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Research investigating faculty and instructors’ perception of teaching in discipline-

oriented fields such as biology, chemistry and physics suggest that faculty hold diverse 

conceptions about teaching and learning. This study extended this work to a discipline at 

the interface between traditional physical science and life science fields, upper-level 

biochemistry courses. It also compared instructors’ perception, beliefs and actions when 

teaching biochemistry at research institutions with courses taught at primarily 

undergraduate institutions (PUI’s). 

In a recently completed review of discipline-based educational research (DBER) in 

biochemistry, I noted the absence of research regarding the relationship between faculty 

beliefs and classroom practices in biochemistry and noted that different levels, associated 

with teaching and learning experiences, have not been studied in the context of the 

undergraduate chemistry curriculum. As a scientific field, biochemistry bridges chemistry 

and biology, which each have a consensus regarding the major concepts or ideas that should 

be taught within their disciplines. However, biochemistry, despite its increased relevance 

in recent years, has achieved hardly any consensus among those who teach this content 

material on what should be taught or how instructors should teach it. Biochemistry is also 

a rapidly growing field with increased relevance that is being taught as a unique discipline 

in more and more institutions. Another unique feature that distinguishes biochemistry from 
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other scientific fields is that it is inherently interdisciplinary and taught in different 

departments, often for a versatile population of various majors and minors. Further research 

suggests that we overgeneralize conclusions on factors influencing teaching practices 

within classrooms, which could possible prevent the advancement of teaching 

methodologies used by instructors. To explore this research interest, classroom 

observations and semi-structured interviews were used. 

Within the scope of this study, I identified two main ways biochemistry instructors 

thought about their teaching of biochemistry: theory versus practice-oriented. The more 

theory-driven instructors reflected on their beliefs and perceptions, the more traditional 

their teaching practices were executed – the contrary held true for instructors with a more 

practical conception of the teaching of biochemistry. Overall, I was able to portray a 

multitude of ways in which biochemistry is currently being taught at different institutions, 

identifying differences and communalities they shared. As well as the unique challenges 

instructors faced when implementing evidence-based teaching methodologies in their 

classrooms were identified and categorized. My research should improve the 

understanding of factors, barriers, and possible opportunities that various scientific 

disciplines face to inform the development of professional programs that can encourage 

the use and implementation of evidence-based instructional practices.  
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 INTRODUCTION 

1.1 Project Rational 

Prior research has investigated instructors’ perceptions of teaching in a variety of  

scientific disciplines such as biology, physics and chemistry (Lund & Stains, 2015). Mack 

and Towns (2016), for example, investigated faculty perspectives associated with teaching 

physical chemistry courses. In his work, Mack reported that “… different people have 

different experiences with the same phenomenon” (Mack, 2015, p. 1), which is consistent 

with the results suggested by others (Fang, 1996; Mack & Towns, 2016; Stipek, Givvin, 

Salmon, & MacGyvers, 2001). As Hativa and Goodyear (2001) noted faculty hold diverse 

conceptions about teaching and learning, which was confirmed by Mack’s research.  

In a recent review of DBER in biochemistry (Lang & Bodner, manuscript in 

preparation), I noted an absence of research regarding the relationship between faculty 

beliefs and classroom practices in biochemistry. Although previous work of this nature was 

conducted by Brickhouse and Bodner (1992) with respect to K-12 classrooms, there is a 

gap in this research at the college-level, especially in discipline-specific areas such as 

biochemistry. While there is a developing interest among DBER researchers about 

investigating non-traditional teaching methods in both lecture (Aldarmahi, 2016; Jansson, 

Söderström, Andersson, & Nording, 2015) and laboratory settings (Domin, 1999; Kahveci 

& Orgill, 2015, pp. 217-233), there is a lack of awareness how biochemistry instructors 

perceive their teaching. In particular, no one has yet explored how instructors view the use 

of non-traditional teaching methods in biochemistry classes, although work has been done 

in fields such as physics, biology, and chemistry (Lund & Stains, 2015). This topic needs 
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to be better understood because research has shown that less-traditional lecturing and more 

involvement of students lead to greater learning outcomes (Chi & Wylie, 2014). 

Biochemistry, despite its increased relevance in recent years (Akerfeldt, 2009; 

Committee on Professional Training, 2015; Kirch, 2013; McCoy & Darbeau, 2013; Wenzel, 

McCoy, & Landis, 2015) has had hardly any consensus on what should be taught and how 

instructors should teach it (Association of Biochemistry Educators (ABE), 2017; 

Niederhoffer, et al., 2017; Peterson & Carroll, 2015; Yarden, Macaulay, & Akdogan, 2017). 

Recent high-stake education reports have highlighted the call for raising the awareness of 

our students to the interdisciplinary nature of science (AAAS, 2011). As a scientific field, 

biochemistry is inherently interdisciplinary because it exists on the interface between 

chemistry and biology. Because of the interdisciplinary character of biochemistry, 

discourse across departments is necessary to agree on the content of the biochemistry 

curriculum and topics that will be covered. However, it can be difficult to track the content 

that is being taught in different courses. These challenges demonstrate why it is necessary 

to investigate the way we teach biochemistry content in a variety of classrooms.  

Research has shown that students involved in more interactive classrooms are more 

successful than students in the traditional passive classroom (Chi & Wylie, 2014; Freeman 

et al., 2014; Prince, 2004; Wieman & Gilbert, 2015, 2015). Several documents (National 

Science Research Council, 2012; Wieman, Perkins, & Gilbert, 2010), describing the trends 

in teaching and research, have been highlighting the need to transform our classrooms into 

more active learning environments.  

Knowing how biochemistry instructors perceive their teaching and how they act in 

their classrooms is essential to moving towards an evidence-based teaching reform in 
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biochemistry classrooms. Only with that knowledge, can informed direction and changes 

be initiated, toward more active classroom environments. Understanding the challenges 

and barriers instructors face when to implement student-centered teaching approaches is 

essential to inform future professional development (PD) activities, to encourage adopting 

active learning strategies in Science, Technology, Engineering, and Mathematics (STEM) 

classrooms. Ultimately, work in this area should enhance the implementation of effective 

student-centered teaching methodologies and their success being established in everyday 

teaching.     

Reports such as the President’s Council of Advisors on Science and Technology 

report (Olson & Riordan, 2012) or the report for The National Academies - National 

Research Council Board of Science Education (Fairweather, 2008) within the field of 

undergraduate STEM education have highlighted the need for individual faculty, to take 

on the responsibilities of improving their teaching. Supporting arguments have been made 

in various research articles (Austin, 2011; Henderson, Beach, & Finkelstein, 2011; 

Henderson, Dancy, & Niewiadomska-Bugaj, 2012). Many of these resources have stated 

that it is the responsibility of faculty to become more aware of theories of learning as well 

as knowledge of student learning experiences. Furthermore, faculty are encouraged to 

enrich their knowledge in evidence-based instructional practices (EBIP) (Austin, 2011; 

Fairweather, 2008; Hativa & Goodyear, 2001; Kenny et al., 1999; Olson & Riordan, 2012), 

which is a significant focus of this dissertation. 

There is a rising acknowledgement in the literature of the importance of helping 

faculty extend their consciousness of educational research. Multiple obstacles have to be 

considered, such as the content of individual subjects’ practices and characteristics that 
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inevitably influence instructors’ thoughts, and actions in their classrooms – all of these 

have to be carefully considered and balanced (Gess-Newsome, Southerland, Johnston, & 

Woodbury, 2003; Henderson & Dancy, 2011; NRC, 2012). There have been calls for 

closing the research and teaching gap in chemical education, (de Jong, 2000; Towns, 2013) 

but no such calls have been made in the field of biochemistry education yet. 

The aforementioned reasons highlight the need to investigate the teaching by 

biochemistry faculty members in terms of their perceptions, beliefs and the actions they 

take in their classrooms. To achieve this, we need to characterize how faculty view their 

teaching and different teaching methods so that we can understand why there may be 

resistance to adopting interactive teaching methods.  

With this research, I intended to work towards closing the research and teaching 

gap in biochemistry. In order to add to the existing knowledge on teaching in discipline-

specific education, extending research on faculty perceptions and beliefs on teaching 

(Richardson, 1996; NRC, 2012) to the field of biochemistry is necessary, extending the 

body of knowledge on faculty thinking and approaches they take when teaching in subject 

specific settings will improve the understanding of factors, barriers, and possible 

opportunities that each scientific discipline faces. Understanding these aspects better will 

help facilitate conversations, PD opportunities, and institutional and departmental change 

in regard to teaching quality as well as help faculty obtain research-based instructional 

strategies for their respective classrooms (Henderson & Dancy, 2007, 2009; Henderson et 

al., 2012). The current research literature that focuses on students’ understanding of 

conceptions of STEM topics at the upper-division and graduate course-level is relatively 

limited overall (NRC, 2012) and would significantly benefit from being enlarged through 
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this study, by focusing on the environment instructors’ build for student learning in 

biochemistry.  

1.2 Guiding Research Questions 

The goals of this qualitative study were to understand biochemistry instructors’ 

perceptions and beliefs about teaching, and the influence these factors have on their actions 

in the classroom.  

My guiding research questions were: 

• What are biochemistry instructors’ perceptions and beliefs about teaching 

biochemistry at the college-university level? 

• How do biochemistry instructors think they teach biochemistry? What 

guides the decisions they make on the methods they use to teach 

biochemistry? 

• Do beliefs and styles of teaching biochemistry vary across different types 

of institutions? 

Individual interviews were used to investigate the first guiding research question. The 

second research question was investigated through classroom observations. Results from 

those two research questions were then used to probe the answer to the third research 

question. A review of the literature revealed significant gaps in the research on teaching 

and learning biochemistry done so far (Lang & Bodner, manuscript in preparation). There 

is a developing trend in the biochemistry education community that reflects the increasing 

interest in the investigation of alternative teaching methods (Bevan, Chan, & Tanner, 2014; 

Cicuto & Torres, 2016; Cowden & Santiago, 2016; Fernández-Santander, 2008; Loertscher, 

Villafañe, Lewis, & Minderhout, 2014). This development is consistent with DBER (NRC, 
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2012). Although biochemists are beginning to document how pedagogical techniques are 

utilized by biochemistry instructors (Lang & Bodner, manuscript in preparation), there is 

still a lack of research to capture the “status quo” of the field, such as: What techniques do 

instructors use to teach biochemistry? Why do they make the choices they are making and 

how can the literature stimulate their thinking and innovations when teaching an 

interdisciplinary topic like biochemistry?   
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 LITERATURE REVIEW 

2.1 The Need for Improving Biochemistry Education 

The National Science Board (2009) has argued that educational research has the 

potential to improve instruction and should be used to do so. For at least 30 years however, 

we have been arguing within the field of educational research whether changes should be 

subtle, rather than overt (Eisner, 1984). In recent years, DBER has been growing steadily, 

which incorporates areas such as chemistry education research (CER), biology education 

research (BER), physics education research (PER), and a host of other examples of domain-

specific educational research. In addition, there has been recent efforts to expand the 

context of educational research beyond the traditional focus on the K-12 classroom to 

address challenges of teaching and learning at the introductory college level (NRC, 2012) 

and, to extend this work, as well, to advanced-level courses such as upper-level 

undergraduate biochemistry courses (Bodner & Weaver, 2008). In order for educational 

research to achieve its potential impact on instructional practices, it is essential to raise 

awareness of biochemistry education research (BCER) to practicing biochemists who teach 

these courses. 

The call for improving biochemistry education has yet to be heard, compared to 

other established STEM education research fields such as PER and CER. Biochemists have 

yet to recognize the role that BCER could play in their field, based on the models of CER, 

PER and BER. As mentioned earlier, we have not yet agreed on the product – curriculum 

content – or the process of new approaches to teaching, which should be implemented in 

biochemistry classrooms at colleges and universities. Several programs attempt to address 

this issue and implement BER and CER. The American Society for Biochemistry and 
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Molecular Biology (ASBMB), for example has attempted to raise awareness on improving 

education and PD (Peterson & Carroll, 2015). The ABE has advocated similar changes 

within the context of improving the teaching of biochemistry in medical fields (ABE, 2017). 

Other efforts have been made to bring together researchers and teachers to enhance 

discourse about change within the field of biochemistry education. The International Union 

of Biochemistry and Molecular Biology (IUBMB) and the Federation European 

Biochemical Societies (FEBS) held a conference on “New horizons in biochemistry and 

molecular biology education” at the end of 2017, to “[…] provide a think-tank setting in 

which to draw up ideas to improve the current approach to teaching these subjects, and to 

generate a series of recommendations to be shared with the educational community” 

(Yarden et al., 2017). Efforts like these stress the importance of improvement in 

biochemistry education and serve as the foundation for raising awareness and making 

change happen. 

2.2 Possibilities of Learning about Faculty Teaching Approaches through Interviews 

2.2.1 Evaluating Teaching Practices 

Several approaches have been used in prior work to explore teachers’ thinking. One 

method that has been particularly fruitful is the use of interviews (Seidman, 2013), which 

allowed in-depth investigations to explore the ways teachers think about their teaching. 

This method allows the researcher to achieve a deep exploration of instructors’ beliefs 

regarding important aspects of teaching biochemistry. Interviews to elicit faculty thinking 

have been commonly used in many research studies (Brickhouse & Bodner, 1992; Bruck, 

Towns, & Bretz, 2010; Mack & Towns, 2016; Martin, Prosser, Trigwell, & Benjamin, 
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2000). By selecting interviews as my method of choice, I was able to be better prepared for 

unexpected issues that I did not account for when designing the interview protocol. For 

example, when my interviewees brought up additional personal insight during their 

interviews, I was able to probe further (see Figure 3.3 for semi-structured interview).  

I had expected instructors to bring up possible misconceptions of the 

implementation of instructional practices (AAAS, 2012), because they were not likely to 

be familiar with the research literature on evidence-based teaching practices. The flexibility 

provided by utilizing a semi-structured interview style would have not been possible with 

more restricted methods, such as online surveys. Interviews enabled me to build an 

awareness of instructors’ beliefs and any perceived barriers (as perceived by the 

biochemistry instructors themselves) to implement more evidence-based teaching practices 

(e.g. lectures that facilitative active learning). By using interviews as my major data source, 

I was able to obtain a deeper understanding about the instructor’s beliefs and perceptions. 

2.3 Why Do We Teach the Way We Teach?  

2.3.1 An Overview on Conceptions on Teaching 

Henderson (2002, p. 28) described conceptions to be “instrumental in defining tasks 

and selecting cognitive tools with which to interpret, plan, and make decisions regarding 

such tasks.” Henderson’s definition was informed by prior research by Knowles and Holt-

Reynolds (1991), Nespor (1987), and Pajares (1992). Research on instructors’ conceptions 

of teaching has been extensively done using a phenomenographic lens (Åkerlind, 2004; 

Gonzalez, 2011; Mack & Towns, 2016; Martin et al., 2000; Prosser, Trigwell, & Taylor, 

1994), that looks at the limited number of different ways people “experience” a common 

phenomenon. The goals of most of these studies were to account qualitatively for the 
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existing differences that faculty have in their thinking in the context of teaching, and to 

gain insight in existing differences among their ways of thinking. Using this approach, two 

main teaching relationships were identified by Åkerlind (2008): teacher- and student-

centered teaching conceptions. 

Åkerlind proposed that student- and teacher-centered teaching exist at two ends of 

a spectrum and instructors may incorporate varying levels of student- or teacher-centered 

instructional methods such that students are more or less involved in the learning process. 

At the least interactive level (teacher-centered), faculty focus mainly on presenting material 

with the goal for students to retain the information, but without any further interactions 

between lecturer and audience – a rather “top-down” approach. A more interactive way of 

teaching is the student-centered teaching approach. Using this conception, faculty facilitate 

student learning, with a heavy focus on students’ knowledge construction. With this 

approach, the focus lies on both educators and learners to contextualize in a symbiotic 

teaching and learning environment. Prosser et al. (1994) highlighted different ways of 

thinking about teaching by twenty-four science faculty at Australian universities, with 

specialties in chemistry and physics. They found teaching conceptions that fit into both the 

student- and teacher-centered frameworks: transmitting concepts through teaching, 

teaching as a tool transmitting the teacher’s knowledge, teaching to help students acquire 

concepts in the syllabus, teaching to help students acquire teacher knowledge, students 

develop conceptions through teaching, and teaching as a tool to help students change their 

own conceptions. The first two of these conceptions truly represent a teacher-centered 

approach, whereas the remaining conceptions represented a movement from a teacher-

centered approach towards a student-centered teaching approach.  
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Other phenomenographic studies have looked at conceptions in science teaching. 

Samuelowicz and Bain (1992) and Prosser et al. (1994) analyzed a range of conceptions 

on teaching in their research. In their study, Samuelowicz and Bain (1992) included thirteen 

science and social science faculty from two Australian universities. The teaching 

conceptions they found ranged from teacher-centered conceptions such as “imparting 

information”, “transmitting knowledge” to student-centered conceptions such as “facilitate 

understanding” and “changing students’ conceptions”. Prosser et al. (1994) identified 

teacher-centered conceptions ranging from “transmitting concepts of the syllabus” to 

“helping students acquire teacher knowledge”. Student-centered conceptions they 

identified ranged from “helping students develop concepts” to “helping students change 

conceptions”. Both studies showed a broad range of use and variability of teacher-centered 

and student-centered conceptions, indicating that it is an oversimplification to describe 

instructors’ teaching as exclusively student- or teacher-centered.  

Kember (1997) reviewed 13 studies that characterized conceptions found on 

teaching in five conceptual categories that range from “imparting information” to 

“conceptual change/ intellectual development” (Figure 2.1). His model visualizes a multi-

level categorization of the transition stages between an extreme teacher and student-

centered oriented way of teaching. The two black bars show the boundaries existing 

between certain transition stages. 
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Figure 2.1 Kember's model of conceptions of teaching. Original diagram from Kember 

(1997, p. 264, Figure 2) 

 

The category “conceptual change/intellectual development” emphasized students’ 

own development of knowledge. Including intellectual abilities such as engaging in 

argumentation or highlighting differences, this conception is representative of a more 

student-centered interest and teaching approach. Interestingly, the study found that faculty 

tended to believe their course goals and the material they presented fulfilled the 

interdisciplinary intentions to enhance students’ skills, such as problem solving or critical 

thinking. On the spectrum from teacher-centered conceptual approaches to more student-

centered categories, they also reported on a conception present in the transition phase such 

as the “student-teacher interaction/apprenticeship”.  

Åkerlind’s (2004) interviewed a total of 28 university faculty across different 

disciplines at an Australian university. In her study, Åkerlind (2004) described her results 

in terms of a range of conceptions form “teacher transmission focused” to “student learning 

focused”. Her focus was on faculty’s beliefs on the benefit of their teaching experiences. 

Faculty grouped within the teacher-centered conceptual approach tended to believe that 

through their teaching experiences they developed further subject matter knowledge. 

Faculty that were identified as having more student-centered approaches, however, tended 
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to believe they were able to approach the course material with novel ways of 

comprehending the content by observing students’ ways of thinking about the course 

material.  

In a later research project, Gonzalez (2011) used interviews to investigate faculty’s 

conceptual categories, which ranged from “transmitting basic information of the discipline” 

to “changing students’ understanding/ developing critical thinking”. This study was 

performed at two Australian universities and focused on the interdisciplinary range of 

faculty who were interviewed and the different ways teachers think about their ability to 

enhance student engagement in learning. This study noted that teachers with a student-

centered approach found it important to motivate students and further engage them in 

learning, as well as to challenge students’ existing conceptions.  

Most studies on different ways of thinking about teaching have been limited 

because they did not compare the interview results to actions taken in classrooms. In my 

study, it was therefore of special importance to compare instructor beliefs from interviews 

with their actions in classrooms. This had been done in the study by Martin et al. (2000) 

that found that instructors toward the teacher-centered side of the continuum ended to make 

use of a lecture-based style of teaching. When deciding on assessments within their 

classrooms, the same population tended to prefer challenging exams. Teachers grouped 

within the student-centered orientation tend to utilize whole-class discussions or student 

presentations. 

A recent study by Mack and Towns (2016) reported on the beliefs of instructors 

about teaching physical chemistry. They specifically looked at faculty beliefs about the 

purposes for teaching, with a special focus on undergraduate physical chemistry courses. 
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Within their phenomenographic, interview-based study they focused on a versatile 

population of instructors. Faculty interviewees seemed to agree on the main purpose of 

teaching physical chemistry. They thought that teaching physical chemistry is important to 

equip students with a good foundational understanding of the material, in particular of the 

conceptual knowledge of the course subject matter. Within my study, the biochemistry 

instructor population I interviewed showed a range of conceptions on teaching, such as 

from “teaching as transmission of information” to “teaching as facilitating conceptual 

change”, as first suggested by Prosser et al. (1994) in the context of physical science 

university teachers. Since biochemistry is an interdisciplinary field, I expected that proven 

conceptions might be confirmed, and new conceptions might arise.  

