

 
How are the assignments in your reformed general chemistry class different than your traditional 
class? 
 
How does the use of the chemistry textbook compare to the traditional class? 
 
What are you doing different during class than you were when teaching a traditional general 
chemistry class?  
 
 Did you use the clicker quizzes? 
 Did you encourage students to discuss and give wait time? 
 Did you give guided notes? 
 Did you do demonstrations? 
 
How do the exams compare to what you were giving in a traditional setting? 
 
What are your expectations for your TA’s during the problem sessions that students attend?  
 
What are the challenges to moving toward these reformed educational changes? 
 
How do feel they are affecting your students? 
 
If you could design a general chemistry class, any way you wanted it, how would you teach it? 
Interview Questions: Traditional Professor 
The interview with the professor will be mostly an open interview format however the following 
are some questions to help guide the discussion.  
 
What text are your students provided and expected to read for this class? 
 
What is the main objective of the lecture class time?  
 
Describe the homework that accompanies this class. 
 
Who determines what will be taught in recitation sessions? 
Who determines how this material will be taught? 
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Do you utilize demonstrations during lecture? 
 
Is there ever opportunity for your students to work collaboratively? 
 
Where can your students go for additional assistance? 
 
Did you or someone else design the curriculum you use? 
 
How many students, on average, are in one of your gen chem sessions?  
 
How are grades determined for the lecture section and the recitation classes? 
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Appendix C 
Student Interview Protocol 

 
North Carolina State University Student Interview Protocol for Research Title of Study: A Study 
of Reformed Teaching Methods in the Large -Scale General Chemistry Classroom: Dr. Eric 
Wiebe (NC State University) 
 

Class at NCSU 
Student Interview Questions 

 
1. What year are you? 
2. What is your major? 
3. Is general chemistry a required course in your major or is this an elective? 
4. What other science classes have you taken at NCSU? 
5. How did you feel about taking general chemistry this semester? 
6. Did you have any anxiety regarding this class? 

Where you excited about taking the class? 
7. What prior chemistry classes have you taken? 
8. During the lecture class, do you talk with other students to solve the chemistry problems? 
9. During the lecture class, do you talk with other students before answering the “clicker 

questions”? 
10. Are the clicker questions helpful to your understanding of the course content?  
11. How often do you complete the pre-class reading and study-guide? 
12. Do you use the standard textbook?   
13. How often do you complete the post-class studyguide? Do you use it to study for tests?  
14. Do you feel challenged by the course tests?  
15. How do you prepare for tests?  
16. How confident do you feel about your ability to do well in chemistry? 
17. Are you able to stay engaged during the lecture class?  
18. What keeps you engaged during class?  
19. Does doing this assignment before the lecture impact your understanding of the topic? 
20. Do you ever study, outside of class, with other students you have met during this 

semester? Discuss the readings or assignments with other students outside of this class?  
21. Have you ever tutored or taught another student in this class? 

Been tutored by another student in this class?  
22. Describe a typical lecture class. 
23. What part of the lecture class is most beneficial to helping you understand the topic? 
24. Describe a typical problem session.  
25. Does the problem session that you attend help your understanding of the chemistry 

content? 
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Appendix D 
Chemistry Motivation Questionnaire II 

 
North Carolina State University CMQII (Glynn, Brickman, Armstrong, & Taasoobshirazi, 2011) 
for Research Title of Study: A Study of Reformed Teaching Methods in the Large- Scale 
General Chemistry Classroom: Dr. Eric Wiebe (NC State University) 
 
Chemistry Motivation Questionnaire II 
In order to better understand what you think and how you feel about your college science 
courses, please respond to each of the following statements from the perspective of 
  