2.3.2 Research on How Teachers Think 

Research on teacher thinking dates back to the 1970s, when guiding research 

questions addressed teachers’ knowledge about teaching, the organization of that 

knowledge, and how their actions were informed (e.g. Clark & Yinger, 1987; Calderhead, 

1996; Shavelson & Stern, 1981). The main focus of such research was to obtain an 

understanding of how teaching occurs (Clark & Yinger, 1987). In particular, the guiding 

interest in teacher-thinking research was to see which teachers’ thoughts and judgments 

guided their decision-making process (Shavelson & Stern, 1981). It is of high importance 

to look at teachers’ ways of thinking about why they use certain methodologies in their 

classroom or why they do not, to better understand what holds them back from advancing 

their teaching practices to more EBIP. Shavelson and Stern (1981), in their review, 

encouraged further research being done in this area, to better understand decision processes 
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teachers experience, especially in discipline-specific contexts. Within the next pages, I am 

highlighting exemplary resources that explored the literature on teachers’ thinking, on how 

they went about their teaching, to build the ground-work for investigating biochemistry 

instructors’ perceptions and beliefs on their teaching practices. I chose to focus on planning 

processes in the next sections, to elucidate the ways teachers’ think and on which beliefs 

they ground their choices in instructional practices on, in more depth.  

Clark and Yinger (1987) described planning as a “psychological process in which 

a person visualizes the future, inventories means and ends, and constructs a framework to 

guide his or her future action” (p.86). Teachers’ behavior in the classroom and the choices 

they make when choosing certain teaching methodologies are influenced through the 

planning processes educators go through when making choices for their classroom teaching. 

Those planning processes are suggested to be influenced by their beliefs, their ways of 

thinking about teaching (Calderhead, 1996). Case studies have identified consistencies 

among teachers’ beliefs about the topics teaching and learning, particularly how teachers’ 

plan their work and execute instruction in their classrooms (Cornett, Yeotis, & Terwilliger, 

1990; Wilson & Wineburg, 1991). Within this study, I am focusing on instructors’ typical 

style of teaching and their reasons why they choose to teach the way they do. Teacher’s 

thoughts (Shavelson & Stern, 1981), and planning processes are an integral part in making 

choices and decisions for teaching purposes, therefore I chose to explore that body of 

literature further to inform my study. 

2.3.2.1 Planning Processes and Decision-Making Actions in the Context of Teaching 

Since teaching at universities and colleges is very different compared to K-12 

schools, I did choose to not draw extensively on the enormous body of literature that exists 
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on teacher planning processes for K-12 educators (Golland, 1998; Panasuk & Todd, 2005; 

Peterson, Marx, & Clark, 1978; Strangis, Pringle, & Knopf, 2006; Wischow, 2008). 

However, relevant studies were included were appropriate, since parallels among educators 

teaching at different school levels might exist. Within the context of this research, the most 

appropriate reference was a review on teacher thinking by Calderhead (1996), which I refer 

back to throughout this chapter. I also cite selected references out of that review, that were 

most applicable to the context of this dissertation.  

Planning is involved in every profession that involves creativity and autonomy, so 

it is of relevance to investigate further decision-making processes instructors follow that 

guide their actions in classrooms. For teachers, planning becomes an essential daily task to 

convey knowledge in a sequential manner. Therefore, explicit training is included in the 

preparation of future teachers to help them understand the importance of “lesson planning.” 

An early study on teacher planning (Tyler, 1950) showed a linear sequence of steps that 

teachers take when designing their courses, including: specification of objectives, selecting 

learning activities, organizing learning activities, specifying evaluation procedures. 

This summary of pedagogical steps when planning an instructional session 

represents what might seem to be a simple process; in practice, however, this process 

becomes complex because it involves thinking about the topic, the level of student 

involvement, and many other factors. Not only is the planning and decision-making process 

complex while thinking about how a day’s lesson will be implemented, on-the-spot 

decisions made during teaching can also be complex. Teachers are required to come up 

with solutions to intricate, unique problems that arise during the process of teaching and 

learning (Schön, 1995). Calderhead (1996) compiled a review of teacher thinking and 
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highlighted several key points of the planning process crucial to teachers. Topics from his 

work that I will explore in the following sections include: teachers’ utilization of different 

kinds of planning, planning’s reliance on prior knowledge and experiences, the need for 

flexibility in planning, design and teaching, and the context of planning within a 

philosophical and pragmatic cycle.  

2.3.2.1.1 Utilizing Different Planning Processes 

Teachers utilize different planning processes (Clark & Yinger, 1987). These 

planning processes vary, depending on whether they have to make a teaching plan for the 

day, the week, or more long-term periods. Henderson (2002) pointed out that teachers may 

focus on the big picture, such as selecting topics, when planning for the overall course. 

When planning on a smaller level, however, teachers focus more on timing issues and the 

organization of activities. 

2.3.2.1.2 Planning Based on Prior Knowledge and Experiences 

While taking into account that planning draws from prior knowledge and 

experiences, Clark and Yinger (1987) and others (Shavelson & Stern, 1981) have pointed 

out that teachers draw on multiple resources when making decisions on planning their 

teaching, such as incorporating student prior experiences, taking into account student 

content knowledge on the subject, as well as utilizing any instructional strategies they use 

or are aware of.  

2.3.2.1.3 Planning as a Flexible Task 

The extent to which teachers are flexible with regard to their teaching depends on 

their experience within their profession. Henderson (2002), for example, determined that 
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teachers who have not taught for long are more likely to follow their original plans, which 

experienced teachers realize is not always beneficial. Calderhead (1996) pointed out that 

experienced teachers build off of a skillset and practical knowledge that they have 

accumulated over the years, which equips them to deal with unforeseeable situations that 

may arise within the course of teaching.  

2.3.2.1.4 Teaching and its Component of Design 

Teaching requires actively designing new tasks and measures to address a number 

of versatile problems that vary in complexity (Clark & Yinger, 1987). Problems like these 

cannot be solved by following a rulebook or contrived procedures; they often require a 

unique solution (Schön, 1984, 1995). Identifying the unique solution is a challenge 

encountered by every practitioner who find themselves in the process of reflection. This 

process is most beneficial if it is routed in a cycle, where the cycle should consist of action 

taken to account for the problem, an appreciation to phase the problem, and a platform to 

provide steps towards the problem faced. The more cycles a practitioner goes through, the 

more refined the solution becomes (Schön, 1984).  

2.3.2.1.5 The Philosophical and Pragmatic Cycle of Planning - Exemplary Studies 

Many factors influence the philosophical and pragmatic cycle of instructional 

planning, such as materialistic considerations of the availability of resources, or which 

books or equipment can be used. The setting (e.g. the philosophy of the school and the 

expectations of institutions) in which the teacher works also plays a significant role in the 

planning process, as well as teacher’s personal views, beliefs, and perceptions of teaching 

(Henderson, 2002). In the context of my study, I also looked at what factors instructors 

considered when or when not choosing a teaching strategy within their specific teaching 
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environment. This choice making process is tightly linked to planning processes in teaching 

settings. I wanted to therefore elicit more on exemplary literature discussing the research 

on lesson planning processes, because some of the same problems may also occur with 

faculty who teach biochemistry.  

The literature reveals that research on how educators plan has been predominantly 

focused on primary-school educators (Calderhead, 1996). However, studies have also 

concentrated on the planning and decision-making processes instructors are involved in at 

the secondary, college, and university-level (Andresen, Barrett, Powell, & Wieneke, 1984; 

Taylor, 1970). The studies that have been done so far seem to show similar experiences in 

teaching, even though instructors at higher-level schools have to face different context-

dependent challenges based on their unique and varying teaching settings. Taylor (1970) 

focused on the planning strategies of secondary teachers by using focus-group interviews, 

analysis of accompanying course documents, and questionnaires. His results describe four 

main factors that surrounded instructional and curricular planning by teachers: 1) materials 

and resources, 2) students’ interests, 3) aims and purposes of teaching, and 4) evaluation 

considerations. These results are in contrast with the sequential model (Tyler, 1950) I 

described above, which focused primarily on the purposes of teaching and its objectives, 

rather than interacting factors within a classroom. Taylor found that the group of teachers 

incorporated contextual factors as well as characteristics from the student population more 

than paying attention to objectives, indicating the complexity of instructional planning. 

Andresen et al. (1984) studied college teachers’ involvement in planning by 

conducting weekly interviews with college teachers from various disciplines. Their data 

showed that teachers seemed to have adopted an ongoing routine of planning throughout 
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their teaching, primarily focusing on subject-matter knowledge, and, in particular, on how 

to select, organize, and communicate content. For faculty, organizing teaching material of 

any sort helps them transfer their knowledge and skills to their students. Even Tyler (1950) 

described promising implications for planning, it was likely to break down when 

spontaneous and situational decisions within the classroom needed to be made.  

When looking closer at planning strategies in the primary-school setting, Yinger 

(1980) designed a cyclical three-stage model that could describe ways teachers plan which 

entailed: finding the problem, designing the cycle, and planning implementation and 

evaluation. At the stage of finding the problem, many factors such as the teachers’ goals 

and the utilized planning materials can interact to cause a problem. Yinger found that 

instructors became deeply involved in their investigations while solving problems. 

Through the acquisition of knowledge and practical problem-solving experience, teachers 

gain expertise that might be of use in future planning processes. This reflection allows them 

to learn from and evaluate implementations, informing future changes instructors can make.  

Yinger’s model replaces the sequential model proposed by Tyler (1950), which focused on 

the purposes and objectives involved in teaching. The cyclical nature of using prior 

knowledge and experience to inform future planning and implementation aligns well with 

today’s understanding of instructor performance in unforeseeable teaching situations 

(Schön, 1984, 1995).  

While the existing literature mostly describes teacher planning processes and 

actions taken when making decisions and focuses primarily on elementary and secondary 

teachers, these references are applicable to this study because the biochemistry professors 

that are the subject of my study may have similar experiences while planning for lecture. 
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Instructors at all levels take part in the cycle of theoretical planning, taking action, and 

reflecting on their teaching. As stated earlier, the contextual setting in which teaching will 

be investigated needs to be considered, since this is a variable that changes significantly 

among institutions and levels of educational practices. By looking at instructors’ intentions 

for teaching, problem-solving, and facing educational challenges, I intended to gain further 

insight into their knowledge and beliefs, informing my understanding of the actions they 

take when teaching biochemistry. These complex relationships led me to utilize qualitative 

research methods to deeply study the perceptions and beliefs biochemistry instructors hold 

and how they relate to their teaching actions in classrooms.  

2.3.3 Looking at Ways to Teach 

2.3.3.1 Reporting on the Relationship of Beliefs and Actions in a Hermeneutic Fashion 

Research on the practice of teaching has been described for decades in research 

articles (Fang, 1996; Shavelson & Stern, 1981; Stipek et al., 2001) and books (Carlgren, 

Handal, & Vaage, 1994; Cochran-Smith & Lytle, 1993; Zeichner, 1994) and will continue 

to be of interest in a world experiencing continuous change in teaching reforms. The section 

highlighting conceptions on teaching provided an excerpt from the literature to build a 

foundation to investigate the actions of teachers in classroom settings and their 

corresponding individual beliefs. Studies situated within a hermeneutical framework, in 

particular, propose a versatile relationship between actions taken by teachers in classrooms 

and their associated perceptions and beliefs (Richardson, 1996). Beliefs and actions 

mutually influence each other, in that beliefs can drive actions and teaching experiences 

can lead to changes in beliefs. Since beliefs and practices about teaching can be both 

individual- and context-dependent, a closer look at various populations in different 
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teaching contexts could provide a better understanding of how beliefs and actions relate to 

each other, acknowledging that their relationship is considered dynamic and interactive 

(Richardson, 1996). This is one reason why recruiting a versatile group of instructors from 

varying institutions will add to the enrichment of my results. 

Exploratory groundwork on teachers’ beliefs within a hermeneutic lens was 

conducted by Bussis, Chittenden, and Amarel (1976). Their study focused on investigating 

teachers’ personal constructs with respect to the curriculum and the students. The 

researchers concluded that personal constructs emerge from individualistic interpretations 

of everyone’s world. Furthermore, in order for teachers to change, they need to be 

continuously involved in a cycle of self-exploration, continuous reflection, and 

experimentation.  

About ten years after the work by Bussis et al. (1976), Clandinin (1986) concluded 

that each teacher’s experiences result in the construction of images that are an integral part 

of their personal practical knowledge. In his interpretation of the formation of teachers’ 

beliefs, the author stated that each teacher’s images, about their experiences, were reflected 

in in-class practices and routines. Cochran-Smith and Lytle (1990, p. 7) went a step further 

and called teachers’ theories “sets of interrelated conceptual frameworks grounded in 

practice”. This definition differs from simply stating that teachers’ beliefs result in images 

that define their ways of teaching by describing their beliefs as influencing their instructor 

whole approach to teaching. 

The studies mentioned above were conducted in the hermeneutic tradition and 

emphasized attempts to include the interactive nature of beliefs and actions. This approach 

can also be seen in the work of Schubert (1991, p. 214) who looked at the relationship 
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between beliefs and actions in praxis and defined the symbiotic link of both as “a union of 

theory and practice in reflective action”. 

With these benefits and viewpoints in mind, I conducted my study in the 

hermeneutic tradition to obtain in-depth insight into teacher’s beliefs and to situate the 

results of my research within their historical context. This theoretical framework put the 

results of my interviews into a contextual framework that guided my way of thinking. It 

was a framework that helped me frame my focus of this study and provided guidance when 

interpreting the results. 

2.3.3.2 Actions Taken in Scientific Classrooms 

Bodner, Metz and Tobin (1997) addressed the relationships between the levels of 

interactions within a classroom setting. Figure 2.2 indicates there are different levels of 

student-teacher interactions between the extreme teaching approaches described as 

teacher-centered or student-centered, and that these different levels occur in everyday 

classroom settings. As noted previously, teacher-centered approaches have non-interactive 

teaching and whole-group interactions in common, whereas student-centered teaching 

approaches is characterized by interactive approaches to teaching and small-group 

engagement. 



43 

 

 

Figure 2.2 The relationships between styles of teaching within a classroom setting. 

Original diagram from Bodner et al. (1997, p. 2, Figure 1) 

 

Bodner et al. (1997) observed that math and science classes have traditionally involved the 

whole group of students being exposed to a teaching environment where non-interactive 

lecturing is the primary teaching method. This is unfortunate because previous work has 

shown that the level of student engagement is critical and is directly correlated with student 

success (Trigwell & Prosser, 1991). Furthermore, active learning approaches have been 

repeatedly recommended to improve student engagement, which ultimately results in 

deeper learning (Anderson, 2007; Klymowsky & Cooper, 2012). There are many resources 

that instructors can utilize to provide ideas regarding active teaching methods (McKeachie 

& Svinicki, 2014). However, there are many factors that influence faculty’s teaching 

behavior and might influence their resistance or reluctance to use active learning 

pedagogies.  

As mentioned previously, it is necessary to understand how instructors think about 

teaching so we can understand why they teach the way they do. By exploring biochemistry 

instructors’ perceptions about teaching, I was able to reveal barriers experienced by these 

faculty that prevent the use of active learning and student-centered teaching methods. Once 
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we, as a community, better understand these barriers, we might be able to address them 

and thereby work toward improving instruction. 

2.3.3.3 Examples of Barriers to Adopt Evidence-Based Practices 

Changes in teaching through the translation of research into practice does not come 

easily. One reason for this is that teaching behavior is largely impacted by factors such as 

situational context, just like human behavior in general (Bronfenbrenner, 1979). Wieman 

et al. (2010) proposed possible barriers for adopting evidence-based teaching practices in 

upper-level science classrooms. They called for a fundamental change in “how science is 

taught at major research universities” (p. 14) and described how this remains a challenging 

but important goal to be achieved. Wieman et al. (2010) stated that educational 

transformation should happen on three levels: i) the departmental, ii) the faculty, and iii) 

the course. 

Henderson and Dancy (2007) developed the Toy model shown in Figure 2.3 on the 

basis of interviews with instructors of introductory college-level physics. Their model 

illustrates the relationship between characteristics (situational, individual) influencing 

instructors’ adaptation to change of their teaching practices with respect to their different 

ways of teaching (alternative, semi-alternative, mixed, semi-traditional, or traditional 

instruction). 
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Figure 2.3 Toy model - the prediction of behavior related to individual and situational 

characteristics. Original diagram from Henderson and Dancy (2007, p. 11, Fig. 2) 

 

Individual characteristics consist of beliefs, values, and instructor knowledge. 

Situational characteristics include, for example availability of teaching resources and 

acknowledgement of efforts for change in teaching practices within the department. 

According to their model, instructors will become more varied in their teaching practices 

if situational characteristics are less supportive of traditional teaching instructions. Other 

studies that looked at college science faculty as well as non-science faculty in the context 

of this model have agreed that situational factors significantly influence instructional 

choices (Murray & Macdonald, 1997; Norton, Richardson, Hartley, Newstead, & Mayes, 

2005; Prosser & Trigwell, 1999; Sunal et al., 2001). It has been suggested that the 

situational characteristics of individual instructors are crucial for making changes in 

instructional choices (Henderson & Dancy, 2007).  
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More recent studies have increased our understanding of barriers to making changes 

in teaching practices and introducing research into classrooms Austin (2011) and 

Fairweather (2008), for example, identified “local” barriers such as departmental peers, 

instructional leadership, personal beliefs and values as well as the reward systems they do 

or do not experience. Several researchers have analyzed these factors in greater detail 

(Eckel & Kezar, 2003; Fairweather, 2005; Fisher, Fairweather, & Amey, 2001; Kezar, 

2008; Komives, 2010; Schuster & Finkelstein, 2006). Even though institutions can be 

organized very differently, they face common challenges and obstacles (Eckel & Kezar, 

2003). One major difference various levels of institutions face are their emphasis on 

scholarly acknowledging the advancement in teaching of academics (Fairweather, 2005). 

Doctoral granting institutions, in particular, may not yet value the quality of teaching their 

faculty deliver in a monetary way (Fairweather, 2005) or include it with responsible means 

into their academic advancement on the reach to tenure (Stains et al., 2018). However, it is 

needed to advance the methods we use in teaching, to promote the implication of learner-

centered environments as stated by Fisher et al. (2001) for instance. The pace in which 

change academic institutions underwent in the past and are still facing (Schuster & 

Finkelstein, 2006) needs to be further addressed (e.g. Kezar, 2008; Komives, 2010). 

 The recent book Transforming Institutions by Weaver, Burgess, Childress, and 

Slakey (2015) emphasized that faculty deal with multiple influences throughout their 

teaching, including human relationships, departmental restrictions, and institutional goals. 

Weaver et al. (2015) called for a change in instruction while also addressing faculty 

development and considering spatial and technology constraints. This call was supported 

by the Teagle Working Group for ASBMB (Wolfson, 2010), who emphasized not to “… 
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underestimate the barriers to changing the culture in ways that promote effective teaching” 

(p. 22). 

The references described in this section demonstrate the need to investigate 

instructor beliefs and perceptions. Instructor beliefs are an important factor within the 

characteristics that hinder faculty making changes in their teaching practices. By 

understanding these beliefs, we might be able to influence changes in the way biochemistry 

is taught toward the use of evidence-based practices. 

2.3.3.4 Teaching Practices in Biochemistry 

The ASBMB has been involved in broadening educational goals for biochemistry 

and molecular biology majors (Wolfson, 2010). This is consistent with the National 

Science Foundation and the National Academy of Sciences efforts to raise awareness to 

improve science education (Fairweather, 2008). The overarching goal is to bring active 

learning techniques into the biochemistry classrooms (Palocaren, Pillai, & Celine, 2016) at 

a rate best described as “one step at a time” (Loertscher, 2009). 

What still remains to be determined, however, is which methods are currently used 

in biochemistry classrooms, since only a few studies have done that leave the overall 

impression that biochemistry is still be taught mostly by lecture and seldom makes use of 

active learning techniques (Alamoudi, Hassanien, Al Shawwa, Bima, Gad, & Tekian, 2018; 

Wolfson, 2010). These results are consistent with teaching practices we see enacted in other 

STEM disciplines (Stains et al., 2018).  

Several recent studies have appeared on the teaching styles used in science 

classrooms. The recent study by Lund and Stains (2015) focused on the importance of 
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context in influencing chemistry, biology and physics faculty towards student-centered 

teaching methods. That study looked at the influence of departmental factors that might 

contribute to why faculty teach the way they do. Observational and survey data obtained 

at one research-intensive university in the United States indicated that existing disciplinary 

differences are among the most important barriers to implementing EBIPs (Lund & Stains, 

2015). Physics instructors dominated the group that verbalized the most positive views on 

student-centered teaching. In addition, physics faculty tended to experience no 

departmental holdbacks to adopting EBIPs. In contrast, the chemistry faculty revealed 

more teacher-centered views and also experienced contextual factors that hindered them 

from successfully adopting student-centered practices. In the case of biology faculty, they 

seemed to fall between the viewpoints and experiences reported by the physics and 

chemistry faculty. With their study, the Lund and Stains showed that departmental 

influences correlate with the level of adoption of EBIPs used by instructors. This study also 

revealed a need to further investigate what influences vary among departments and the 

status quo regarding the level of adoption of EBIPs in different departments. This is a 

particularly important point to consider in my research, since biochemistry is taught across 

multiple institutions and departments and the biochemistry community has yet to document 

the degree of variation of teaching beliefs and actions in biochemistry classrooms. 

An analysis of the BCER literature (Lang & Bodner, manuscript in preparation) 

reveals, among other trends, a focus on improvements and suggestions on classroom and 

laboratory practices for teaching biochemistry. This analysis also revealed that the 

published studies are predominantly situated within the lecture setting, with a focus on 

identifying learning difficulties and suggestions for improved teaching. Criteria for the 
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papers selected for this review were: a clearly defined topic of investigation, an explicitly 

stated methodology, and clearly presented results. Within the scope of this dissertation, I 

will incorporate only a few exemplary papers to give an insight into the state of BCER 

today. 

When looking at classroom and laboratory practices for teaching biochemistry, 

specifically with regard to lecture practices, I noticed an increasing body of literature 

focusing on the use of technology within biochemistry classroom settings. The U.S. 

Department of Education (2017) begins a discussion of the use of technology in teaching 

and learning by noting: 

Technology ushers in fundamental structural changes that can be integral to 

achieving significant improvements in productivity. Used to support both teaching 

and learning, technology infuses classrooms with digital learning tools, such as 

computers and hand held devices; expands course offerings, experiences, and 

learning materials; supports learning 24 hours a day, 7 days a week; builds 21st 

century skills; increases student engagement and motivation; and accelerates 

learning. Technology also has the power to transform teaching by ushering in a new 

model of connected teaching … [that] … links teachers to their students and to 

professional content, resources, and systems to help them improve their own 

instruction and personalize learning. 

 

There are clear patterns in the BCER literature. One historically established interest 

is the use of visual images in teaching biochemistry. As noted by Bodner, a collection of 

handouts using visual images was handed down to him by previous instructors when he 

first taught biochemistry in 1975. Articles that discuss the incorporation of visualization 

into biochemistry courses have used a variety of different forms of technology (Allred, 

Zahilyn, Tai, Bretz, & Page, 2017; Dash, Kamath, Rao, Prakash, & Mishra, 2015; Gunersel 

& Fleming, 2014; Terrell & Listenberger, 2017; Richardson et al., 2005). However, there 

has not been a significant amount of research that examines the effect this technology has 

on student learning, attitude, retention of content knowledge, or transferability to other 
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courses of content learned through the use of this technology. There has been relatively 

little BCER that differentiates between the strengths and weaknesses of various approaches. 

Studies that have been carried out often focus on the training of medical professionals 

(Dash et al., 2015; Prakash, Muthuraman, & Anand, 2017; Shaw & Molnar, 2011), which 

can be fundamentally different from the sample population in a typical undergraduate 

biochemistry lecture and/or laboratory course. As a result, there exists a gap in the CER 

literature that suggests the need for research to examine the effects of technology on student 

learning, attitude, retention, and/or transfer of knowledge resulting from incorporation of 

new forms of technology into the biochemistry lecture and/or laboratory classroom.  

Without commenting on the strengths and weaknesses of various approaches to 

integrating technology into the biochemistry classroom, I noted studies involving the use 

of videos, clickers, and games in both classroom-based and online settings only within the 

context of the biochemistry lecture. In general, by summarizing exemplary papers that 

provide a brief overview on this developing field, research on the use of technology in 

biochemistry courses suggests: 

• Using a video in class can improve working memory capacity and cognitive 

processing (Dash et al., 2015). 

• When lectures were videotaped and provided to students online, student test 

scores improved significantly, with a more significant benefit for non-native 

English speakers (Shaw & Molnar, 2011). 

• Within the context of multimedia instruction, logical thinking was the only 

factor related to learning outcomes (Schoenfeld-Tacher, Jones, & 

Persichitte, 2001). 
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• The use of clickers in distant and non-distant learning is enjoyable and 

beneficial to students and, from the students’ perspective, could be used 

more in classes or online (Miles & Soares da Costa, 2016). 

• The use of reaction animations can lead to improved student performance 

(Gunersel & Fleming, 2014). 

Learner-centered approaches to teaching in biochemistry are being investigated in 

the BCER literature. Anderson (2007, p. 465) began a useful stream of papers on the issue 

of bridging the gap between the results of educational research and teaching practice by 

noting: 

There is a large body of educational research results available in the science 

education literature that could be usefully applied for the improvement of teaching 

practice in biochemistry and molecular biology. Unfortunately, for a great variety 

of reasons, such applications are relatively limited in our discipline. In this first 

paper in the series, Bridging the Gap, I describe some of the barriers that are 

hampering the bridging of this gap and suggest some possible strategies that 

colleagues might wish to try in order to promote the wider use of this excellent 

educational resource. 

 

Research into learner-centered techniques for teaching in chemistry is a well-

established field. It has been over 30 years since Bodner (1986) presented to the CER 

community an approach addressing ways of thinking about teaching and learning based on 

the constructivist theory of knowledge. He advocated new approaches to teaching through 

rising awareness in our courses that we need to investigate how we teach, not only changing 

what we teach (Bodner, 1992).  

A series of papers have appeared in the last 10 years on new approaches to teaching 

the content associated with biochemistry courses (e.g. Bevan et al., 2014; Conway, 2014; 

Minderhout & Loertscher, 2007). There has been a particular emphasis on the use and 

effectiveness of interactive teaching approaches as well as an emphasis on introductory 
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courses, with special attention to the general topic of structure and function. Bevan et al. 

(2014), for example, compared an interactive teaching approach versus a didactic, lecture-

based approach in terms of both surface-level and deep learning in different classroom 

settings. They concluded the traditional lecture setup encourages students to adopt a 

surface-learning approach, whereas biochemistry taught in a more engaging way utilizing 

different forms of assessment resulted in deeper levels of student learning. The benefit of 

interactive environments was also studied by Conway (2014) who compared students’ 

performance on exam grades and final course grades taught by lecture, lecture/guided 

inquiry, and guided inquiry course formats. She concluded that student performance after 

guided inquiry instruction [using Process Oriented Guided Inquiry Learning (POGIL) 

materials or even partially guided inquiry approaches] was significantly better than 

performance after traditional lecture techniques. 

Loertscher, a firm believer in POGIL, sought to answer the call for more student 

engagement and active learning methodologies in biochemistry classroom settings (Bailey, 

Minderhout, & Loertscher, 2012). Within this active teaching methodology, one would 

apply in a classroom the following format to engage more student-centered teaching: (i) a 

pre-class assignment, (ii) an in-class assignment and (iii) a post-class assignment 

(Minderhout & Loertscher, 2007). In general, the research literature reveals a strong benefit 

for students and teachers when using any sort of inquiry-based approaches, such as 

community-approaches (Goeden, Kurtz, Quitadamo, & Thomas, 2015) or group-work 

approaches (Fernández-Santander, 2008).  

Problem-based learning (PBL) techniques are also widely studied in BCER. 

Anderson, Mitchell, and Osgood (2005) investigated a learning environment that involved 
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cooperative learning, PBL, and inquiry-based learning. They noted improvements in 

student performance in terms of specific content knowledge and problem-solving skills as 

well as students’ opinions of the course when these techniques were implemented in an 

introductory biochemistry class. Cowden and Santiago (2016) also studied the effect of 

implementing a PBL approach.  

The BCER community has started to look at verbal and physical models to help 

students gain better access towards learning biochemistry. Orgill, Bussey, and Bodner 

(2015) have reported extensive research on the use of analogies in biochemistry classrooms. 

Physical models have been shown by Forbes-Lorman et al.  (2016) to improve students’ 

understanding of three-dimensional mental models of the structure of biomolecules and 

their ability to logically predict structure-function relationships.  

These studies reflect a growing number of attempts to investigate the benefits of 

alternative teaching resources that biochemistry educators could use at college/university-

level institutions. 

More than 30 years ago, Bodner (1986) noted that “teaching and learning are not 

synonymous; we can teach, and teach well, without having the students learn.” It is 

therefore encouraging to note that recent research has focused on finding effective ways of 

not only teaching biochemistry, but having students learn biochemistry. Studies have 

probed the positive effects of these new approaches on student performance, attitude, 

retention, and transfer. Many of these new approaches to teaching are based on creating an 

interactive learning environment that often involves cooperative or collaborative 

environments or techniques such as problem-based learning. Others involve incorporating 

inquiry-based or authentic research approaches into the laboratory.  



54 

 

Much of this work presumes that we expect more from our students, including skills 

such as critical thinking or research-based thinking, that might not have been made an 

integral component of traditional biochemistry classes. While the groundwork has been 

laid in many different areas, more work must be done to better understand how we can 

improve biochemistry teaching. Fortunately, the work done so far suggests that more 

engaging learning environments can give rise to better-motivated students, who have a 

more positive attitude toward learning the material we value most.  

At one point in their evolution, chemistry, mathematics, and PER each separated 

themselves from “science education” by recognizing the importance of disciplinary 

expertise in shaping the guiding research questions that not only could, but should, be asked. 

It is this sentiment that narrows the focus of this study to a discipline-specific instructor 

population, the discipline of biochemistry. No matter how broad or interdisciplinary they 

might be, BCER and engineering education research have had the advantage that they can 

focus primarily (if not exclusively) on college/university level courses. They are ideal 

topics, therefore, for DBER, which the NRC report entitled Discipline-Based Education 

Research: Understanding and Improving Learning in Undergraduate Science and 

Engineering (NRC, 2012) described as having the following goals: 

• Understand how people learn the concepts, practices, and ways of thinking 

of science and engineering. 

• Understand the nature and development of expertise in a discipline.  

• Help identify and measure appropriate learning objectives and instructional 

approaches that advance students toward those objectives. 
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• Contribute to the knowledge base in a way that can guide the translation of 

DBER findings to classroom practice. 

• Identify approaches to make science and engineering education broad and 

inclusive (p. 9). 

These goals for DBER make an important point: It is obvious that biochemistry 

education researchers need to communicate with each other to move this field of 

scholarship forward, but they also need to communicate with practitioners, to guide the 

translation of research results into classroom practice. The most recent DBER report by the 

NRC (2012) also recommend that “research is needed in a wider variety of undergraduate 

course settings” as well as enhancing the contributions on “interdisciplinary studies of 

cross-cutting concepts and cognitive processes”. 

If we do not begin investigating discourse among educators who carry out 

biochemistry education in classrooms and researchers, we will not know what stops the 

teaching of biochemistry from advancing toward evidence-based educational practice. We 

need to know why educational innovation is not being done and what holds instructors at 

university and college level from making use of more innovative teaching techniques to 

foster student learning.  
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 METHODS 

3.1 Guiding Research Questions 

Within this study I investigated biochemistry instructors’ perceptions and beliefs 

about teaching, and factors influencing their ways of instruction. The following three 

research questions guided this work: 

• What are biochemistry instructors’ perceptions and beliefs about teaching 

biochemistry at the college-university level? 

• How do biochemistry instructors think they teach biochemistry? What 

guides the decisions they make on the methods they use to teach 

biochemistry? 

• Do beliefs and styles of teaching biochemistry vary across different types 

of institutions?  

3.1.1 Clarifying My Research Questions 

3.1.1.1 How do I Define Biochemistry? 

As a working definition for biochemistry for this study, I operationalize the one 

proposed by the American Chemical Society (ACS) that biochemistry is 

the study of the structure, composition, and chemical reactions of substances in 

living systems. Biochemistry emerged as a separate discipline when scientists 

combined biology with organic, inorganic, and physical chemistry and began to 

study how living things obtain energy from food, the chemical basis of heredity, 

what fundamental changes occur in disease, and related issues. Biochemistry 

includes the sciences of molecular biology, immunochemistry, and neurochemistry, 

as well as bioinorganic, bioorganic, and biophysical chemistry. (ACS, 2016) 
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3.1.1.2 What do I Mean by the Term “Teaching” 

According to (AAAS, 2012), the term ‘teaching’ describes activities performed by 

people fulfilling a role whose intention is to bring about student learning. When 

investigating the manner in which teaching is executed, one looks at the way knowledge 

and beliefs affect how instructors go about a desired outcome within their classrooms, and 

the steps they take to communicate their own knowledge to their audience. Each instructor 

approaches teaching through mental frameworks that are considered “instrumental in 

defining tasks and selecting cognitive tools with which to interpret, plan, and make 

decisions regarding such tasks” (Henderson, 2002, p. 28). This definition made it necessary 

for me to further articulate my working definitions of beliefs and perceptions, and describe 

their interplay within the context of this study. 

3.1.1.3 What do I Mean by the Term “Beliefs”? 

Pajares (1992) offered a description of the concept of a ‘belief’ that reflects how I 

interpret it within the context of this study. He contrasted belief and knowledge: “Belief is 

based on evaluation and judgment; knowledge is based on objective fact” (p. 313). This 

definition highlights the strong subjective component inherent in beliefs. Within the scope 

of this study, I was interested in elucidating the instructors’ personal beliefs on the teaching 

of biochemistry and what actions they take in the classrooms as a result of these beliefs. 

Several studies have shown that beliefs among individuals vary (Fang, 1996; Mack & 

Towns, 2016; Stipek et al., 2001). Since I assumed the same to be true for the instructor 

population I was investigating, I choose to use the working definition illustrated above. 
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3.1.1.4 What do I Mean by the Term “Perceptions”? 

Munhall (2008) described perception in The SAGE Encyclopedia of Qualitative 

Research Methods as follows: 

Perception is a mode of apprehending reality and experience through the senses, 

thus enabling discernment of figure, form, language, behavior, and action. 

Individual perception influences opinion, judgment, understanding of a situation or 

person, meaning of an experience, and how one responds to a situation. A common 

way of defining perception is “how we see things.” However, perception is a 

process involving not only the senses but also complex underlying mechanisms. 

Perception, which is mediated through the interconnectedness of mind and body, is 

an individual's access to experience and interpretation in the world. Perception of 

varying objects depends on the context in which they are experienced for 

interpretation and meaning. Perception is like a set of lenses through which an 

individual views reality. These lenses evolve from perspectives of location, 

subjectivity, particularity, history, embodiment, contradiction, and the web of 

teachings imparted to the individual. 

 

Munhall emphasized that individuals express their perceptions through behavior and 

reactions towards one’s environment. Realities are constructed based on perceptions and 

can be understood as interpretations, which often become the individual’s “truth.” This 

definition and description reflect the interconnectivity between perceptions and actions that 

I needed clarify for this research study. 

Overall, through each instructor’s own beliefs and perceptions, each inevitably 

establishes a working attitude under which one operates. This working attitude can 

influence the way an individual teaches – whether or not they are aware of it. By 

investigating and understanding an instructor’s perceptions, beliefs, and actions I aim to 

elucidate the ‘status quo’ of teaching biochemistry to further initiate change to enrich the 

field. By understanding instructors’ beliefs and perceptions about teaching, and how those 

relate to and reflect on their actions in the classrooms, we can better understand what 

challenges and barriers they face when choosing to enact or not enact evidence-based 

teaching approaches. Knowledge of such challenges and barriers are crucial, e.g., for 
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expanding the body of literature on creating better PD opportunities for instructors at 

colleges and universities to more successfully implement effective teaching methods in 

their classrooms.  

3.2 Theoretical Framework 

3.2.1 Hermeneutics 

It is considered best practice to state the theoretical framework that will be used for 

a particular study. While not all qualitative researchers verbalize their viewpoints clearly, 

it is assumed that all research has a theoretical perspective (Bodgan & Biklen, 1998; 

Merriam, 2009). Whether stated in the work or not, researchers can only benefit from a 

theoretical framework if they are intentional in communicating their interpretation as well 

as application of theory in respect to their work (Bodner, 2004).  

For this work, I used a broad viewpoint on the role of theory in qualitative research 

(Anfara & Mertz, 2015).  

The theoretical framework I chose for this study was hermeneutics, which 

functioned as both the theoretical foundation upon which the study was based (Denzin & 

Lincoln, 2011) as well as a lens to view and analyze my data.  

Hermeneutics is considered the “art of understanding” (Shane, 2007, p. 108): “… 

the researcher acts as the voice of the participants by establishing the context of their 

actions and by communicating both overt and tacit findings in a clear, fair, and 

comprehensive manner” (Gadamer, 2000; Patton, 2002). Although hermeneutics has its 

origins in the interpretation of sacred texts, it is now commonly used in qualitative research 

as a means for interpreting any kind of text, either written or spoken, and is useful to 

understand the way in which individuals and groups construct meaning within a given 
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context (Patton, 2002). Hermeneutics bases its execution on four key assumptions 

(Gadamer, 1976, 1996, 2000; Patton, 2002).  

• A specific, historical context is important for understanding to occur. 

• A fine interplay between the individual doing the interpretation and the 

object/ phenomenon being interpreted is key, where understanding must be 

formed during a mediated or dialogic event. 

• Language aids formulation of understanding; this can occur in written or 

oral context. 

• Throughout the entire research process, it is crucial for the researcher to 

document their own personal biases, perceptions, and metamorphosis of 

understanding. 

Patton (2002, p. 497) describes how hermeneutics can be used to generate meaning 

from qualitative data: “Hermeneutics focuses on interpreting something of interest, 

traditionally a text or a work of art, but in the larger context of qualitative inquiry, it has 

also come to include interpreting interviews and observed actions”. Its use is rather 

generalizable, either when using spoken or written language. Other researchers such as 

Bodner and MacIssac (1995) and Geelan and Taylor (2001) have helped establish 

hermeneutics as a useful choice for qualitative research. 

In order to use hermeneutics as a theoretical framework, the researcher must 

recognize the complexity and context-sensitivity required in educational environments. 

The choice of hermeneutics as my theoretical framework guided my approach to collecting 

and interpreting data from participants with varying backgrounds and narratives to share. 

Implementing hermeneutics as my guiding framework through data analysis and 
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interpretation, enriched my research design and gave my study the necessary theoretical 

structure upon which I could build this project.  

Discussions of hermeneutics as a theoretical framework emphasize the importance 

of the hermeneutic cycle or spiral “… to facilitate understanding and to generate holistic 

meaning from specific components embedded within qualitative data" (Shane, 2007). 

Within this process, I, as the researcher, cycled through the data, related research, and my 

earlier interpretations to gain a better understanding of the phenomenon under study. The 

hermeneutic cycle closes when “… the specific parts of the data can be interpreted within 

a greater whole” (Shane, 2007).  

With this theoretical framework, I intended to build on a foundation of 

understanding how to interpret various data sources and how to communicate the message 

in my dataset in a fair and comprehensive manner. By successfully closing the hermeneutic 

cycle, I achieved the task of giving my participants a “voice” in an environment in which 

they might not otherwise have been able to express themselves. 

3.2.2 A Critical View on the Framework Used 

Hermeneutics has limitations that needed to be considered for this study. A broad 

criticism that is also leveraged against qualitative research in general is the lack of guidance 

in data analysis. The main problem is that there is no “… standard or universal analysis 

procedure” (Bodner & Orgill, 2007, p. 116). The circle, then, is not formal in nature. It is 

neither subjective nor objective, but describes understanding as “the interplay of the 

movement of tradition and the movement of the interpreter” (Gadamer, 2000, p. 293). In 

order to overcome this limitation for reliability purposes, I used additional data analysis 

tools such as the general inductive approach (Thomas, 2006), to condense my results during 
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the hermeneutic cycle. Furthermore, I performed investigator triangulation (Patton, 2002) 

by carrying out peer-review: I asked other graduate students with similar educational or 

research background to review results that evolved during the analysis process. As an 

additional method of data triangulation, I shared my interpretation of the interview 

transcripts and additional artifacts with my faculty interview participants. 

3.2.3 Research Design 

The goal of this study was to understand and describe instructors’ perceptions and 

beliefs about teaching biochemistry in lecture settings. In particular, I was interested in the 

factors that biochemistry instructors perceive to be crucial for determining the way they 

teach their courses and the actions they take in their classrooms that are based on these 

beliefs and perceptions. 