_____“I have read and agreed to the student survey consent form” 
‘‘When I am in a college science 
course. . .’’ 
[Response scale: * Never * Rarely * Sometimes * Usually * Always] 
01. The chemistry I learn is relevant to my life 
02. I like to do better than other students on chemistry tests 
03. Learning chemistry is interesting 
04. Getting a good chemistry grade is important to me 
05. I put enough effort into learning chemistry 
06. I use strategies to learn chemistry well 
07. Learning chemistry will help me get a good job 
08. It is important that I get an ‘‘A’’ in chemistry 
09. I am confident I will do well on chemistry tests 
10. Knowing chemistry will give me a career advantage 
11. I spend a lot of time learning chemistry 
12. Learning chemistry makes my life more meaningful 
13. Understanding chemistry will benefit me in my career 
14. I am confident I will do well on chemistry labs and projects 
15. I believe I can master chemistry knowledge and skills 
16. I prepare well for chemistry tests and labs 
17. I am curious about discoveries in chemistry 
18. I believe I can earn a grade of ‘‘A’’ in chemistry 
19. I enjoy learning chemistry 
20. I think about the grade I will get in chemistry 
21. I am sure I can understand chemistry 
22. I study hard to learn chemistry 
23. My career will involve chemistry 
24. Scoring high on chemistry tests and labs matters to me 
25. I will use chemistry problem-solving skills in my career 
End. Thank you 
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Appendix E 
Traditional Class Syllabus 

 
North Carolina State University Redacted Traditional Class Syllabus for Research Title of Study: 
A Study of Reformed Teaching Methods in the Large -Scale General Chemistry Classroom: Dr. 
Eric Wiebe (NC State University) 
 
CH 101-005 Chemistry: A Molecular Science Section 005 - Spring 2017 

Monday/Wednesday 3:00 - 4:15 PM (Dabney 222) 
+ 1 Weekly Problem Session 

Course Homepage: https://www.webassign.net/ncsu/ 
 

Instructor: Prof. Elena Jakubikova 
Office: Dabney 732 
E-mail: ejakubi@ncsu.edu 

 
Course Description 
CH 101 at NC State covers most of the fundamental concepts in chemistry with a minimal 
amount of quantification. We explore how energy dictates the properties and reactions of atoms, 
molecules and materials. We start by describing atoms, and then let atoms bond together to 
make molecules, let molecules come together to make materials, and let materials react with 
one another. 

 
Course Requirements 

Prerequisites: The prerequisites for CH 101 are a passing score on the Chemistry Placement 
Exam or Chemistry Placement Module Exam and eligibility for MA 107. You are expected  
to know some chemistry coming into the course, such as mole to mass conversions and 
balancing equations - these subjects will not be reviewed intensively. 

 
Online Textbook & Homework Access (required): Chemistry – A Molecular Science by D. 
W. Wertz available at http://webassign.ncsu.edu 
Cost: $75.95. The course will become available on Wednesday, January 4, 2017. Students 
may view the online resources (e-book, PDF textbook, homework, etc.), and will have until 
have until January 18th to make a payment. Immediate payment may be needed to view the 
online textbook. It is expected that you will read the entire chapter in advance of the lecture. 

 
Attendance (required): The university attendance policy is at 
https://policies.ncsu.edu/regulation/reg-02-20-03. Attendance will be taken at random times 
during the semester. Clarification questions during lecture are welcome, however, extensive 
questions may need to be answered outside of class. 

 
Problem Session (required): Attendance at your assigned, once weekly problem session is 
mandatory, and will be part of a student's attendance grade. Attendance will be taken during 
the first 5 minutes of class, and non-WebAssign homework will be collected at this time. If 
you are late, you will not receive credit for homework – no exceptions. Missing the problem 
session, or being more than 10 minutes late, without a documented, legitimate excuse per 
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University policy will result in 15 points being subtracted from your final point total for 
each missed session. Random quizzes may be given during the recitation sessions at the 
discretion of the TA. Poor performance on the quiz will result in up to 15 points being 
subtracted from your final point total
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The eight recitation sessions (you are required to attend your assigned session) for this Spring 
are: 

005A – Th 8:30-9:20 AM 
005B – Th 9:35-10:25 AM 
005C – Th 10:40-11:30 AM 
005D – Th 11:45-12:35 PM 
005E – Th 12:50-1:40 PM 
005F – Th 1:55-2:45 PM 
005G – Th 3:00-3:50 PM 
005I – Th 4:30-5:20 PM 
The sessions will take place in Fox 206. 