While the main focus of this project was on undergraduate-level biochemistry 

courses, observation of graduate-level courses was incorporated to reveal broader 

understanding among different levels of biochemistry courses. The degree of comparison 

between the levels (beginning to advanced) were determined by the variety of participants 

I was able to recruit. This approach helped to gather information about the presumable 

“patterned knowledge” (Patton, 2015, p. 250) present in biochemistry courses, which is a 

key assumption in this research. I used a “one-point-in-time” data collection methodology 

for this study (Patton, 2015, p. 255, Tbl, 5.4). This allowed me to cover a broader range of 

beliefs and perceptions with a one-time observation followed by an interview investigation. 

Since the goal of this study was to cover a broad range of beliefs and perceptions, a large 

sample size of seventeen instructors was needed. I achieved the necessary sample size by 
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capturing similarities and differences in the teaching of biochemistry across multiple 

institutions as well as a broad range of biochemistry instructors. 

“Interviews create a constructive opportunity for a researcher to interact with an 

individual and… explore everything from teaching activities and beliefs to motivations and 

perceptions, and can be used to identify common barriers to, or misconceptions about, 

STEM teaching and other complex or poorly understood topics” (AAAS, 2012, p. 19).  I 

used interviews in order to identify, describe, and understand individual instructors’ beliefs 

and perceptions (Richardson, 1996). Interviews provided environments where participants 

could explore ways of thinking about teaching that were unique to each individual 

instructor. 

As noted previously, biochemistry is taught within a variety of departments at 

different universities. At Purdue University, biochemistry is taught across campus, 

including in chemistry, biochemistry, the basic medical sciences, pharmacy, and 

agriculture. Despite its ubiquity among programs, there have been no studies that pursue 

an in-depth understanding of biochemistry instructors’ views on teaching and learning. 

Within this study, I intended to learn about instructors’ ways of perceiving and executing 

teaching in biochemistry based on their own experiences. As an education researcher, I 

needed to become aware of my own experiences and beliefs as well as my own biases about 

teaching in order to keep them separate from my participants’ views on teaching and their 

personal experiences. However, while I took measures to ensure that my own philosophies 

did not influence the answers of my participants, I believe that my experience in teaching 

and science helped to build a rapport with biochemistry faculty. My perspective helped me 

facilitate a discourse to guarantee rich interviews with faculty participants (see 3.2.8).  
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3.2.4 Participants and Setting 

In carrying out this study, I chose to collect data from participants who would offer 

a broad range of biochemistry instructors’ teaching beliefs and perceptions (Åkerlind, 2004; 

Kuzel, 1992). As a result, I recruited participants from various tertiary institutions that offer 

biochemistry as a lecture course. To capture communalities and differences in biochemistry 

instruction, I intended to collect data from participants who would offer a broad range of 

evidence and views (Åkerlind, 2004; Kuzel, 1992). I therefore looked at a range of courses 

across multiple institutions with a range of biochemistry instructors to provide diversity in 

my participant pool. The population involved in this study is further outlined in Table 3.1. 

Ten participants were recruited from doctoral granting universities, of which seven were 

universities with highest research activity, two universities with higher research activity 

and one university with moderate research activity, according to the Carnegie classification. 

Furthermore, four participants were recruited from master-granting colleges/universities, 

and two participants from baccalaureate-granting colleges. Two of my participants held 

lecturer positions, all others either held an assistant, associate or full professor position. 

Two of my participants held a faculty position, with teaching as their main focus (clinical 

assistant professor, associate professor of practice). Class sizes and teaching experience 

varied across institutions. Typically, junior- and senior-level courses were investigated. 

This diverse sample of participants allowed an insightful investigation on teaching 

practices in biochemistry classrooms.  
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Dr. Derricka 

 

male Associate 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

Non-Biochemistry 

graduate students; 

Biochemistry 

majors, 

junior/senior 

Biochemistry ~50 Over half a decade 

Dr. Devoraa 

 

female Clinical 

Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

Non-Chemistry, 

Biochemistry 

majors; others 

Biochemistry In person: 

~200 

Online: ~80 

Half a decade 

Dr. Dunaa female Professor Doctoral Universities: 

Highest Research 

Activity 

Biology majors, 

pre-medical; 

junior/senior others 

Chemistry ~200 Less than half a 

decade 

Dr. Dixiea 

 

female Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

Chemistry graduate 

students 

Chemistry ~12 Less than half a 

decade 

Dr. Donald 

 

male Professor Doctoral Universities: 

Highest Research 

Activity 

Biology majors, 

pre-medical 

Biological 

Sciences 

~170 Multiple decades 

Dr. Dannera 

 

male Associate 

Professor of 

Practice 

Doctoral Universities: 

Highest Research 

Activity 

Non-Chemistry, 

Biochemistry 

majors; others 

Chemistry ~125 Less than half a 

decade 

Dr. Danaa female Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

Exploratory/undeci

ded majors 

Biochemistry ~50 Half a decade 

Dr. Dalton 

 

male Professor Doctoral Universities: 

Higher Research 

Activity 

Chemistry, Biology 

majors, 

junior/senior; 

physiology 

masters, graduate 

students 

Chemistry ~40 Multiple decades  



 

 

 

6
6
 

Table 3.1 Continued 

a Participants from same institution;  b Information collected through official departmental websites;  c https://www.wikidata.org/wiki/Q2475371, 

Basic Carnegie classification; http://carnegieclassifications.iu.edu/classification_descriptions/basic.php for R classification, M classification.  

 

Dr. Dolly 

 

female Senior 

lecturer 

Doctoral Universities: 

Higher Research 

Activity 

Chemistry, 

Biochemistry 

majors, others 

Chemistry and 

Biochemistry 

~75 per 

section, 2 

sections 

total 

Over half a decade 

Dr. Donna female Assistant 

Professor  

Doctoral University: 

moderate research 

activity 

Chemistry, Biology 

majors, others 

Chemistry and 

Biochemistry 

~55 Less than half a 

decade 

Dr. Magnusa male Professor Master's Colleges & 

Universities: Larger 

Programs 

Biochemistry 

majors and other 

majors, others 

Chemistry ~40 Multiple decades 

Dr. Manju male Instructor  Master's Colleges & 

Universities: Larger 

Programs 

Various non-

majors 

Physical 

Sciences 

~20 Less than half a 

decade 

Dr. Maggiea female Professor Master's Colleges & 

Universities: Larger 

Programs 

Different pre-

physical therapy 

major; pre-

physician assistant 

major 

Chemistry ~80 Over one decade 

Dr. Mickey male Assistant 

Professor 

Master's Colleges & 

Universities: Small 

Programs 

Chemistry major Natural and 

Applied 

Sciences 

~10 Over one decade 

Dr. Brigid  female Professor Baccalaureate 

Colleges: Arts & 

Sciences Focus 

BCHM majors; 

junior/senior 

Chemistry ~20 Over one decade 

Dr. Berry female Associate 

Professor 

Baccalaureate 

Colleges: Arts & 

Sciences Focus 

Chemistry, 

Biochemistry 

majors and minors, 

Biology majors, 

pre-medical 

Chemistry  ~30 Multiple decades 

Dr. Bobbie female Associate 

Professor 

Baccalaureate 

Colleges: Diverse 

Fields 

Natural science 

majors 

Chemistry ~30 Multiple decades 

https://www.wikidata.org/wiki/Q2475371
http://carnegieclassifications.iu.edu/classification_descriptions/basic.php
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 All participants were given pseudonyms that reflected their gender and the highest 

degree which their institution offered. Dr. Mickey, for example, is male and teaches in a 

department that offers master’s degrees. Dr. Dana was given an appropriate name for a 

female who teaches at a doctoral granting institution. 

3.2.5 Participant Recruitment and Sampling Strategies 

I recruited participants from colleges and universities that teach biochemistry to 

undergraduates and/or graduate students, as summarized in Table 3.1. Within these 

institutions, participants had different levels of involvement in education research and/or 

teaching, which added diversity to my pool of participants. Participants held the title of 

instructor, lecturer or professor. I found participants by contacting instructors who had been 

recommended to me. Recruitment of participants then continued through snowball 

sampling (Creswell, 2013), where existing participants recruited future participants from 

their circle of acquaintances. Recruitment began by contacting instructors on campus by 

visiting them before or after their class periods. Instructors further away or not easily 

reachable were contacted through email. Convenience sampling (Creswell, 2013) was 

performed in the beginning of the study to recruit instructors from nearby institutions. All 

contact information was obtained through publicly available websites at the instructors’ 

institution. I also recruited potential participants during conferences (e.g. ASBMB in 

Chicago, April 2017). 

All participants had teaching experience in biochemistry at the undergraduate 

and/or graduate level as well as a willingness to participating in a chemical education 

research study. Purposeful recruitment continued until I had a sample population of 
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instructors and classes that reflected a diversity in the following areas, to enlarge the 

applicability of my study results to a broader population: 

• Institution-type PUI and Research Universities (RU). 

• Level of course (upper-level course, with a focus on undergraduate and 

graduate student population). 

• Career stage. 

o I focused on instructors who had taught at least one semester of 

introductory or advanced biochemistry, depending on the level at 

which each instructor was teaching. 

• Gender. 

o I tried to increase the variety of perceptions, beliefs and actions in 

teaching biochemistry through recruiting participants with different 

gender. 

The diversity in participants proved useful in order to represent a broad range of evidence 

and views (Åkerlind, 2004; Kuzel, 1992). 

3.2.6 Data Collection 

 While collecting observations and interviews, I wrote memos (Corbin & Strauss, 

2008) throughout the entire data collection process. This way of self-reflection is 

considered an essential part of the hermeneutics theoretical framework, so that one’s own 

biases are acknowledged and embraced for data collection and interpretation: “Prejudices 

are not necessarily unjustified and erroneous so that they inevitably distort the truth. In 

fact, the historicity of our existence entails that prejudices, in the literal sense of the word, 
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constitute the initial directedness of our whole ability to experience” (Gadamer, 1976, p. 

9). 

3.2.6.1 Observations 

For data collection during classroom observations, I relied on three established 

sources to create a classroom observation protocol to use throughout all observations 

within this study. The choice of using observations and interviews to investigate 

instructors’ beliefs was a methodological approach considered to be effective when trying 

probing instructors’ beliefs and actions (Richardson, 1996). When constructing my 

observation protocol, I used the following three main resources: 

• Patton’s Ten Strengths of High-Quality Observations (Patton, 2015, p. 334, 

exhibit 6.2). 

• Patton’s Guidelines for Fieldwork (Patton, 2015, p. 416, exhibit 6.13). 

• Classroom Observation Protocol for Undergraduate STEM (COPUS) 

protocol (Smith, Jones, Gilbert, & Wieman, 2013). 

In this section, I will describe my final observation protocol. I will then highlight 

each source and how it contributed to the observation protocol I used for my classroom 

observations. My observational protocol (see Figure 3.1) consisted of three parts: 

• Class background information: e.g., topic of class, and if the topic was new 

or already introduced. 

• Style of teaching observed during lecture: e.g. methods, technology, level 

of student involvement, with the intent to refer to topics discussed during 

the interview. 

• Personal experiences or influences discussed during the observation. 
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Figure 3.1: Observation protocol created 

 

Initially, I utilized Patton’s suggestions on what high-quality observations should 

entail. His suggestions have ten strengths that enabled me to enrich the observations I made 

in classrooms (Patton, 2015, p. 334, exhibit 6.2): 
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1. “Rich description”: Readers are taken into the setting more easily, providing 

an experience, a deepened understanding. 

2. “Contextual sensitivity”: Observing participants in action shows choices 

they make, which I used to reflect on interview design as well as what was 

said in the interview. 

3. “Being open to what emerges”: Without any presumptions, observation can 

give an introduction to the chosen research topic and illuminate the “real 

world”. 

4. “Seeing the unseen”: interviews alone do not reveal all behind-the-scenes 

and obvious features in classrooms. 

5. “Testing old assumptions and generating new insights”: Particular factors 

can be observed that are usually not investigated. 

6. “Opening up new areas of inquiry”: New information from observations can 

help shape the interview protocol and help the interviewer prompt 

participants with more in-depth questions. 

7. “Delving into sensitive issues”: Deeper understanding can be gained during 

an observation that participants might not necessarily share, or would be 

reluctant to bring up, during an interview. 

8. “Getting beyond selective perceptions of others”: What is said in an 

interview can be compared to actions taken in the classroom. 

9. “Getting beyond one’s own selective perceptions”: It was helpful for me to 

remember to move beyond my own selective perceptions, to get a more 
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comprehensive understanding about the situation or circumstance that is 

observed. 

10. “Experiencing empathy”: This means that during observations, participants 

can be observed under the conditions they are working, and the researcher 

is part of their experienced reality. Observations provide the possibility to 

come to understand the participant’s situation in a way distinct from 

interviews. 

Research has shown that observing teaching is context-dependent (Martin et al., 

2000). With this in mind, I noted the biochemical content taught during observations to put 

my participants’ individual teaching into perspective. This was the motivation behind the 

first section of my observation protocol, so I could record the topic of the session, as well 

as if the topic was recently introduced or discussed previously in class. This was done 

through additional memoing during class period observations. For further insight on note-

taking during the observations, I drew from Patton’s Guidelines for Fieldwork (outlined in 

Table 3.2) to establish a clear mindset on obtaining rigorous notes during observations and 

therefore answering the questions that guided my observations (Figure 3.1). For example, 

when collecting the observations, I deliberately did not participate in class and chose to sit 

somewhere in the classroom, where I was not among the students or too close to the 

instructor (first item on the list of Table 3.2). Secondly, I continuously evaluated if my 

presence influenced the observed and the classroom dynamic, by attempting to notice if 

either the students or the instructor appeared distracted by me, e.g., if either looked over to 

me several times during class (last item on the list of Table 3.2). 
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I specifically drew from Patton’s suggestions on for high-quality observations for 

the last part in my observation protocol, while observing the teaching styles present in the 

classrooms. Observations contributed enriched my set of data by providing insight into 

how my participants acted in their teaching environment (Patton’s 1st through 3rd and 5th 

points). They also enhanced my understanding of each participant’s individual story 

(Patton’s 9th and 10th points) allowing me to connect their stories to real-life settings where 

my participants practiced their beliefs and perceptions (Patton’s 2nd and 4th through 8th 

points). Observations such as these enhanced and supplemented my primary source of data 

(the semi-structured interviews). 
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Table 3.2  Patton’s guidelines for fieldwork. Table modified based on Patton (2015, p. 

451, exhibit 6.13) 

Patton’s Guidelines for Fieldwork My implementation 

“Design the fieldwork to anticipate, be 

clear about, and deal with classic tensions 

and trade-offs” 

• I kept myself as invisible and 

unobtrusive as possible in the 

classroom 

• I did not participate when class 

period was in session 

• I used discretion when recording 

and observing 

“Take detailed, descriptive field notes” • To ensure I captured everything, I 

recorded class periods in parallel 

• Notes on site entailed instructor-

student engagement for example 

“Stay open and observant” • Research questions were the main 

focus of the observations; 

however, if new impressions arose 

I made a note of them 

“Capture, use, and report direct 

quotations” 
• I consulted video recordings for 

direct quotations and noted 

summaries of what was said during 

the observations 

“Select key informants and key 

knowledgeables wisely, and use them 

carefully” 

• My protocol helped to keep focus 

on pursuing my research questions, 

see below 

“Be aware of and strategic about the 

different stages of fieldwork” 
• My structured observational 

protocol kept me on task and alert 

during all phases of observation 

“Be reflective and reflexive” • I included in my observational 

notes my own experiences and 

perspective during the time of 

observation  

“Document reactivity” • I included a description of how my 

observation may have affected 

what was observed and how I was 

affected during observations 

“Engage ethically” • I stayed alert and evaluated several 

times during the observation 

process if observations could be 

continued  

 

The questions I incorporated in my own observation protocol were from a validated 

research tool, the COPUS protocol, which was created by Smith and colleagues in 2013 
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and updated in 2015. The COPUS protocol is a classroom observation protocol that any 

instructor can use to investigate and characterize their classroom practices either by 

themselves or using an observer. The COPUS protocol allows characterization of what 

happens in the classroom from both the perspective of the instructor and the students. The 

protocol itself consists of two parts, one qualitative/introductory part and a 

quantitative/measurement part (see Figure 3.2). I felt the qualitative questions of the 

COPUS protocol were particularly relevant to the context of my intent for this study, 

especially section two (“classroom and background”) and section three (“narrative 

description of class (also known as field notes)”). For example, COPUS section three, 

allowed me to focus on the overall classroom structure, how the material was presented, 

and the amount and nature of activities used in class.  

Since the intent of my study was to investigate biochemistry instructors’ beliefs and 

perceptions on actions taken in their classrooms, I also chose to incorporate sections in my 

observational protocol that allowed me to elaborate on any beliefs that were shared during 

the lecture by the instructors themselves (e.g. why a certain teaching strategy was used). In 

addition, I incorporated a self-reflection section to note down anything that might have 

influence the observed or the observer during the observation itself. Using this section, I 

was able to collect data that the video recording device could have missed (e.g. perception 

of teaching environment, atmosphere during different portions of the class period observed, 

as also stated by Corbin & Strauss, 2008).  

Overall, through incorporating ideas from the qualitative section of the COPUS 

protocol, I was able to approach each observation as a holistic experience. These ideas 

allowed me to acknowledge my own interpretation as the researcher and as the primary 
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data-collection instrument, while still providing me with enough freedom and guidance to 

capture actions in the classroom when teaching biochemistry. 

 

Figure 3.2 Classroom observation protocol for undergraduate STEM – COPUS. Original 

from Smith, Jones, Gilbert, and Wieman, (2013, supplemental material, p. 2-5) 
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Figure 3.2 Continued 
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Figure 3.2 Continued 
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Figure 3.2 Continued 
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In this study, I did not intend to quantitatively capture the distribution of teaching 

methods used during a class period (as the COPUS protocol was designed to do) because 

this was not the focus of this study. Instead, I observed the actions of instructors during a 

“typical” session to see if the beliefs and perceptions they expressed in the interview 

aligned with the actions taken during a class period. My intentions were also not to focus 

on the students and their involvement, but rather at student-centered teaching 

methodologies used by the instructor. Therefore, I did not incorporate quantitative 

measures of the COPUS into my observation protocol. However, when taking notes during 

the observations and filling out my observational protocol, I consulted the instructor section 

of the COPUS observation codes table (as outlined in Figure 3.2), to inform myself about 

possible classroom interactions that I could encounter. I treated the observations as a 

secondary data source, whereas the interviews were my primary data source.  

During each class period, videos were recorded using a Drift Ghost-S Professional 

HD Action Camera, which was mounted on a stationary stand and placed in the lecture hall 

facing the lecturer. This setup allowed me to capture his or her actions in class. All faces 

were blurred for de-identification purposes. Video recordings were only used for analysis 

purposes. Data was reviewed using QuickTime Player after each class period. In-class 

observational notes using the observation protocol (as shown in Figure 3.1) were taken 

during each class period observed. By video-taping all classroom lectures, I was able to 

summarize the class periods. I supplemented my notes taken during observations by re-

watching the lessons. Through this process, I ensured I was comprehensively applying my 

observation protocol and not relying solely on memory. 
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As outlined in Table 3.3, remote and in-person recordings were collected, 

depending on where the institution of interest was located and if lectures could be attended. 

If it was not possible for me to be present during the class period, I arranged for the videos 

to be recorded with the help of the instructors themselves. Although remote recordings 

were not ideal, as mentioned above observations were only used to enrich my in-depth 

interview dataset and were not my primary data source. Table 3.3 highlights the further 

details on who was observed in person and who was observed remotely (last column on 

the right).  I was able to observe about half of my participants in person. Most study 

participants were only observed once. Three instructors were observed twice, because they 

provided me with two different styles of lectures to best reflect their teaching style. All 

other instructors believed one lecture was sufficient to provide an accurate representation 

of their typical lecture style.  
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Table 3.3 Details on observational data 
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Dr. 

Derrickb 

 

male Associate 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

1 In person 

Dr. 

Devorab 

 

female Clinical 

Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

2 In person 

Dr. Dunab female Professor Doctoral Universities: 

Highest Research 

Activity 

1 In person  

Dr. Dixieb 

 

female Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

1 In person 

Dr. Donald 

 

male Professor Doctoral Universities: 

Highest Research 

Activity 

1 Remote  

Dr. 

Dannerb 

 

male Associate 

Professor of 

Practice 

Doctoral Universities: 

Highest Research 

Activity 

1 In person 

Dr. Danab female Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

1 In person 

Dr. Dalton 

 

male Professor Doctoral Universities: 

Higher Research 

Activity 

1 In person 

Dr. Dolly 

 

female Senior 

lecturer 

Doctoral Universities: 

Higher Research 

Activity 

1 Remote  

Dr. Donna female Assistant 

Professor  

Doctoral university: 

moderate research 

activity 

2 Remote  

Dr. 

Magnusb 

male Professor Master's Colleges & 

Universities: Larger 

Programs 

1 Remote  

Dr.Manju male Instructor Master's Colleges & 

Universities: Larger 

Programs 

1 Remote  

Dr. 

Maggieb 

female Professor Master's Colleges & 

Universities: Larger 

Programs 

1 Remote  

Dr. Mickey male Assistant 

Professor 

Master's Colleges & 

Universities: Small 

Programs 

2 Remote  
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Table 3.3 Continued 

a The number of observations varied if instructors felt that their typical style of teaching was not 

represented adequately in one lecture but was spread out more over multiple lectures. If that was the case, 

multiple observations were taken if possible. Within this dissertation, all participants agreed that the 

number of observations taken and the lectures videotaped represented their typical style of teaching. 
b Participants are from same institution 

 

This observation strategy enabled me to collect data from more instructors and 

institutions. The maximum number of observations I collected for each participant was two 

int total, similar to the methodology of Lund and Stains (2015).  The intent of observations 

as a data source within this dissertation, however, was to observe the preferred teaching 

methods used during a typical class. Since I confirmed with each instructor about their 

perception of generalizability of the session observed, it was reasonable to assume that I 

obtained an accurate picture of their general teaching style.  

Observations were conducted before interviews occurred to provide a basis for 

interview prompts, and to gain a better understanding on how instructors talked about their 

ways of teaching in comparison to teaching methods I had observed. Before I attended their 

class, I emphasized to the participants that they should approach teaching during my 

observation using the teaching style they felt was appropriate and reflecting their “typical” 

style of teaching. 

3.2.6.2 Interviews 

Observations alone would have not provided me sufficient insight into each 

participant’s point of view about teaching. According to Patton (2015):   

Dr. Brigid  female Professor Baccalaureate 

Colleges: Arts & 

Sciences Focus 

1 Remote  

Dr. Berry female Associate 

Professor 

Baccalaureate 

Colleges: Arts & 

Sciences Focus 

1 In person  

Dr. Bobbie female Associate 

Professor 

Baccalaureate 

Colleges: Diverse 

Fields 

1 In person  
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Observing something doesn’t necessarily mean we can interpret it. In particular, we 

can’t know what it means to those involved in an event, interaction, or activity 

without talking to them or hearing from them in some way. […] Every interview is 

also an observation. Interviewing adds to observation of the perceptions and sense 

making of the people being studied (p. 417) 

 

Combined with the theoretical framework of hermeneutics, this reasoning led me 

to use both interviews and observations. I chose a semi-structured (Creswell, 2009), 

conversational interview style (Figure 3.3) for this study, which consists of three major 

phases. The first phase of the interview (“introduction/description of research” and 

“getting-to-know the participant/course background/general inquiries”) was used to 

establish a positive interview environment. I asked background questions that I intended 

my participants to have no difficulty answering and I showed interest in the participant as 

an individual and their career. Such information was obtained prior to the interview, 

through email exchange (recruitment emails) and searching on official departmental 

websites associated with my participants. 

The second phase of my interview (“Beliefs, perceptions, …” and “student 

learning”) started with a general question about each instructor’s approach to teaching 

biochemistry. This opened the discussion to beliefs, perceptions, and practices. My intent 

was to allow each instructor to state their thoughts without prompting. During this section, 

I drew from both information that they provided to me, and that I gained through 

observations and artifacts. This enabled me to ask specific follow-up questions during the 

interviews on behaviors I had observed in their classrooms, and how these linked to each 

participant’s interview answers and to what their overall “ideal teaching-world” would be 

(e.g. each individual’s teaching philosophy). 
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The third part of my interview (“improvements to teaching”) involved concluding 

the interview by focusing on the instructor’s interest in changing the way he/she teaches 

and addressing any challenges associated with change that were discussed during the 

second interview phase. This elucidated each instructor’s career goals, and how each 

viewed the development and future of biochemistry teaching. 

 

Figure 3.3 Semi-structured interview protocol 
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Figure 3.3 Continued 
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Figure 3.3 Continued 
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Figure 3.3 Continued 
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Figure 3.3 Continued 
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Figure 3.3 Continued 
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Figure 3.3 Continued 

 

The conversational aspect of the interview protocol encouraged participants to 

freely share their experiences and limit any bias from the interviewer (Hagenauer & Volet, 

2014). I intended to delve into salient features related to participants’ conceptions of 

teaching. I initiated a conversation using prompting questions, which I intentionally 

merged periodically. Through this process, I aimed to build rapport, and show respect for 

and an understanding of their dedication to both their teaching and any challenges they face 

(Page, 2014). This approach enabled me to uncover a mutual passion for biochemistry 
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education, and the emphasis instructors placed on selecting appropriate material in their 

respective classes. 

3.2.6.2.1 Creating Prompts for Interviews 

I shaped my interviews in a hermeneutic fashion, in which the focus was on 

maintaining a conversation about the human life world, in particular the perceptions and 

beliefs of biochemistry instructors influencing the decisions in their classrooms (Kvale, 

1996). This manifested in the outlined structure of the interview (the three phases), where 

I first drew on participants’ teaching background, when they started and in what context, 

and then probed their perceptions further on why they teach the way they do, how these 

perceptions relate to their beliefs effective ways of teaching students and how students 

learn. I prepared a basic semi-structured interview protocol for each interview. Prompts 

were modified or added based on the observational notes taken prior to conducting each 

interview. In addition, each interview protocol was further individualized depending on the 

information each participant provided, which included teaching background, syllabus, 

teaching style, teaching philosophy, etc. Questions were tailored towards each participant 

if a participant employed an evidence-based teaching method in class during observations 

or mentioned, for example, evidence-based pedagogy in an email about typical or past 

teaching activities. For example, I added additional follow-up questions to the interview 

protocol to more efficiently address underlying themes.  

To generate prompts and conduct interviews, I followed Patton’s recommendations 

on The Interview Principles and Skills (Patton, 2015). I also relied on helpful suggestions 

provided by Seidman (2013), who described helpful information about asking questions, 

such as practicing active listening during interviews (encouraging my participants to 
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elaborate on their thinking processes) and generating follow-up questions in parallel to 

investigate topics of interest. Because of the semi-structured interview style, I intentionally 

avoided dichotomous questions that could narrow and/or potentially influence the direction 

of the responses. My protocol topics were inspired by an interview protocol designed to 

reveal instructors’ views on teaching physical chemistry (Mack, 2015) and biochemistry 

using analogies (Orgill, 2003). Additionally, I was also inspired by categories describing 

possible ways and methods of instruction from the COPUS protocol (Smith, Jones, Gilbert, 

& Wieman, 2013).   

In order to establish a rigorous interview protocol, I had several experts in 

biochemistry education, chemistry education and physical chemistry education provide 

feedback on its appropriateness for my proposed research questions. I had one full 

professor in chemistry education, one physical chemistry Ph.D., two biochemistry 

education graduate students, and one chemistry education graduate student review my 

interview protocol with me. To test its usability in an interview, I used my interview 

protocol with both a full professor and an associate professor in physics.  

This process of feedback and review provided me with perspective on which 

questions were repetitive, too narrow or too restrictive in phrasing, and ideas for additional 

prompts to assess the key themes in which I was interested. Final prompts were compared 

to guidelines in the teaching philosophy guide by Goodyear and Allchin (1998) as well as 

resources described earlier in this section.  

3.2.6.2.2 Conducting Interviews 

Interviews were conducted on- or off-site, depending on whichever method was 

more convenient for my participants, as well as what was possible for me in terms of 
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distance. I offered in-person interviews, remote interviews using Skype or equivalent 

software that was convenient for my participants. Software for each participant is 

highlighted in the right column in Table 3.4. This method of interviewing allowed me to 

see and hear my participants at the same time, using computer-based audio/video 

technology (Hanna, 2012). By using both senses, I aimed to stimulate a richer conversation. 

If in-person or remotely-conducted interviews were not feasible for the participant, I also 

offered phone interviews as an option. Sometimes, due to technical issues, a combination 

of different approaches needed to be used. For example, in Dr. Mickey’s interview, I started 

out with Google Hangouts but ended up using Skype, due to technical difficulties with 

Google Hangouts audio (as shown in the right column of Table 3.4). 
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Table 3.4 Details on interviews conducted 
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Dr. Derricka 

 

male Associate 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

In person 

Dr. Devoraa 

 

female Clinical 

Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

In person 

Dr. Dunaa female Professor Doctoral Universities: 

Highest Research 

Activity 

In person  

Dr. Dixiea 

 

female Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

In person 

Dr. Donald 

 

male Professor Doctoral Universities: 

Highest Research 

Activity 

Phone  

Dr. Dannera 

 

male Associate 

Professor of 

Practice 

Doctoral Universities: 

Highest Research 

Activity 

In person 

Dr. Danaa female Assistant 

Professor 

Doctoral Universities: 

Highest Research 

Activity 

In person 

Dr. Dalton 

 

male Professor Doctoral Universities: 

Higher Research 

Activity 

Phone 

Dr. Dolly 

 

female Senior 

lecturer 

Doctoral Universities: 

Higher Research 

Activity 

Google 

hangouts/Skype 

Dr. Donna female Assistant 

Professor  

Doctoral university: 

moderate research 

activity 

Google 

hangouts/Skype 

Dr. Magnusa male Professor Master's Colleges & 

Universities: Larger 

Programs 

Google 

hangouts/Skype 

Dr.Manju male Instructor Master's Colleges & 

Universities: Larger 

Programs 

Phone  

Dr. Maggiea female Professor Master's Colleges & 

Universities: Larger 

Programs 

Google 

hangouts/Skype 

Dr. Mickey male Assistant 

Professor 

Master's Colleges & 

Universities: Small 

Programs 

Google 

hangouts/Skype   

Dr. Brigid  female Professor Baccalaureate 

Colleges: Arts & 

Sciences Focus 

Google 

hangouts/Skype 
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Table 3.4 Continued 

Dr. Berry female Associate 

Professor 

Baccalaureate 

Colleges: Arts & 

Sciences Focus 

Phone/Skype 

Dr. Bobbie female Associate 

Professor 

Baccalaureate 

Colleges: Diverse 

Fields 

Google 

hangouts/Skype 

aParticipants are from same institution   

 

As with the data collection for the observations, each interview was audio-recorded 

using a Drift Ghost-S Professional HD Action Camera, as well as with a hand-held 

Olympus digital voice recorder DS-40. Two devices were used, in case one would fail. 

Interviews were later transcribed for data analysis purposes. In contrast to the data 

collection process for observations, the video option of the camera was switched off and 

only audio recordings were taken.  

Each interview was approximately one and a half hour in length. Since follow-up 

interviews often enrich analysis, I considered additional rounds of interviews if I needed 

to clarify questions from previous interview sessions. Each participant was interviewed at 

least twice, with the second interview being a follow-up visit involving member-checking. 

This visit was consequently performed once interviewing was completed for each 

individual participant (Birt, Scott, Cavers, Campbell, & Walter, 2016; Carlson, 2010). 

Depending on the location of the institution and the availability, follow-up interviews were 

performed via email, phone or in person.  

Interviews were conducted in a timely manner after the observation had taken place 

at a time that was convenient for the participant. I mainly referred to the overall teaching 

methods they used in the class period observed.  
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3.2.6.3 Other Data Sources 

Observations and interviews were accompanied by artifacts presented and used 

during observed class periods (e.g. PowerPoint presentations, handouts, lecture notes, 

white board notes). I collected all available data sources and asked instructors to share them 

with me when observational data was collected. This was useful if, for example, the 

instructor chose to highlight a teaching task using slides or on the board, while verbalizing 

it during class. In this scenario, it was beneficial to have the documents used in class in 

order to reconstruct the scenario as accurately as possible. Ultimately, only additional data 

that aided in answering my guiding research questions was analyzed. 

During interviews, I kept any notes or drawings participants chose to generate and 

agreed to share with me, as well as any representations or teaching material they wanted 

me to add to the interview protocol to support the points they discussed. These additional 

data sources provided further insight into their perceptions, beliefs and actions to teach 

biochemistry. 

3.2.7 Data Analysis 

For the data analysis portion of my study, I used the hermeneutic cycle or spiral 

“… to facilitate understanding and to generate holistic meaning from specific components 

embedded within qualitative data” (Bodner & Orgill, 2007). I, as the researcher, 

continuously cycled through the data I collected, any related research, and interpretations 

that I had made earlier to better understand the phenomenon under study. The hermeneutic 

cycle closes when “… the specific parts of the data can be interpreted within a greater 

whole…” (Bodner & Orgill, 2007) to meet the ultimate goal in hermeneutic inquiry “to 

construct a coherent interpretation of the collected performances, continually revising 
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initial interpretations until they account for all of the available evidence” (Moss, 1994, p. 

5). 

Since the hermeneutic cycle has not been extensively outlined in Gadamer’s work, 

I incorporated another data analysis method to enrich the process of analyzing my data: a 

general inductive approach for analyzing qualitative evaluation data (Thomas, 2006), 

summarized in Figure 3.4. This technique follows the same criteria as Gadamer’s 

hermeneutic cycle: “allow research findings to emerge from the frequent, dominant, or 

significant themes inherent in raw data, without the restraints imposed by structural 

methodologies” (Thomas, 2006, p. 238). The key similarity between the hermeneutic cycle 

and the general inductive approach is the common goal of understanding the larger themes 

in order to represent all participants’ experiences and opinions, using multiple steps of 

interpretations of the raw data. In my case, this meant that I read through my notes taken 

during observations, and transcripts repeatedly to condense my data corpus to its 

quintessential meaning. The general inductive approach provided me with guidelines to 

reveal the main themes emerging from my phenomenon of choice.  

Figure 3.4 highlights the coding process of the general inductive approach. Each 

step of narrowing categories and merging them into larger themes was enriched by 

application of the hermeneutic cycle, since multiple iterations through the raw data were 

needed to understand the phenomenon being studied: in my case beliefs, perceptions, and 

actions.  
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Figure 3.4 The general inductive coding process in inductive analysis. Original diagram 

from Thomas (2006, p. 242, Table 2) 

 

This method was useful, since it supported and enriched the hermeneutic cycle without 

interrupting the methodological approach. Furthermore, the inductive approach elaborated 

upon more possible steps of analysis within the hermeneutic cycle, and enabled me to 

condense the amount of data emerging from the data. Eventually, major categories will 

result through this process and overall implications from the data can be drawn.  

I will now highlight how I used each of the previously mentioned analysis tools on 

each of my data sources separately, since both the general inductive method and the 

hermeneutic cycle fulfilled different roles within my analysis. 

3.2.7.1 Observations and Other Data 

The data analysis begins with the first encounter and experience with the data in 

the hermeneutic approach (e.g. Gadamer, 2000; Laverty, 2003). For my study, the first 

encounter was during the first classroom observation of each instructor. By observing my 

participants within their professional environments, I gained initial insight into how they 

used their actions to convey their beliefs and perceptions. Customizing the interview 

protocol to each participant was an important step prior to my initial data analysis. Thanks 

to this customization, I was able to later compare participant responses during the interview 

to the actions participants took during the observed class period.  
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After each observed class period, I typed up my observational notes. I also watched 

my recordings to further analyze each instructor’s use of teaching methods during their 

class period. The analysis was of qualitative nature, using the inductive analysis approach 

as mentioned above to analyze actions used in class (Figure 3.4). Observations were coded 

using the InqScribe software, which allows allocation of time points to each coded part of 

the observation analyzed. No verbatim transcription was needed for the observational data 

sources, since they were not the primary data source and were only collected for 

clarification purposes. Additional data sources, such as syllabi, in-class materials, and 

statements of teaching philosophies, where analyzed using the NVIVO 11 coding software. 

All data collected were coded in NVIVO 11 with the codes provided in Table 3.5. All codes 

were summarized in a separate worksheet within NVIVO 11 for each participant included 

in this study. This process allowed me investigate data under a given code from all 

participants at once to generate patterns of differences and similarities. 

3.2.7.2 Interviews 

Interviews are a widely known and used method to gain more insight into peoples’ 

situations and thoughts. They have become part of the common culture and the richness of 

qualitative research. Furthermore, we live in an “interview society”, where we focus on the 

projection of both the self and of others (Atkinson & Silverman, 1997; Ferrarotti, 1981, pp. 

19-27). The interview protocol was shaped in a hermeneutic fashion where the purpose and 

focus were placed on holding a conversation about each participant’s ‘human life’. 

Through the transcription of my interviews, I turned the oral discourse into written text that 

was then interpreted (Kvale, 1996). Through the combination of the hermeneutic cycle and 

inductive analysis, I was able to build and interpret the text. All interviews were transcribed 
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verbatim through rev.com and checked by me, the researcher, for accuracy and 

completeness. This process was followed by coding of the data using NVivo 11. For 

member-checking purposes, each interviewee was provided with the interview transcribed 

and inferences I drew from the provided personal data sets. 

3.2.7.3 Widening the Scope - Adding an Additional Lens to Interpret Results on 

Biochemistry Teaching Methods and their Broader Impacts on Student 

Engagement 

During the entire analysis process, I wrote reflection memos as described by Corbin 

and Strauss (2008) about data collection and analysis steps for each participant. This 

process made me aware of bias, and provided greater understanding of the data collected. 

I employed a systematic comparison approach to interview documents and other data 

sources to gain further insight into themes and the actual dimension of the data set, as well 

as controlling my bias (Patton, 2002, p. 488). 

Through the use of various data sources, I was able to gain a rich understanding 

about my participants’ beliefs, perceptions and actions when teaching biochemistry. 

However, to further elucidate the teaching methodologies used in biochemistry lectures, I 

needed an additional source to contextualize my results and add more depth to their 

interpretation. In particular, I wanted to elaborate on in how my instructors possibly 

incorporated/influenced their students by their choices on teaching methods within their 

respective classrooms. I needed a lens through which I could view my data to further make 

inferences on the student populations and possible effects on their learning through the 

variety of teaching strategies used in biochemistry teaching. When consulting the literature, 

I found one newly developed approach on interpreting classroom teaching landscapes and 

their possible impact on student involvement and presumable learning outcomes to be 
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suited well for this study: The Interactive, Constructive, Active, and Passive framework 

(ICAP), by Chi and Wylie (2014). This framework operates under the assumption of four 

different cognitive engagement categories through distinct student in-class behavior 

(student modes of engagement). Within this model, the possible modes of student 

engagement are either categorized as passive, active, constructive, or interactive, with the 

passive mode (e.g. listening to lectures) offering the least engagement, and the interactive 

mode (e.g. in-class discussions, group work opportunities) offering the most involved 

student mode of engagement. Details on which teaching methodologies corresponded to 

which mode of student engagement are highlighted in Figure 3.5 (excerpt from Chi & 

Wylie, 2014, p. 221). 

 

Figure 3.5 Examples of learning activities by mode of engagement through the lens of the 

ICAP model. Original table from Chi and Wylie (2014, p. 221, Table 1) 

 

For example, when listening to a lecture, students can either be passively (only listening), 

actively (taking notes in own words), constructively (asking questions), or interactively 

(defending and arguing) involved in the classroom. Through the lens of the ICAP model, 

student involvement is purely based on the actions students execute during a lecture. 

However, students can only carry out certain actions if instructors provide the basis for 
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allowing a certain mode of engagement within the lecture, as supported by Chi and Wylie 

(2014). In relation to my study, I investigated instructors’ actions and made claims on the 

actions of instructors that resulted in particular student modes of engagement, based on the 

teaching methodologies that instructors used in class. Throughout this study, I use the ICAP 

framework as a model, since I intended to use it to provide me with an additional layer of 

insight on what potential impact biochemistry instructors could possibly have on student 

learning through the particular teaching styles they displayed in class. Chi and Wylie 

(2014) built their framework on the hypothesis that a greater level of student engagement 

in class will result in greater student learning. Each mode of engagement gives rise to 

certain levels of learning, as highlighted earlier in this section. Furthermore, the ICAP 

framework predicts that the more active are students in the classroom, the more learning 

occurs in class. Chi and Wylie (2014) state student learning improves around 8-10% with 

each mode of engagement. Figure 3.6 (excerpt out of Chi & Wylie, 2014, p. 228) illustrates 

the hypothesized learning outcomes related to each student mode of engagement. Learning 

gains are suggested to be largest in the interactive student mode of engagement (see last 

row in Figure 3.6). However, the authors of the ICAP model highlight that it “is a 

hypothesis about the relative level learning associated with each of these four modes of 

student engagement (Chi & Wylie, 2014, p. 240). Chi (2009) and Chi and Wylie (2014) 

attempted to collect empirical data and validate their suggested student modes of 

engagement and their effects on student learning. They accomplished this by identifying 

studies from the literature in both lecture and laboratory settings that reported results on 

the level of student engagement and their learning outcomes aligning with the ICAP 

postulations, and reinterpreted these interventions using the ICAP framework. The ICAP 
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hypothesis was further validated by work of Menekşe (2012), and extrapolated by 

Menekşe, Stump, Krause, and Chi (2013). Results from this dissertation support the ICAP 

student modes of engagement and their associated learning gains. 