 
Getting Help 

Recitation/Problem Session: Your primary mode of help is through the weekly 
recitation/problem session and the Chemistry Tutorial Center. Attendance at the problem 
session is mandatory, and will be part of a student's attendance grade. 

 
Chemistry Walk-In Tutorial Center: Located in FOX 152, the Tutorial center is open five 
days per week and manned by chemistry graduate students and professors. Their job is to 
provide walk-in assistance with understanding chemistry such that YOU can complete your 
homework and labs. Hours will be posted once the semester gets underway. 

 
Supplemental Instruction (SI): Offered through the Undergraduate Studies Tutorial Center 
(USTC), SI provides additional help for CH 101. See https://tutorial.dasa.ncsu.edu/ for 
detailed information regarding the SI program and others. These group sessions provide you 
the opportunity to discuss CH101 topics in small groups under the guidance  of your SI 
leader. The SI leader attends class and holds several one-hour sessions each week. The days, 
times and locations of the SI sessions will soon be available. SI sessions do not begin until 
the second week of class. 

 
Office Hours: Professor Jakubikova will hold office hours, schedule permitting, on 
Tuesdays at 2:00-3:30pm in Dabney 732. Note: this is not a ‘tutoring’ session. Please  come 
with  specific questions, and only after the above help options have been exhausted. 

 
Important Information 

Census Date: Tuesday, January 23. Last day to add a course with permission of instructor. 
Last day for tuition refunds due to dropping a course or changing from credit to audit. Last 
day for undergraduate students to drop below 12 hours or to drop a course without a W 
grade. 

 
Drop/Revision Deadline: Wednesday, March 13. MyPack Portal closes for student-
initiated schedule revisions at 11:59 p.m. All schedule revisions made after this date will 
require a Schedule Revision form for processing. Last day to change to credit only at ALL 
levels. Last day for graduate and associate students to withdraw or drop a course, without a 
W grade, or to change from credit to audit. 
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Classroom and Problem Session Rules: 
The following are some general guidelines for DAB222 and for your problem session 
classroom. 
1. Turn off or mute electronic equipment that is not needed to participate in class cell 

phones, pagers, music, etc). 
2. Laptops are not allowed in CH101 for general use. If you do need to use a laptop for note 

taking, please register your use with the instructor in advance. The TAs and SI leader 
who attend class will note whether a student is using the laptop inappropriately, which 
will adversely affect your grade, including failure of the course. 

3. Leave your seat and desk clean. 
4. If you are late to class, enter from the second floor. DO NOT disrupt the lecture for other 

students. 
5. Conduct yourself in a manner that allows the other students around you to focus on 

lecture. Disruptive behavior will not be tolerated. If a student is being disruptive, they 
will be informed of their behavior and asked to focus on the lecture. If a student continues 
to be disruptive, he/she will be asked to leave. If a student still continues to be disruptive, 
that student’s information will be forwarded to the Office of Student Conduct for 
University discipline in addition to failure of the course. Note: you are not anonymous. 
The instructor has access to your name, photo, UnityID, student ID, academic advisor, 
local and home addresses and phone number. 

 
Academic Integrity: Students are expected to abide by the principles outlined in NC State 
University’s “Code of student Conduct:” See  http://policies.ncsu.edu/policy/pol-11-35-01.  
The university has procedures in place for academic integrity violations. A RAIV form may  
be used to adjust student grades. At the conclusion of each examination, students will be 
required to sign the University Honor Pledge: “I have neither given  nor  received 
unauthorized aid on this test or assignment.” Although no honor pledge appears on the 
homework assignments, it is expected that students will complete assignments themselves   
with only a reasonable amount of assistance from other students, TA’s, tutors or the  
instructor. Regarding attendance, students may NOT sign in for friends at any time. Students 
may only report their own in-class answers and attendance. 