 

Figure 3.6 Additional analysis coding schema, ICAP Model. Chi and Wylie (2014, p. 

228) 
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I used the ICAP model at the very end of my data analysis, after I had conducted 

observations, collected artifacts and interviews were held. Within this interpretative 

process, I incorporated results from the observational data as well as interview data.  

This analysis step gave insight into the potential degree of engagement each 

instructor was able to foster. In addition, it also offered a richer understanding about 

discrepancies and challenges associated with their intentions, based on my interpretation 

on if their classroom activities give rise to an environment of a given student engagement 

mode. Adding this step of analysis to my interpretation of the data enriched my 

understanding of the data that I was able to gain from my interviews and observations. 

With this view, I framed the results in the context of our current knowledge on teaching 

and learning through the lens of the ICAP model.  

3.2.7.4 Development of Codes 

The development of the main codebook to analyze interviews was an iterative 

process, using the combination of hermeneutic spiral/cycle and the general inductive 

analysis approach as visualized in Figure 3.7 and outlined above. I first used the inductive 

analysis approach, to analyze my interviews, observations, artifacts and memos, and 

generate codes. The majority of codes were generated from interview analysis, since that 

source of data offered the richest insight. However, main codes that emerged from the 

interview transcripts were supported by observational data and artifacts. By using the 

hermeneutic spiral, I iteratively revisited all data sources to ensure no evidence was 

overlooked and that no emergent themes were left uncovered. Using the inductive analysis 

approach in parallel, I merged similar codes, identified repetitive codes and excluded codes 
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that did not reflect my research focus. This was done to ultimately eliminate any codes that 

represented and encompassed similar themes emerging from the data.  

 

Figure 3.7 Overview on the development of codes during data analysis 

 

Ultimately, 19 main codes resulted from the data analysis process described above. Table 

3.5 outlines these codes and their descriptions. All descriptions given in the following 

table originated from what I observed in the data across all participants. 
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Table 3.5 Emerging codes from interview analysis 

Interview-based code/ Broad themes 

used in NVIVO for coding 

Description of Code 

(from the perspective of the instructor interviewed)  

Analogies Analogies used for teaching mentioned in some ways 

Assessments All types of forms: e.g. Pre-/Post, in class, out of class 

Trying our different types of assessments, changing assessments 

Challenges mentioned in terms of assessments 

Reflecting on assessments (quality, usefulness, …) 

Instructor’s perception on what students think about them 

What do students think of them (student evaluation/feedback) 

Gaging success through assessments 

Future of teaching biochemistry Methods used in the future when teaching 

Trends on teaching biochemistry in the future/ Expectations 

Changes that need to happen in the future 

Hopes and wishes for the future in regard to teaching biochemistry 

Challenges to face when wanting to make changes for the future 

Professional development  Workshops on teaching attended 

Read up on things related to teaching on their own 

Awareness on availability of resources for professional development 

centered around education in their field 

Wanting more  

Ever written a teaching philosophy 

Future plans on taking professional development courses, reading up on literature 

(Improvements to make (reading up on learning theories, …)) 

Wishes of more or different professional development offers 

Challenges seen with professional development  

Support needed 
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Table 3.5 Continued 

Student role Responsibilities as a student 

Challenges for students 

Students’ interest to learn 

Students’ motivation  

Understanding of students’ ways of learning 

Teacher interest to teach Interest to teach 

Motivation 

Teacher role Responsibilities as a teacher 

Guidance for students 

Interplay between teacher and students 

Teaching – role of importance Priority of teaching vs. research 

Professional (in position they are in) vs. personal (own views) importance/role of 

teaching 

Challenges that come with teaching obligations for position 

Teaching background Teaching experience in general, courses taught before 

Why courses were taught 

Courses created 

Experience with teaching in general, appointment they are at right now 

Teaching beliefs How teaching should be done, non-methodological, theoretical 

Why biochemistry should be taught 

Change of teaching beliefs over time 

Value of teaching/Reward/Essence 

Self-expectations 

Self-portrayal as a teacher and scientist 

Teaching beliefs - influences What influenced their teaching beliefs (experiences, peers, cultural background) 

Reasons for why beliefs are how they are 
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Table 3.5 Continue 

Teaching goals What to be achieved in classrooms, when teaching 

Success of achieving goals? Turn-out in class, proud of achievements in class 

Being proud of course(s)/ teaching achievements in classes 

Challenges faced when teaching 

Awareness of challenges for students, course objectives, learning objectives 

Teaching improvements Efforts made towards improving teaching in general 

(Non-methodological) improvements, focusing on how one can act differently, be more 

respectful, mention certain things. Not necessarily focusing on adding more handouts, 

more powerpoints, …  

Awareness 

Necessity  

Willingness  

Teaching methods Methods that are already used for teaching, typical style of teaching, in different courses; 

analogies, description of content 

Definition of active learning  

Non-traditional teaching methods 

Effects on student learning, challenges encountered when using the current methods 

Practices in the classroom (ppt, group work, …) 

Student perception 

Change of teaching methods over time, due to different student population, … 

Barrier of enacting the ones used already 

Challenges associated with teaching methods used  

Teaching methods – creativity  Creating courses, past and future 

Trying out new methods that have not been used yet 

Barriers in trying out new methods (technical, students’ dislike, personal …) 

Challenges trying out new methods 

Changes to course(s), in-time fixes while teaching is going on, material added (e.g. to .ppt) 

Thoughts on effects on student learning  

Willingness/Openness to make changes 
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Table 3.5 Continued 

Teaching methods - improvement Efforts, Challenges associated with these improvements 

Improvements on teaching related to the course observed 

Methodological improvements for future   

Awareness 

Necessity  

Willingness 

Teaching methods - influences What influenced their teaching methods used (experiences, peers, cultural background) 

Teaching methods – transparency Transparency of the instructor to his students and telling why a method is used in class 

If the instructor tells if a specific method is used in class 

Teaching preparation  Preparation of classes 

Preparedness for classes 
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3.2.8 Role of Researcher 

As the qualitative researcher and primary data-collection instrument, I was in 

charge of the collection and analysis of all data. Within this study, I observed instructors 

during class periods, took notes while observing, conducted interviews, and transcribed 

and interpreted all the data.  

During my bachelor’s studies, I realized I wanted to inspire people with my passion 

for science through teaching. I received a Bachelor of Science degree in molecular and 

cellular biology from Heidelberg University in Germany and continued on to obtain a 

teaching degree in chemistry and biology at the same university. This teaching degree 

qualifies me to teach students at all high school levels in Germany. 

Conveying knowledge through passion starts in the classroom, where concepts 

ideally become visible and are no longer only hypothetical constructs. The visibility of 

concepts depends strongly on the way the content is conveyed. I experienced this in a 

course at Heidelberg University, where I developed a curriculum on how to teach 

nanomaterials to students at the high school level. During this assignment, I had to learn 

how to communicate through a multiple-lecture lesson plan. I was exposed to making 

decisions about which teaching methods were the best to use and which ones did not work 

as well.  

 I then taught at a high school for six months, as well as at a university for applied 

sciences in Germany for one year to hone my teaching skills. These teaching experiences 

were of great help for the observations I conducted in this study. In particular, they made 

me aware that different groups of learners and different topics require different 
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instructional techniques. This knowledge enabled me to be sensitive to the aspects of their 

teaching styles and environments that my participants discussed during the interviews. 

I have acquired the content knowledge needed for this dissertation project through 

various biochemistry and chemistry courses that I have taken throughout my educational 

career, from earning a bachelor’s degree to pursuing a doctoral degree in chemistry. In 

addition to discipline-specific courses and teaching courses, I also completed doctoral-

level courses in psychology, education, and qualitative and quantitative research methods, 

all of which contributed to my qualifications as the primary researcher.  

Since this study was based on interview data, I also benefitted from the previous 

education-related studies in which I have participated, where interviews were the primary 

method of data collection. Through this experience, I was able to hone my interviewing 

and analysis skills, which enriched this research study significantly.  

Along my educational path, I was able to combine my passion for science and 

teaching. Pursuing a Ph.D. at Purdue University in chemistry education gave me the 

opportunity to investigate the instructor-student relationships from a researcher’s 

perspective. Since I have had experiences as both an instructor and a student I am 

passionate about being an active part of improving biochemistry education in institutions 

of higher education.  

Lastly, I acknowledge the fact that, within the theoretical framework of 

hermeneutics, it is essential to be aware of one’s own experiences and how they influence 

the interpretation of text (Gadamer, 2000; Laverty, 2003). This so-called ‘fusion of 

horizons’ is a key element of hermeneutics. I needed to acknowledge this fusion throughout 

the study, especially when collecting and analyzing the data.  
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The goal of this study was to understand instructors’ perspectives on teaching 

biochemistry without being influenced by my own teaching philosophies. This was 

difficult due to my role as “researcher as instrument”, so I needed to be aware of my biases 

throughout this study. To achieve this, I continuously reflected on my own beliefs and 

perceptions as a means to not subconsciously influence my participants. I was aware of the 

fact that, having teaching experience both at the high school and university level, I brought 

in bias that might prevent me from gathering data objectively. However, hermeneutics 

actively appreciates the context of my participants as well as my own. In order to limit my 

bias and conduct rigorous research, I practiced constant reflection through careful 

documentation of my own experiences after each observation and interview (Corbin & 

Strauss, 2008). I repeatedly consulted literature related to my theoretical framework and 

methods throughout my study to make informed choices and to be aware of the bias of 

interpretation that I brought into this study.  

3.2.9 Validity and Reliability 

The main way that I ensured that I collected valid data was through member-

checking (Lincoln & Guba, 1985). After each transcription, I shared the transcripts with 

my participants to ensure that I quoted them correctly and that they were comfortable with 

what was said and recorded within the transcripts. In addition, I went through the main 

themes that I saw emerging from the data with my participants individually to see if I 

reflected their own perspective accurately. This happened ideally during member-

checking. If participants were not available or preferred other methods of communication, 

I emailed them or talked to them on the phone or via Skype, Google Hangouts or any other 

software they preferred. In total, over half of my participants replied to my member-
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checking request, of which only two participants requested minor changes to the results 

and my interpretation. Overall, my interpretation of results was consistent with my 

participants views. However, to account for everyone’s views, every participant’s feedback 

and response was included in the analysis process when interpreting the data. For instance, 

one of the suggestions Dr. Derrick made was the following: 

First, even if my interview did not convey this, I do feel that in my "Teacher role" 

I act as a "facilitator for success" as well as being a motivator and communicator 

as you had indicated. (Dr. Derrick, member-checking, first response) 

 

He pointed out that his interview did not stress enough the teacher roles he felt he fulfilled 

in the classroom. When interpreting the results, I took that additional feedback into 

consideration and included it within the analysis process. I also tried to build a strong base 

of validity by triangulating observations, interviews and additional data sources (Creswell, 

2013). In addition, as already mentioned in the section ‘Role of the Researcher’, after each 

observation and interview I accounted for bias and possible misinterpretation by practicing 

constant reflection through the use of memos (Corbin & Strauss, 2008). This process also 

allowed me to constantly reflect on my data and collect more until saturation was reached 

(Patton, 2015, p. 271, exhibit 5.8).   

For reliability purposes, I performed investigator triangulation (Patton, 2002). I 

carried out peer-review through asking two more graduate students with similar 

backgrounds to mine to review the results that evolved during the inductive analysis 

process, as well as one graduate student with a physical chemistry background. This 

process was used as a second opinion for my coding scheme to ensure avoiding a possible 

bias that could have been brought into the analysis process by my coding, which would 

have hindered me from interpreting the data in its most reliable way. Two out of the three 
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previously mentioned graduate student researchers reviewed excerpts of my codebook, 

coded data, and raw data to confirm if my coding scheme aligned with the phenomena 

present in the data. Interpretations were discussed until consensus was reached, to ensure 

reliability within my data analysis. This method of ensuring validity and reliability aligns 

with the hermeneutical idea that interpretations heavily rely on the experiences the 

researcher brings into the study. Everyone who reviewed my data and interpreted my 

results provided me with a background statement about their educational background and 

views on teaching and learning. This allowed me to view their interpretation within the 

context of their experience, education and viewpoints. These statements were also 

considered when discussing our analysis with one another. In this study, peer review helped 

to further develop the codebook. In most cases, if discrepancy in assigning codes to raw 

data was encountered, adjustments were made through either merging codes, or 

clarification of code descriptions. If multiple codes were used to code a certain set of data 

by multiple reviewers, codes were discussed together when interpreting and analyzing data 

(Figure 3.8). This process allowed me to account for bias and ensured reliable coding of 

data.  
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Figure 3.8 Overview on code relationships of major codes developed.  
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In order to have my data deemed trustworthy, I presented it in a rich and thorough 

form, by including many quotations to best reflect the interviewees’ opinions and views. 

Along with thorough descriptions of my interpretation and conclusions, I hoped to provide 

enough information to the reader to relate the cases to their own experiences or situations, 

to provide the platform for them to use their own judgment about how closely the results 

apply to related situations in their own teaching practices. According to Guba (1981), 

results are deemed trustworthy if readers are able to work with the provided descriptions 

and are able to recognize or reinterpret them.  

3.2.10 Limitations 

I anticipated several limitations associated with this study:  

• Based on whether I was able to conduct observation and interviews 

remotely or in person, the quality of audio and video varied. However, the 

benefit of collecting data and enriching my pool of participants outweighed 

the disadvantages of technical challenges.  

•  Interpretations of instructors’ experiences were led by my own past 

experiences. As such, I may have only identified a subset of instructors’ 

beliefs and perceptions due to how my past experiences influenced my 

observational note-taking and interviewing. To account for these risks, I 

performed the validity and reliability measures described above.  
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•  I was restricted from making broader claims on the beliefs, perceptions, 

and actions on teaching biochemistry by the aggregated characteristics of 

the participants I was able to gather for this research study. Therefore, I 

continuously recruited participants to enlarge my sample size until 

saturation was reached. 

3.2.11 Ethical Considerations 

Approval to pursue this research was granted by the Institutional Review Board 

(IRB) at Purdue University under the protocol title Beliefs and Perceptions About Teaching 

Biochemistry. The protocol number is # 1702018752 (see Appendix). If any changes were 

made, an amendment to the already existing protocol was filed through the IRB online 

program COEUS (see Appendix). Before visiting classrooms or conducting interviews, I 

sent out information sheets, filed within the IRB protocol, to inform my participants 

adequately about the study they were involved in. In addition, at the time of collecting 

observations and/or conducting interviews, I handed out another copy of the information 

sheets to ensure effective communication of study information. When contacting potential 

participants at other institutions, I checked with the IRB at the participant’s institution to 

follow all institution-specific guidelines as well when conducting research with human 

subjects. Additional steps required by off-campus IRBs were taken when necessary. 
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 RESULTS ON PERCEPTIONS, BELIEFS AND 

ACTIONS INSTRUCTORS TAKE WHEN TEACHING 

BIOCHEMISTRY 

4.1 How to Read this Chapter 

To better structure this chapter, I chose to address the results relate to each research 

question separately. For every research question, I first restate the question itself and the 

context in which I addressed it. Next, I chose to represent the results in two ways: results 

addressing a certain research question were summarized in an overview table and 

elaborated upon in more detail right after each table, to highlight the accompanying 

summary of salient points. A detailed description of all results including major and minor 

themes from each table will be presented as well. At the very end of each research question, 

I follow up with a summary of major results addressing each research question again. 

Throughout my results chapter, I highlight the origin of each quote, so that it is clear how 

I made certain claims, drew certain inferences, and extracted the various insights that my 

participants offered. 

Table 3.5 illustrates the major codes identified through the inductive analysis process 

within this study, as highlighted in Chapter 3. As illustrated in the aforementioned chapter, 

most data presented in this chapter is drawn from interviews. Artifacts (e.g. teaching 

philosophies, email communication) are included as needed to support categories and 

themes extracted from the data set. Each coded interview and artifact was continuously 

checked for the codes emerging during the analysis process. This represented one way of 

spiraling through my data, using Gadamer’s hermeneutic analysis approach summarized in 

Figure 3.7, which provided an overview of the approach to data analysis and interpretation 
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of results on this study. Some tables that are incorporated in this results chapter directly 

resemble codes used during the coding process (e.g.,Figure 3.8), other tables were created 

based on multiple codes that were combined based on their relationships, illustrated in 

Figure 3.8. For instance, Table 4.15 was created based on multiple codes, such as 

“teaching-role of importance”, “teaching goals”, and “teaching methods”. When 

introducing each table, I will specify which codes were used to further identify categories 

and themes within the data collected. Those codes often revealed similar themes and were 

combined according to the relationships outlined in Figure 3.8, unless stated otherwise. 

Within tables in this chapter, categories and themes were further distilled from the codes 

in more detail to classify beliefs/perceptions and actions. 

While this chapter primarily presents the results emerging from the data, results will 

be further discussed and set into relation to one and another in the subsequent discussion 

section. Due to the various amount of results that originated from this exploratory research 

study, I found it to be beneficial to present all the results first followed by a discussion of 

these results. 

4.2 Addressing the First Research Question 

Henderson (2002) argued that teachers’ personal views, beliefs, and perceptions of 

teaching influence instruction. Beliefs can also drive the teacher’s actions, and teaching 

experiences can lead to changes in beliefs (Richardson, 1996). I therefore chose to 

investigate beliefs and perceptions to better understand actions taken in the classroom. 

Results are presented, addressing the following first research question:  

What are biochemistry instructors’ perceptions and beliefs about teaching 

biochemistry at the college-university level? 
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Because of the emphasis of this particular research question, I was especially interested in 

what instructors’ personal beliefs were around the teaching of biochemistry, as well as in 

how they perceived the influences and factors that ultimately helped shape those beliefs. 

4.2.1 Detailed Description of Results Addressing the First Research Question 

Within this section, I will highlight categories and themes addressing the first 

research question in more depth. The following topics about teaching biochemistry will be 

discussed in more detail: 

• Beliefs about teaching.  

• Influences of beliefs on teaching.  

• Instructor interest in teaching.  

• Goals.  

• Perceived success and measurement methods.  

• Biochemistry instructors’ perceptions on their roles in teaching 

biochemistry. 

• Instructors’ opinions on students’ roles in biochemistry classes. 

Each section will start with an overview table on its respective results, which  

will be presented in more detail below each table. 

4.2.1.1 Beliefs about Teaching Biochemistry – an Emphasis on Utilitarianism 

The following table will illustrate categories and themes I saw emerging in my data 

set, centering around beliefs on teaching biochemistry. All beliefs identified addressed, to 

some extent, the approach that biochemistry should be taught for the greater good. This 

represented the broader category “utilitarian approach”, which revealed further themes that 

are highlighted below this main category in Table 4.1. 
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The table generated, originated from the codes “teaching beliefs”, “teaching beliefs-

influences”, and “teaching goals”, as illustrated in Figure 3.8. These codes encompassed 

similar themes that related to instructors’ beliefs on teaching biochemistry, that all 

addressed a similar category, the “utilitarian approach” and were analyzed together.  

To help you understand this table better, I will discuss one participant’s results and 

how it can be read and interpreted from the table given below. Dr. Derrick’s quotes, for 

example, represented with an “x” in the first row in the table, expressed the beliefs about 

how “science is for everyone to understand and enjoy” and “getting the big picture (of the 

subject taught)” were important for him when teaching biochemistry. Whenever an “x”-

appears in the cell of the table, a particular theme (represented by the name of the column) 

was emerging for a respective participant, and is found on the left of the table. 

Representative quotes for each “x” are highlighted below the table and further elaborated 

on. 

Adjustments only had to be made for Dr. Derrick after the member-checking 

process, who believed that “I feel that I place importance on students”, “getting the big 

picture” and “I strive to provide examples in class that enable this goal.” Therefore, an “x” 

was placed for the theme “getting the big picture (of the subject taught)”. 
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Table 4.1 Participants’ beliefs on the value of teaching biochemistry for the greater good 
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Doctoral 

granting 

institutions 

Dr. Derrick x     x  

Dr. Devora   x    x 

Dr. Duna x  x   x  

Dr. Dixie   x    x 

Dr. Donald   x x x   

Dr. Danner   x x  x  

Dr. Dana   x x    

Dr. Dalton x  x     

Dr. Dolly   x     

Dr. Donna   x  x  x 

Master 

granting 

institutions 

Dr. Magnus    x  x  

Dr. Manju   x    x 

Dr. Maggie  x x   x  

Dr. Mickey   x     

Bachelor 

granting 

institutions 

Dr. Brigid   x   x  

Dr. Berry   x x   x 

Dr. Bobbie   x x    

 

When investigating beliefs on teaching biochemistry, the most common belief 

discussed among instructors involved ideas related to utilitarianism – benefitting as many 

people as possible for the greater good. This encompassed ideas regarding how everyone 

should be able to access and enjoy science/knowledge. Dr. Derrick, for example, explicitly 

verbalized this as his approach to life: 

I have my philosophy of life. It's more or less utilitarianism, which has been 

expressed as the greatest amount of something called happiness of the greatest 
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number of people, I think it is, but I would expand it to the greatest amount of 

whatever this happiness is for the world in general because I think affecting the 

world will affect the people who live here. We can't divorce ourselves from that. 

(Dr. Derrick, interview) 

 

Dr. Donna also emphasized providing real world examples to help student connect better 

with the material. 

Something that's a major piece of my teaching philosophy. Regardless of who I'm 

talking to, whoever my audience is, I try to know who my audience is so I can 

connect. No matter if it's the history of science or I have a whole TMV day on the 

people who discovered the models of the atoms, very fun, to where do camels get 

the water to survive in the desert. That's actually context for [inaudible 00:21:11] 

So I teach all of metabolism in terms of carbohydrate and lipid metabolism in the 

context of how do diabetics have a service dog to know when their blood sugar is 

getting low. So, it's kind of phenomenon based but it's always applied. (Dr. Donna, 

interview) 

 

In addition, to reach utilitarianism, “science needs to involve”, as Dr. Donald emphasized: 

Biochemistry is a subject that has all sorts of medical implications, and probably 

95 to 100% of the students in the class are premed or pre-dent or something like 

that. They're not necessarily interested in biochemistry, but they know it's very 

important. Professors tend to say, "This is the most important thing. You have to 

study as hard as you can." I don't like that. I like to get them engaged. They already 

know it's important, but it's gotta be fun to be able to do it […]. (Dr. Donald, 

interview) 

 

Dr. Berry phrased her student involvement in the light of having her students struggle in 

class to master the material: 

My thought on teaching biochemistry is I need to teach students how to learn 

biochemistry and what the fundamental guiding principles of biochemistry are, so 

they can go learn the new things that come out in the next 25 years, biochemistry I 

don't think we've arrived yet. […] I appreciate that it happens in small groups and 

with students struggling through materials, I think them talking is more effective 

than me talking. (Dr. Berry, interview) 

 

It goes without saying that approaches to teaching that build on a belief system like those 

mentioned are rather challenging for students, which was recognized by instructors such 

as Dr. Berry: 
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I try and listen to what they're saying and if I hear things that are wrong, trying to 

guide them towards the correct idea. Often, I end up saying it just because they've 

hit the frustration point where they're not learning on their own. They just need to 

hear what is it? Now that I'm done being frustrated I can move on. It's more listening 

to what they're saying and less of me talking. (Dr. Berry, interview) 

 

Instructors also believed in the idea of giving student a feel for the big picture in how 

everything is interconnected in biochemistry and how concepts cannot be seen isolated 

from one another: 

Oh, what I care about is how it integrates with other pathways and other systems. I 

teach at a much more integrated level. It's like I'm not going to just look at this in a 

bubble, in a vacuum. It's like, "Oh, here. Memorize all these reactions." It's like, 

"For what?" Right? But more how it interacts with other pathways. That's my shtick, 

because they can go memorize anything on their own. It's more how it's integrated 

that gets me excited. (Dr. Duna, interview) 

 

Overall, results on instructors’ beliefs of teaching biochemistry show a high emphasis on 

including as many students as possible and making their experiences relevant in the 

classroom. Many instructors who shared these views also emphasized that science was a 

challenging concept to understand and getting the big picture was crucial. 

4.2.1.2 Influences on Beliefs on Teaching Biochemistry – from Past Educational 

Influences to Trial and Error Phases in One’s Own Classrooms 

The investigation of beliefs that centered around the teaching of biochemistry was 

a challenging endeavor, as instructors usually did not think about what made them teach a 

particular way. Many differently worded interview questions were used to provide my 

instructors the opportunity to generate thoughts and memories upon which their teaching 

beliefs were based and extract the basis on which they built methodologies. Factors that 

influenced instructors’ teaching (as indicated by the participants) were categorized as “non-

controllable influences” and “controllable influences”, as shown in the table below, Table 

4.2. “Non-controllable influences” included familial, cultural, and educational, with 
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educational being the most common theme, as illustrated later in this section. Many 

instructors voiced the impact of their own education as being an important influence on 

their current styles of teaching. “Controllable influences” described the choices made when 

learning about one’s own teaching, either through the experience of teaching or through 

past experiences in one’s own learning process.  

The Table 4.2 was generated, originated from the codes “teaching beliefs”, 

“teaching beliefs-influences” as illustrated in Figure 3.8. These codes were encompassing 

similar themes that related to instructors’ influences on their beliefs on teaching 

biochemistry and were analyzed together.  

To help you better understand this table, I will discuss one participant’s results and 

how it can be read and interpreted from the table given below. Dr. Maggie’s statements 

related to two themes that emerged in the category “non-controllable influences”, namely 

“familial influence” and “educational influence”. After member-checking, Dr. Maggie 

made one addition to the data analysis set provided to her to confirm my interpretation of 

her views on the influences of teaching:  

I have gained much of my beliefs in teaching biochemistry from years of experience 

in the classroom. Familial Influence and Educational influence were indeed 

important, but years of observing what did and did not work both in my classroom 

and when observing colleagues’ classrooms were seminal in shaping my approach 

to teaching. I would mark the box under “Controllable influences” to include 

“Learning by teaching. (Dr. Maggie, member-checking) 

 

Due to this addition an “x” was placed in the theme “learning by teaching” and can be seen 

in the table below for other participants when certain themes were emerging during data 

analysis. As before, exemplary quotes will be provided to illustrate each theme in more 

detail. 
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Table 4.2 Internal and external influences on beliefs on teaching biochemistry 

T
y

p
e 

o
f 

in
st

it
u

ti
o

n
 

P
ar

ti
ci

p
an

ts
 

Non-controllable influences 

(influence that was not in their own 

hands, external) 

Controllable influences 

(influences based on personal choices 

made) 

Cultural 

influence 

Familial 

influence 

Educational 

influence 

(own education 

received, role 

models as 

teachers) 

Learning by 

teaching 

(experimenting in 

one’s own 

classroom) 

Learning by 

learning 

(experiencing 

different ways of 

learning through 

past education) 

D
o

ct
o

ra
l 

g
ra

n
ti

n
g

 i
n

st
it

u
ti

o
n

s 

Dr. Derrick x  x   

Dr. Devora   x  x 

Dr. Duna    x  

Dr. Dixie  x  x  

Dr. Donald   x  x 

Dr. Danner    x  

Dr. Dana x  x   

Dr. Dalton  x  x  

Dr. Dolly x x x   

Dr. Donna x  x  x 

M
as

te
r 

g
ra

n
ti

n
g

 

in
st

it
u

ti
o

n
s 

Dr. Magnus   x x  

Dr. Manju   x x  

Dr. Maggie  x x x  

Dr. Mickey   x   

B
ac

h
el

o
r 

g
ra

n
ti

n
g

 

in
st

it
u

ti
o

n
s 

Dr. Brigid  x x   

Dr. Berry   x x  
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In order to explain instructors’ belief systems in more detail, exemplary cases are 

highlighted below. In the category “controllable influences”, the one most frequent theme 

that emerged from the data was “learning by teaching”. This was true for most instructors 

who were “thrown” into the job of being an educator, without any instructions and/or 

education on teaching prior. Overall, looking at all sources of potential teaching beliefs 

influences among individuals interviewed, themes appeared to be rather diverse. 
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Dr. Dixie, Dr. Bobbie, and Dr. Dalton were all largely influenced by their familial 

background and learned teaching on the go. Dr. Dalton further elaborated further on his 

belief system when he mentioned his daughter as an influential factor in his life:  

Researcher: You also mentioned that your daughter has a learning disability, so  

probably going with her through the process of different ways of 

explaining things so she can learn better did inform that process, 

right? 

 

Dr. Dalton: Yes, I think so. […]. All the time of her growing up, I think it was  

clear to me that people learn in different ways and you have to kind 

of adjust your teaching style to fit the learning ability of the kids to 

learn. That's one aspect of it. (Dr. Dalton, interview) 

 

Here Dr. Dalton noted that watching his daughter learn helped him realize that the ability 

to learn is a gift that has to be carefully evaluated for everyone and one has to be sensitive 

to the fact that learning does not come easily to everyone and multiple opportunities have 

to be established in a class to give everyone a chance to learn their way. In addition to 

“familial influences,” Dr. Dalton’s beliefs on teaching biochemistry were shaped by his 

commitment to always trying to meet students’ needs: 

Secondly, I did some teaching over in [oversees] in a rural community, and there 

again, I think it was clear that not everybody learns in the same way or even with 

the same language. So, the teaching has to be adjusted accordingly and I have a 

feeling that probably every lecture is standing up there and trying to gauge whether 

the students are following the language or whether the language has to be changed 

in the process. Third, the first place I taught out at [X], taught there for about 10 

years, and the faculty members, there was an older arching idea that we, as faculty, 

were there for the students benefit. Or our goal was basically student oriented, and 

I think carrying that through is an important part of the situation. Let's see if I can 

expand on that a little bit. No, maybe I can't. (Dr. Dalton, interview) 

 

Cultural influences were closely associated with educational influences for many 

instructors (e.g., Dr. Derrick, Dr. Dana, Dr. Dolly, Dr. Donna). As a representative example, 

Dr. Donna discussed how she grew up in a culture where she always needed to make an 
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effort to explain concepts to her audience in a way they could relate, which made her put 

an emphasis on application into her teaching: 

[…] so, I come from a rural background. My family are a bunch of farmers and so 

I think that's where the application part comes from. […] my family's farmers. And 

my cousins, at Christmas are like, "Oh, the chemist. You're so smart." And I'm like, 

"You do realize you do more chemistry on a daily basis than I do. Out on the farm." 

[…] And so, I think that's part ... Something that's a major piece of my teaching 

philosophy. Regardless of who I'm talking to, whoever my audience is, I try to 

know who my audience is so I can connect. No matter if it's the history of science 

or I have a whole TMV day on the people who discovered the models of the atoms, 

very fun, to where do camels get the water to survive in the desert. […] So I teach 

all of metabolism in terms of carbohydrate and lipid metabolism in the context of 

how do diabetics have a service dog to know when their blood sugar is getting low. 

So, it's kind of phenomenon based but it's always applied. (Dr. Donna, interview) 

 

Furthermore, her interactions and own educational experiences through her advisor in 

college shaped her use of application-oriented teaching techniques further: “Yeah, 

definitely my background in education influences how I teach.” (Dr. Donna, interview) 

Individual experiences with instructors at college also helped her realize what she valued 

when learning on her own, and what her students could possibly benefit from when learning 

biochemistry: 

Specifically, for biochem in grad school. So the reason why I'm so big on the 

representation, the animation and simulations and stuff like that is because in grad 

school, I had a biochem professor who was trying to explain ATP synthase without 

any representation. And are you familiar with ATP synthase? It's my favorite 

enzyme so the intricacies of it are so beautiful and the engineering and everything 

like that but he couldn't get it across. And I could not understand what he was 

talking about to save my life, so I went upstairs and I YouTube'd it and found an 

animation that I still use to this day that gets the intricacies and the engineering and 

the energy transfer from chemical potential to mechanical all in one image or one 

animation. And so that's a direct experience that I had that I try to keep in mind 

when I teach my students. So, if there's something like a dynamic process, for sure 

there's animation to go along with it. (Dr. Donna, interview) 
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As noted previously, many instructors elaborated on experiences from their own 

education. Dr. Derrick elaborated on his educational experiences as follows, also realizing 

that he needed to change something in his teaching: 

Well, yeah. So, I was informed by my own experiences and they were very 

traditional. Professor X would get up and talk for an hour and then you'd go home, 

and you'd study for a couple of hours to figure out what they said. No, I think we 

all agree that wasn't a very good way to do it and I think when I arrived here, I 

thought it would be the same way and I quickly realized it's not like that at all. You 

really have to engage them and try and try and get them working with each other 

and talking to each other. (Dr. Derrick, interview) 

 

Dr. Magnus drew from positive and negative examples to shape his ways of 

teaching: 

[…] I had another professor […]. His lectures were not polished at all, which I 

would say. His exams were extraordinarily impossible to pass, but looking back, I 

learned more from his class than any other. […] Again, I talked really about being 

motivated by previous or what influences me, again, looking back on my upper 

graduate career, a couple professors in particular that I reflected on when I was 

starting out as teaching, one was my teacher for my freshman biology class. This 

person was hilarious. […] he was very witty and clever and funny, but I can't say I 

learned a lot from that class. […] Again, I think it was this idea that writing exams 

that were very challenging was a learning experience. Taking exams that were very 

challenging was a learning experience. That was, I think, probably something I got 

form that. Again, it's probably it's not one of those things that you consciously are 

aware of. (Dr. Magnus, interview) 

 

Dr. Magnus was also among a few participants who made inferences on their ways of 

teaching by the ways they learned on their own: 

Again, that comes from my own experience. When I was in college that's the way 

I would take notes. I had friends who would in the course would come back with 

four or five, six pages of notes that they took down during class and I would have 

taken maybe a half a page. All I would have done is sit there and listen. When I 

understood what the professor was talking about, I would write that down, write 

down what I understand. I could distill an entire days' worth of lecture into just a 

half a page of ideas in my own words. That was, I found, really effective. (Dr. 

Magnus, interview) 
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One of the major themes identified as influences on instructors’ beliefs was their tendency 

to rely on their own experiences when trying out different ways of teaching in their 

classrooms. Dr. Duna stated, for example: 

No. It just ... It's very strange because you just get thrown into a room. Sink or teach. 

You just kind of develop it as you go. It wasn't like oh I went in knowing what I 

was doing. I had no idea what I was doing. You go and you see what resonates and 

then if it works you keep doing it. If it doesn't, you stop doing it. You have to be 

flexible. You have to be willing to change. (Dr. Duna, interview) 

 

It was interesting to see that, although this study involved many participants, the 

factors identified by participants could be summarized using only a few categories. Major 

themes that emerged from the data, such as influences from past educational experiences, 

as well as instructors’ tendency to build their belief system through own experiences as 

students could potentially offer a platform for change of existing beliefs with appropriate 

measures of PD efforts. I will discuss this idea further in my implications section, where I 

will link the influences on beliefs and existing belief systems in place with instructors’ in-

class practices. I will also explore potential ways to motivate the implementation of 

evidence-based teaching practices further (see Chapter 6). 

4.2.1.3 Instructors Interest to Teach – Myriad of Reasons Supporting a Positive Attitude 

On the surface there seems to be many reasons why instructors decided to pursue 

teaching, but they can be distilled into a few common patterns. In this section, I will 

emphasize identifying the major categories and themes that I was able to distill from the 

data. Overall, two main categories encompassed participants’ responses, “student-

centered” and “instructor-centered”, as highlighted in Table 4.3 below. In the “student-

centered” category, themes emerged that directly benefitted students. In the category 
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“teacher-centered” I summarized all themes that were more of a teacher-centered nature 

and did not benefit the students.  

The table generated below originated from the codes “teaching interest to teach”, 

and “teaching methods” (see Table 3.5). These codes encompassed similar themes that 

related to instructors’ interest to teach, as shown in Figure 3.8. To extract as much 

information as possible, I analyzed them together. 

As previously mentioned, I will highlight one participant’s results centering around 

instructors’ interest to teach. In this case, Dr. Maggie’s statements indicated her interests 

to teach were related to both students as well as her own benefits. This instructor mentioned 

to teach because she can share her fascination about biochemistry with her students (see 

Table 4.3 “sharing fascination (instructors ‘fascination for biochemistry)”), that related to 

a student-centered motivation on teaching. On the other hand, she also mentioned interest-

factors that centered more around teacher-centered benefits such as the themes “love of 

teaching”, and “effectiveness of teaching on learning (interest in teaching outcomes, 

effectiveness)”. After member-checking, she added the following statement, which 

allowed me to place an “x” for the theme “from hands off lecturer to hands on lecturer 

(traditional- to non-traditional teaching)”: “I might also vote for checking the box under 

“from hands off lecturer to hands on lecturer.” I went from mainly a lecture mode early in 

my career, to adding more active learning approaches into my classroom. Again, I may be 

interpreting this category incorrectly.” 

Inspired by Dr. Maggie’s quote above, I want to take the opportunity and talk about 

the relatedness of the terms active learning and student-centered learning within this study 

in more detail, to be explicit about how those terms were used and why. For the purpose of 
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this dissertation, I will use the terms active learning and student-centered learning 

somewhat interchangeably. This is consistent with what I observed during interviews with 

the participants, who seemed to have used these terms interchangeably. 

In the table below, present themes that were uncovered during data analysis were 

marked with an “x” in the table for each participant. Below the following table, I will 

elaborate further on each theme and major results in this table. 
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Table 4.3 Continued 

M
as

te
r 

g
ra

n
ti

n
g

 

in
st

it
u

ti
o

n
s 

Dr. Magnus          x     

Dr. Manju   x       x    x 

Dr. Maggie  x        x x  x  

Dr. Mickey  x        x     

B
ac

h
el

o
r 

g
ra

n
ti

n
g

 

in
st

it
u

ti
o

n
s 

Dr. Brigid x       x  x     

Dr. Berry      x         

Dr. Bobbie      x  x     x  
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Within the “student-focused” category, most instructors discussed sharing their 

fascination with biochemistry and making a difference in students’ lives, as discussed by 

Dr. Duna: 

I really just taught large enrollment undergrad classes my whole time, which I like 

because you get a big ... there's a big impact factor. I think that's important. That 

turned out to be important for me. You know, knowing that what I did actually 

affected somebody. […] Oh, yeah. Yeah. That's what's really important to me 

because nobody's going to care exactly what they learned from me, but that I made 

an impression on them on how to learn, that's more important to me. (Dr. Duna, 

interview) 

 

Responses were labeled as “instructor-focused” when participants mentioned their 

personal love of teaching and the related reward associated with teaching, both of which 

came up frequently. For example, Dr. Maggie stated: 

I love teaching and I love biochemistry. How we work on the molecular level - that 

we don’t keel over on a regular basis needing a reboot - is fascinating to me. The 

molecular dance that allows us to think, move, and live is elegant, robust, and yet 

driven by random molecular motions and collisions. How cool is that. (Dr. Maggie, 

integrative statement for promotion to tenure) 

 

Student feedback was also mentioned as a frequent motivating factor for teaching 

biochemistry, as stated by Dr. Duna: 

I mean it's a very different reward system than you get in research because it's 

instant. You can get some instantaneous feedback. With research, it could take 

months or years or whatever, right? Then you have this personal interaction with 

these people that you're actually helping them. It's a very different reward system. 

I value it nearly as equally. (Dr. Duna, interview) 

 

A few instructors also pointed out that teaching helped their own learning. Consider the 

quotes by Dr. Derrick and Dr. Danner: 

It also, but doing that, it keeps me interested in the field because that's important to 

be able to do is to stay interested, even when for example my own research program 

isn't going like gangbusters. It's just knowing that there are other areas out there. 

There are other groups that are doing amazing things is very important. So, I get a 

lot of it that way. (Dr. Derrick, interview) 
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The other thing is, since I do that every year, I like to change things around 

somewhat just for my personal benefit, so I don't get bored and learn something 

new. That's one of the things that I enjoy about teaching that you ... you're sort of 

educating yourself. You're learning things new again. You have to inform yourself 

about what's currently being done in that field. (Dr. Danner, interview) 

 

To generalize my results, I want to note that all instructors were enthusiastic and positive 

about teaching, no matter what role it played in their lives. Their personal view of what 

motivated them to teach biochemistry varied largely among individuals. Among the most 

common themes of a “student-focused” nature were the interest to share one’s own 

fascination with students and trying to have an impact on students in general through the 

teaching of biochemistry. The most commonly shared factors that benefitted them more 

directly than their students were the process of gaining knowledge through preparing 

teaching materials, experiencing joy through the love of teaching biochemistry, and 

receiving feedback through their students that made them feel good about their teaching. 

4.2.1.4 Goals in Teaching Biochemistry – More than Just Conveying Knowledge 

As part of this study, each instructor shared their syllabus for the classes that were 

observed. To supplement the learning objectives outlined in the syllabi, participants were 

asked to discuss their goals in the interviews. The following table, Table 4.4, illustrates the 

results that emerged from this data source, addressing instructors’ goals when teaching 

biochemistry through their respective teaching styles. Three major categories appeared: 

“content-focused”, “learning-focused”, and “broader-impact-focused”, with “learning-

focused” being the most common category. In this work, “learning-focused” goals involved 

the application of knowledge and development of skills. As illustrated in Table 4.4, each 

category encompassed different themes that applied to a respective category.  
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In this table, Dr. Maggie, as many other participants, stated goals in all three 

categories identified. She mentioned within the category “content-focused”, that she valued 

to “convey knowledge”, with a focus on “quality over quantity”. As a “learning focused” 

instructor, her goals in class also related to the “application of knowledge” and the 

“development of skills”. In the last category “broader-impact focused”, her goals could be 

categorized as “raise interest in biochemistry”. Throughout the table, an “x” is placed in 

categories and themes that were identified for each participant. As a note, the table 

originated from the codes “teaching goals”, and “teaching beliefs” (see Table 3.5, Figure 

3.8).  