 
Academic integrity violations are dealt with immediate dismissal from the class and will   
result in a minimum of an automatic failure for course, with other penalties to be determined 
by the Office of Student Conduct. 

 
Communication: My primary mode of communication with the class is during lecture and   
by e-mail. It is your responsibility to let me know if you are not receiving my e-mails. Your 
primary communication with me should be in person (after class or office hours). I do not 
answer homework questions through e-mail. It is difficult and often not useful to try and 
explain complex concepts though e-mail. You may, however, e-mail me in order to set up 
an appointment if you are not able to come see me during the regular office hours. 

 
Labs: CH 102, the laboratory course accompanying CH 101, is a co-requisite for this course. 
Lab experiments are scheduled weekly starting Tuesday, January 24. Information 
concerning the laboratory is available at https://courses.ncsu.edu/ch102/lec/001/. Dr. Lori 
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Petrovich 
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(Lori_Petrovich@ncsu.edu) is the General Chemistry Laboratory Coordinator. All questions 
regarding the laboratory should be referred to Dr. Petrovich or your lab (not recitation) TA. 
 

Grading 
Important Note: ALL material is cumulative. You will be responsible for all material 
addressed during lecture, recitation, and the co-requisite lab course. Please save all graded 
material so that discrepancies that might occur can be easily corrected. Re-grading is up to    
the instructor’s discretion. For exams, any request for a re-grade must be made before 
the start of the next lecture – no exceptions. For non-WebAssign homework, the request 
must be made before the start of the next recitation section after the homework is passed 
back. 

 
Semester Exams (600 pts): There will be three cumulative semester exams worth 200 points 
each (February 1, March 1, and April 3). Please bring your NCSU student ID to every exam 
and the final exam. Your ID may be checked at any time. 

 
Provision for missed exams will be provided only for students with documented excused 
absences. Excused absences must conform to University policy, as described at: 
http://policies.ncsu.edu/regulation/reg-02-20-03. No permissible absences other than those 
defined by sections 3.1 and 3.2 in REG 02.20.03 - Attendance Regulations will be allowed. 
At the instructor's discretion, the option of taking the exam in advance may be a possibility 
for a preplanned obligation that conforms to sections 3.1 or 3.2; if that option is not 
available, then the excused missed exam policy will be in effect. No matter what your reason 
is, there are no late exams in CH101. 

 
In the event that a missed exam is excused (sections 3.1 or 3.2 in REG 02.20.03), the missed 
exam score will be replaced with the average of the other two semester exams. A non- 
excused missed exam will result in a score of zero points being recorded. 

 
If the NC State Adverse Weather Policy is in effect on an exam day, the exam will be 
postponed until the next class meeting, and a regular class will be held in its place, weather 
permitting. 

 
Missing either two exams or the final without a documented, legitimate excuse conforming 
to sections 3.1 or 3.2 in REG 02.20.03 will result in an automatic failure of the course. 
Missing either two exams or the final with a documented, legitimate excuse may result in 
failure of the course, or the issuance of an incomplete grade, at the discretion of the 
instructor. 

 
Cumulative Final Exam (300 pts): Monday, May 8 at 1-4 PM (Dabney 222) 

 
Homework (100 pts): Homework exercises (variable points) will be assigned via 
WebAssign or in class, and are due for collection at the beginning of the recitation session 
the following week if hand-graded, or due by the WebAssign due date if online. Attendance 
will be taken during the first 5 minutes of class, and homework will be collected at this time. 
If you are late, you will not receive credit – no exceptions. You can always turn in early 
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homework due in class to the TA if you know you will be absent from recitation for a 
documented, legitimate excuse. For WebAssign homework, you have at least a 7-day 
window to perform the requested exercises, and as such extensions will NOT be granted. 

 
Assigned Grades: Your accumulated points (out of 1000 total) will be used to determine     
your grade percentage. Final grades for the semester will be assigned based on the following 
approximate percentage scale: 
A+ 98-100 B+ 86-89 C+ 76-79 D+ 66-69 
A 93-97 B 83-85 C 73-75 D 63-65 
A- 90-92 B- 80-82 C- 70-72 D- 60-62 
F below 60%       

 
Homework 100 pts 
Exam #1 – (in class) 200 pts 
Exam #2 – (in class) 200 pts 
Exam #3 – (in class) 200 pts 
Final Exam –  300 pts 
Total 1000 pts 

 
Credit-only (S/U): Each student should meet with his or her advisor to find out which S/U 
courses may count toward graduation and/or fulfillment of the requirements for their major. 
In order to receive a grade of S, students are required to take all exams and quizzes, complete 
all assignments, and earn a grade of C- or better. 

 
Audit: In order to receive a grade of Au, students are required to take all exams and quizzes, 
complete all assignments, and earn a grade of D- or better. 

 
Incomplete Grades: Incomplete grades will be given at the discretion of the instructor for 
serious interruptions in a student’s work not caused by their own negligence. The burden of 
fulfilling an incomplete grade is the responsibility of the student. If an extended deadline is 
not approved by the instructor, an unfinished incomplete grade will automatically convert 
to an F after either (a) the end of the next regular semester in which the student is enrolled 
(not including summer sessions), or (b) the end of 12 months if the student is not enrolled, 
whichever is shorter. Incompletes that change to F will count as an attempted course on 
transcripts. The university policy on incomplete grades is located at 
http://policies.ncsu.edu/regulation/reg-02-50-03 

 
Extra Credit: None. No extra credit will be given, neither for lecture or recitation, at any  
time. If you fall one point short of your desired grade, that will be the outcome. 

 
Statement for students with disabilities 
Reasonable accommodations will be made for students with verifiable disabilities. In order to    
take advantage of available accommodations, student must register with the Disability Services 
Office (http://www.ncsu.edu/dso), 919-515-7653. For more information on NC State's policy 
on working with students with disabilities, please see the Academic Accommodations for 
Students with Disabilities Regulation at http://policies.ncsu.edu/regulation/reg-02-20-01. 
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Appendix F 
Flipped Class Syllabus 

 
North Carolina State University Redacted Flipped Class Syllabus for Research Title of Study: A 
Study of Reformed Teaching Methods in the Large -Scale General Chemistry Classroom: Dr. 
Eric Wiebe (NC State University) 
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Appendix G 
Student Consent Form 

 
North Carolina State University Student Consent Form for Research Title of Study: A Study of 
Reformed Teaching Methods in the Large -Scale General Chemistry Classroom: Dr. Eric Wiebe 
(NC State University) 

  
North Carolina State University 

INFORMED CONSENT FORM for RESEARCH 
Title of Study: Flipping the Large- Scale General Chemistry Classroom 
  
Principal Investigator: Reza Ghiladi                                                       Faculty Sponsor (if 
applicable) 
  
What are some general things you should know about research studies? 
You are being asked to take part in a research study. Your participation in this study is voluntary. 
You have the right to be a part of this study, to choose not to participate or to stop participating 
at any time without penalty. The purpose of research studies is to gain a better understanding of a 
certain topic or issue. You are not guaranteed any personal benefits from being in a study. 
Research studies also may pose risks to those that participate. In this consent form you will find 
specific details about the research in which you are being asked to participate. If you do not 
understand something in this form it is your right to ask the researcher for clarification or more 
information. A copy of this consent form will be provided to you. If at any time you have 
questions about your participation, do not hesitate to contact the researcher(s) named above. 
  
What is the purpose of this study? 
 "Flipped", "Active Learning" or "Scale Up" classes at NCSU have been classes of less than 100. 
The purpose of this research is to determine what impact trying the methods used in a "flipped" 
class might have on the students' academic understanding of chemistry, as well as their attitude 
toward chemistry, within the structure of a large, stadium sized, general chemistry classroom 
  
What will happen if you take part in the interview portion of the study? 
The interview should take no more than 30 minutes. You will only be asked questions regarding 
your experience within the chemistry 101 class you are taking and the teaching methods being 
used. All research will take place either in Dabney Hall or Fox Lab on the NCSU campus.   
 
Risks 
There are no risks to your grade by participating in this study. All efforts will be make to keep 
your name confidential.  
 
Benefits 
The science education community will benefit from understanding more about the "flipped" 
classroom strategies and how they might be used in a large-scale (200+) science classroom. Very 
little has been published on this subject in science education and even less in chemistry 
education itself. 
Confidentiality 
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The information in the study records will be kept confidential to the full extent allowed by law.  
Data will be stored securely it will be saved in google docs. No reference will be made in oral or 
written reports, which could link you to the study. 
  
Compensation 
Compensation for participating in the interview portion of the study is a $10.00 gift card. 
  
What if you are a NCSU student?-    
Participation in this study is not a course requirement and your participation or lack thereof, will 
not affect your class standing or grades at NC State.  
 
What if you have questions about this study? 
If you have questions at any time about the study or the procedures, you may contact the 
researcher, Sonja Calderara at sjcalder@ncsu.edu or 910-690-0931 
  
What if you have questions about your rights as a research participant? 
 If you feel you have not been treated according to the descriptions in this form, or your rights as 
a participant in research have been violated during the course of this project, you may contact 
Deb Paxton, Regulatory Compliance Administrator at dapaxton@ncsu.edu or by phone at 1-919-
515-4514. 
 
Consent To Participate 
“I have read and understand the above information. I have received a copy of this form. I agree 
to participate in this study with the understanding that I may choose not to participate or to stop 
participating at any time without penalty or loss of benefits to which I am otherwise entitled.” 
  
Please select 
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Appendix H 
Professor Consent Form  

 
North Carolina State University Professor Consent Form for Research Title of Study: A Study of 
Reformed Teaching Methods in the Large- Scale General Chemistry Classroom: Dr. Eric Wiebe 
(NC State University) 
 

North Carolina State University 
INFORMED CONSENT FORM for RESEARCH 

(This consent form is valid from February 1, 2016 through February 1, 2017) 
  

Flipping the Traditionally Sized General Chemistry Classroom: A research project to 
investigate the effectiveness of using methodologie, found in a flipped classroom, on large 
classes of 200 or more. 
Principal Investigators: Sonja Calderara  Major Advisor: Eric Wiebe              
Minor Advisor: Reza Ghiladi 
Information 
If you agree to participate in this study you may be asked to give your feedback on instructional 
methods being used in your general chemistry classroom. You may be asked to participate in an 
individual interview. You may be asked to allow researchers to observe your general chemistry 
class or chemistry recitation sessions. 
  
RISKS 
There are no foreseeable risks or discomforts associated with this study. You are free to not 
answer any questions that make you uncomfortable. Participating in this study in no way impacts 
you either professionally or academically. 
  
CONFIDENTIALITY 
The information in the study records will be kept strictly confidential. Data will be stored 
securely in electronic format and physical forms will be destroyed following data analysis. No 
references will be made to any individual in the reporting of this research. 
  
COMPENSATION (if applicable) 
There will no monetary compensation for any participation in this research.  
  
CONTACT 
If you have any questions at any time about this study or the procedures, you may contact the 
researcher, Sonja Calderara (910) 690-0931. If you feel you have not been treated according to 
the description in this form, or your rights as a participant in research have been violated during 
the course of this project, you may contact the chair of the NCSU IRB for the Use of Human 
Subjects in Research Committee, Dr. Arnold Bell at 919-515-4420 
  
PARTICIPATION 
  
Your participation in this study is voluntary. If you decide to participate, you may withdraw from 
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the study at any time without penalty and without loss of benefits to which you are otherwise 
entitled. If you withdraw from the study before data collection is completed your data will be 
returned or destroyed at your request. 
CONSENT 
“I have read and understand the above information. I have received a copy of this form. I agree 
to participate in this study with the understanding that I may withdraw at any time.” 
  
  
Participant’s Signature ____________________________________________ 
Date_____________ 
  
  
Investigator’s signature ____________________________________________ Date 
____________ 
  
  
Please keep a copy for your records and return the original signed form to the researcher. 