Adjustments only had to be made for Dr. Maggie after the member-checking 

process, who believed that she also sets a goal to focus on “quality over quantity”. I added 

a check-mark to this theme after she gave me feedback on my interpretation of her views 

on teaching biochemistry. All other quotes remained unchanged after member-checking 

was completed, since no other participant requested any changes or additions.
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Table 4.4 Various teaching goals present when teaching biochemistry 
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Most goals were centered around learning in the context of then being able to apply 

their knowledge. The themes of “conveying knowledge” and the “application of knowledge” 

usually emerged together. This phenomenon will be discussed more later, since it 

interconnects with many other results relating to perceptions and beliefs and actions about 

the teaching of biochemistry. Here are a few representative quotes listed that were collected 

in this study. Dr. Maggie stated for example: 

By actively engaging students in the course material, my goal is that they learn 

biochemistry concepts that are retained after the course is complete. In the group 

work, my goal is that they also learn important process skills, such as problem 

solving, critical thinking, and how to efficiently work with others in a technical 

team. (Dr. Maggie, integrative statement for promotion to tenure) 

 

This further connected her goals to the way she taught the class observed: 

I know this is somewhat of a spin of mine is that I'm much more interested in 

watching them active learn versus I need them to learn exactly this. I'm kind of like, 

"Well, they'll ..." I'm trying to as we say magic [inaudible 00:33:30] down to 

biochemistry. What will be revealed to them will be revealed to them in the process 

of doing it. (Dr. Maggie, interview) 

 

Dr. Maggie also focused on her goal of the “development of skills” in her classroom 

through her ways of teaching. This was similarly with Dr. Brigid: 

I have observed that most students entering college believe that learning in science 

is just memorizing facts and being able to apply algorithms. My goal is to show the 

students that learning is instead a process through which they should come to 

understand the source of the scientific “facts” and “algorithms”. […] I think some 

of the important things that they should be getting out of this class is that this is the 

final class in the sequence, and they need to learn that there's a lot of other 

information out there that I can't tell them about, but they need to be able to develop 

strategies to be able to deal with and to be able to learn on their own, and to take 

their previous knowledge and apply it to what they're seeing in front of them. (Dr. 

Brigid, teaching philosophy) 

 

The “development of skills” often emerged with the goals of getting students to 

apply the knowledge gained in class, as stated by Dr. Dalton: 
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I would really like the students to be able to think in a biochemical way, to take the 

material and apply it in a thoughtful manner. […] I'd come back to the idea that if 

they can learn that material and feel comfortable about knowing the material, 

understand that it's not so complex, but it's rather simple, then I think I'd done a 

good job at teaching. (Dr. Dalton, interview) 

 

In this statement, Dr. Dalton referred to his students’ learning the skills through listening 

in class and practicing outside of class. Dr. Derrick also emphasized his students’ gaining 

theoretical knowledge in class. He even emphasized the importance for students to utilize 

the theoretical models from class outside of class as well: 

Well, what I tell students when I meet with them, what I'm hoping for them to be 

able to do is to produce a model in their heads that they can refer in order to 

understand the story. […] So certainly, one goal is I want them to understand and 

appreciate the structure of biochemistry, how it does a very good job of explaining 

how energy is produced from the metabolism of nutrients, that sort of thing, on a 

content level, but in the process of doing this also, I'm hoping that they'll be 

challenged to think of problems, do some problem solving. […] Then once you 

know those things, with this model, that I hope that they acquire, I want them to be 

able to apply it to new situations because that's what they'll do. Whatever they do 

in life, they'll have to think outside the box and take their knowledge and their 

background to apply it to new situations. So that's part of it also and that's done 

partly by giving them problems to solve. There is some problem solving in that 

class outside of the exams. (Dr. Derrick, interview) 

 

A similar theoretical approach of thinking about the application of knowledge outside of 

class was expressed by, Dr. Dalton as follows: 

What I'm looking for is so that they can take their biochemistry and feel comfortable 

enough with it that it's as every day as deciding what they're gonna have for dinner 

in the evening. So they can take the material and treat it in a way that they feel very 

comfortable about. (Dr. Dalton, interview) 

 

A more practical statement was given by Dr. Bobbie, who emphasized conveying 

knowledge in class through applications and the “development of skills”: “It’s critical 

thinking skills and basic biochemistry knowledge. I think if they work with those two 

things, that’s a step in the right direction.” This statement is supported by her syllabus 

where she stated: 
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Application of knowledge in biochemistry is inherently interdisciplinary. 

Biochemistry requires knowledge from general chemistry, organic chemistry, 

analytical chemistry, cellular biology, molecular biology, and genetics to be 

integrated in order to solve problems of interest in living systems. Integration and 

application of knowledge are the focus of this course. (Dr. Bobbie, interview) 

 

A frequent theme that appeared in the category “broader-impact-focused” was 

stressed by several other instructors to within the context of increasing interest in 

biochemistry. 

So yeah, I think the goal is to get the students interested in the topic enough to 

engage in it and I believe that. […] but for those students who are interested, I want 

them to be able to come away from this experience with a new appreciation for 

something that they might not have appreciated before and I think it does change 

some student. (Dr. Derrick, interview) 

 

Dr. Maggie highlighted the need to first interest her students in the topics through 

a light introduction of concepts, and then further deliver material through the application 

of knowledge and the teaching of skill sets: 

As most students take this course as a requirement for their major, this can be a 

challenge, particularly in my lower level courses. But if I can get students to 

appreciate biochemistry as an area of study, it is much easier to motivate them to 

learn the material. I have found that beautiful animations that tell a biochemical 

story, or graphics that help students visualize the molecular environment can 

provoke sense of wonder at the tiny molecular world. Once I have the students 

interested, my second goal is to engage them in the material so that they learn the 

concepts rather than simply memorize information. By actively engaging students 

in the course material, my goal is that they learn biochemistry concepts that are 

retained after the course is complete. In the group work, my goal is that they also 

learn important process skills, such as problem solving, critical thinking, and how 

to efficiently work with others in a technical team. (Dr. Maggie, integrative 

statement for promotion to tenure) 

 

It became apparent during the analysis that “application of knowledge” was an 

important goal across instructors. Generally, the discussion of the application of knowledge 

by the participants could be characterized as theory-oriented (discussed applications in a 

more theoretical way, outside of class; e.g. Dr. Derrick, Dr. Dalton, Dr. Manju) or practice-
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oriented (discussed applications in a more practical way to be used in class; e.g. Dr. Maggie, 

Dr. Brigid, Dr. Bobbie). 

4.2.1.5 Perceived Success in Teaching – a Mostly Positive Attitude 

To capture my participants’ perceptions of their teaching, I asked everyone how 

successful they felt in their lectures. The table below (Table 4.5) includes everyone’s 

estimate on how successful they thought they were in their classrooms and in achieving 

their goals when teaching biochemistry. Three categories emerged from all interviews 

collected: “not feel successful”, “feel successful”, “feel successful with room for 

improvement”. Instructors who mentioned that they felt successful when teaching 

biochemistry were categorized as “feel successful”. Participants who felt successful but 

mentioned room for improvement through challenges they faced, for example, were 

categorized as “feel successful with room for improvement”. Instructors who said they 

were not successful were categorized as “not feel successful”.  

Check-marks were placed in the table where responses from instructor met a 

respective category best. The table generated below, originated from the codes “teaching 

goals” (see Table 3.5, Figure 3.8). 

Dr. Maggie was the only instructor who requested a change of category after 

member-checking was completed. Based on her interview, I first categorized her as “feel 

successful”, since she came off as confident and verbalized less improvements to make in 

her classroom. After the member-checking process, when I shared my interpretation of her 

data with her, she said she felt more comfortable with the category “feel successful with 

room for improvement”, which I elaborate on in the following table.
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Table 4.5 Success in achieving one’s teaching goals 
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Perception of success in lecture 

Not feel 

successful 

Feel 

successful 

Feel successful 

with room for 

improvement 

Doctoral 

granting 

institutions 

Dr. Derrick x   

Dr. Devora  x  

Dr. Duna  x  

Dr. Dixie  x  

Dr. Donald   x 

Dr. Danner  x  

Dr. Dana  x  

Dr. Dalton  x  

Dr. Dolly  x  

Dr. Donna   x 

Master 

granting 

institutions 

Dr. Magnus  x  

Dr. Manju  x  

Dr. Maggie   x 

Dr. Mickey  x  

Bachelor 

granting 

institutions 

Dr. Brigid   x 

Dr. Berry   x 

Dr. Bobbie  x  

 

During the interview process, it was noticed that instructors had different opinions 

regarding their success at meeting their goals, with most instructors feeling successful in 

achieving their goals in their classrooms. There were differences. However, in reasons why 

they felt successful. For example, Dr. Devora stated: 

I think I'm reasonably successful. My students can go forth and get into graduate 

school or get a job in a ... so I think I'm reasonably successful, you know, sometimes 

more successful than others. It always depends on the student. Yeah. I would say 

I'm reasonably successful. (Dr. Devora, interview) 

 

Some instructors felt that they were successful, but immediately pointed out 

significant room for improvement to better achieve their set goals teaching biochemistry 

and especially indicated their willingness to bring up possible actions to make changes or 

pointed out caveats they saw needed improvements in their classrooms: 
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Researcher: Mm-hmm (affirmative). How do you feel, actually, in being able to  

achieve the goals that you have that you defined earlier for me in the 

lecture, how do you feel about that? Do you think you achieve them 

really well, or is there anything where you're like, "Here are some 

more changes that I would like to do because those are the things 

that are not yet perfect"? 

 

Dr. Donald: Yeah, well nothing's perfect. It's always, there's an imperfection.  

After a class, I'll take one of the problems that wasn't working well 

for the students, and why was that? Kind of look at it and I can 

change it for the next time. (Dr. Donald, interview) 

 

Concerns about the improvements that needed to be made to be more successful in the 

classroom were more frequent across my population of instructors, as also stated by Dr. 

Brigid and Dr. Donna in their respective interviews: 

Dr. Brigid:  I think I'm relatively successful. I wish I could keep the students  

more focused, and I think that's something that we have a difficulty. 

Now, if you watched the entire video, I yelled at one of the students 

for using his phone, because he always does that. (Dr. Brigid, 

interview) 

 

Dr. Donna: I have no idea. I don't think I'm doing that great. So my students  

are struggling with my exams. The average is typically low D range. 

(Dr. Donna, interview) 

 

Another perspective that came up during interviews with different participants was 

strongly voiced by Dr. Maggie who had difficulty deciding whether she was successful (or 

not). She pointed out that she found it challenging to come up with measurable goals for 

her class: 

I need to come up with this set of what I would call the basic goals of biochemistry. 

Of course, I have things I want them to know. I'm not totally without goals, but I'm 

not a goal-oriented person. That said. That's my caveat… Do I feel like I've attained 

my goals? Do my students demonstrate ... Have I done any retention stuff? Have I 

gone to see where they're at a year after my class? I haven't. If I was a true scientist 

teacher, I would do that. I would say, "Hey, who'd be willing to take a little quick 

test so I can see what you remember and what you don't remember?" I haven't done 

that. All I can really talk about is do I feel like at the end of the year have they got 

a better grasp of how we work on a biochemical level or how life works on a 

biochemical level. I feel, sure, that they do. I mean and what am I basing that on? 
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I'm basing it on what they are able to regurgitate to me on a test, but there are 

concepts they certainly get that I'm very proud that they get. There are though things 

that half the class just never gets, which is all like, "Ugh, really?" So there's those 

frustrations that go on, and so you try different things. I don't know. I don't know 

how successful I am at ... See, this is why I'm not a goal-oriented person. I would 

have to be ... I would make these goals and then whether I achieved them or not, 

how do I know? Right? (Dr. Maggie, interview) 

 

Various perceptions of how successful instructors felt in achieving their goals 

emerged from the interviews. Overall, the instructors teaching biochemistry nowadays felt 

rather successful in their achievements, with some instructors reflecting more on the room 

for improvement than others. 

4.2.1.6 How Success in Teaching is Perceived - a Wholesome Perception through the 

Use of Multiple Resources 

During the interviews, after my participants elaborated more on how successful 

they felt in class achieving their goals, I asked them to share their perception on how they 

“knew” how successful they were. Varying ways in how instructors replied are reflected 

in categories that emerged from the data analysis process, as shown in Table 4.6 below. 

Four main themes were identified: “intuition (instructors’ perceptions’ on how they “felt” 

about students getting concepts)”, “class attendance”, “student performance (usually on 

tests)”, “student feedback (in and outside of class)”.  

Instructors often mentioned multiple ways on how to measure their success in 

achieving their goals. Dr. Manju, for example, has an “x” in every cell of the table, 

indicating that he mentioned a statement in his interview that supported every theme that 

emerged from the data. Taking this information into consideration, the table incorporates 

the codes “teaching goals” and “assessment” (Table 3.5, Figure 3.8) which were analyzed 

together.  
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Table 4.6 Teaching goals and its measure of success 

Type of 

institution 

Participants Way on measuring success to reach teaching goals 

Intuition 

(instructors’ 

perceptions’ on 

how they “felt” 

about students 

getting concepts) 

Class 

attendance 

Student 

performance 

(usually on 

tests) 

Student 

feedback 

(in and 

outside of 

class) 

Doctoral 

granting 

institutions 

Dr. Derrick  x x  

Dr. Devora x  x x 

Dr. Duna x x   

Dr. Dixie x   x 

Dr. Donald  x x x 

Dr. Danner   x x 

Dr. Dana    x 

Dr. Dalton   x x 

Dr. Dolly   x x 

Dr. Donna    x 

Master 

granting 

institutions 

Dr. Magnus    x 

Dr. Manju x x x x 

Dr. Maggie x  x x 

Dr. Mickey x  x x 

Bachelor 

granting 

institutions 

Dr. Brigid    x 

Dr. Berry   x x 

Dr. Bobbie   x x 

 

It was insightful to understand more about instructors’ perceptions and beliefs on 

teaching biochemistry by taking a closer look at the ways they measured their success in 

achieving their goals in teaching. Overall, “student feedback” as well as “student 

performance” were instructors’ primary ways to measure their success in teaching, as Dr. 

Donald elaborated further on: 

In fact, several years ago, one of the students who took the MCAT came up and 

said, "Hey, Dr. Donald, they used the case study with Alex and his glycogen 

disease. It was so good 'cause I knew it. We'd done it in class." […] Dr. And then 

the next year, a kid came up and said, "Hey, [Dr. Donald], I'm doing the Kaplan 

stuff, and they're using Alex case study." (Dr. Donald, interview) 

 

Dr. Donald elaborated on gathering achievement through student performance as follows: 

What I do is, what I use, the index, I haven't said yet, is the ACS has a core exam 

in biochemistry, and it has a standard core, which is 40 multiple choice questions, 

and then it has an advanced section. We only do the 40 questions, the core exam, 

not the advanced one. The advanced one, some of the students would be able to do 
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those questions, but I just wanted to keep it to that, 'cause it's a nationally normed 

exam. That's what's important. My kids will always do, their average is higher than 

the national norm, but not hugely over. But because there's, and because these 

questions they've never seen before, but they're over the exact same material. When 

I saw the ACS exam, when I first saw it, I said, "Oh my god, that's my course. Every 

question comes from these chapter of Lehninger that I do." (Dr. Donald, interview) 

 

Similarly, Dr. Maggie argued: 

All I can really talk about is do I feel like at the end of the year have they got a 

better grasp of how we work on a biochemical level or how life works on a 

biochemical level. I feel, sure, that they do. I mean and what am I basing that on? 

I'm basing it on what they are able to regurgitate to me on a test, but there are 

concepts they certainly get that I'm very proud that they get. (Dr. Maggie, interview) 

 

Few instructors said that intuition was their measure of success, and normally  

when intuition was mentioned it was within the context of other measures of success. Dr. 

Donna and Dr. Brigid were among the few instructors who put their primary emphasis on 

gaging measures of success through student feedback. Dr. Brigid noted: 

Some students tell me, "Oh, this is great. This class is great because now I see why 

I had to learn all that other stuff, why buffers were important, why I had to learn 

those organic mechanisms, because they all kind of come together at the end in 

Biochem and Advanced Biochem." (Dr. Brigid, interview) 

 

The way she talked about student feedback throughout her interview made it clear that she 

was, for the most part, relying on her students’ voicing their success, which she then could 

transfer on to her ways of teaching and how successful they were. 

Many instructors who stated that they felt successful in achieving their goals in 

teaching also states that they used student performance and student feedback as measures 

of success. This was often accompanied by estimating the achievements of teaching goals 

through their intuition, as indicated in the table above. 
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4.2.1.7 Perceptions on Biochemistry Instructors Roles in Teaching – a Little Bit Of 

Everything and Sometimes More Of One 

Another gateway to better understand an instructors’ way of teaching is to look at 

their perception on the roles they fulfill as educators in the classroom. During the analysis 

process, six different categories appeared that instructors identified with: “communicator 

(cover material, expectations and such)”, “facilitator of success (equip students with tools 

to understand concepts on their own)”, “motivator (be motivated, motivate students)”, 

“guide (guide through ways of thinking in theory and practice)”, mentor (advisor outside 

and inside of class), “challenger (posing challenging tasks, presenting challenging topics)”, 

see Table 4.7 below.  

I will use Dr. Derrick as an example to illustrate how the table should be read. This 

instructor provided a statement during the interview for the three categories 

“communicator”, “facilitator of success”, and “motivator”. Therefore an “x” was placed in 

these cells of the table. Dr. Derrick was also the only instructor who requested to add an 

additional check-mark to the table during the member checking process, in the category 

“facilitator of success”, where Dr. Derrick noted in an email: “[…] even if my interview 

did not convey this, I do feel that in my "teacher role" I act as a "facilitator for success" as 

well as being a motivator and communicator as you had indicated.”. The codes “teacher 

role”, “student role” and “transparency” (Table 3.5, Figure 3.8) were analyzed together in 

the following table, as they revealed similar themes. 
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Table 4.7 Perceived teacher role 
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(cover 

material, 

expectations 

and such) 

Facilitator 

of success 

(equip 

students 

with tools 

to 

understand 

concepts 

on their 

own) 

Motivator 

(be 

motivated, 

motivate 

students) 

Guide 

(guide 

through 

ways of 

thinking 

in theory 

and 

practice) 

Mentor 

(advisor 

outside 

and 

inside 

of 

class) 

Challenger 

(posing 

challenging 
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presenting 

challenging 

topics) 
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Dr. Derrick x x x    

Dr. Devora x  x x   

Dr. Duna x x x    

Dr. Dixie x x x   x 

Dr. Donald x  x    

Dr. Danner  x     

Dr. Dana  x x    

Dr. Dalton x  x    

Dr. Dolly x  x   x 

Dr. Donna  x  x x  

M
as

te
r 

g
ra

n
ti

n
g

 

in
st

it
u

ti
o

n
s 

Dr. Magnus x x    x 

Dr. Manju x   x   

Dr. Maggie x x     

Dr. Mickey x   x   
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u

ti
o

n
s Dr. Brigid x x x x   

Dr. Berry  x x  x  

Dr. Bobbie  x x    

 

Teacher roles were multi-facetted in how participants viewed their tasks. Many 

described their roles as what would be best summarized as “motivator” (e.g. trying to 

provide examples that motivated students, motivated them to learn material, to overcome 

fear of it being too hard) and “communicator” (e.g. communicate information, factual 

knowledge), as well as “facilitator of success” (e.g. equip students with tools to understand 

concepts on their own), as Dr. Duna stated for example: 

You have to understand human nature to be a good teacher. You have to understand 

what motivates 18-year-olds. Right? 19-year-olds, 20-year-olds. That's kind of 

what I end up going back on. You got to put yourself in their shoes, not what you 

think is important. You got to frame it around what they think is important. That's 
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where it gets trickier. […] If you tell them why you're doing something, they're 

much more motivated. Not just because I said so, but this is why I want you to learn. 

This is why I want you to do this. They're much more willing to follow along instead 

of do it because I said so. […] Okay. My job is to impart the information. […]. (Dr. 

Duna, interview) 

 

Besides her emphasis on taking the role as the motivator and communicator, she also 

stressed the importance of functioning as a facilitator in class. Dr. Duna noted as follows 

“I want them to learn how to be successful.” Dr. Brigid’s statement was less “separable” 

but had components of the role as a “motivator” and “communicator”, as well as “facilitator 

of success”. 

Okay, my role and responsibility is to help students understand the material and 

guide them through the material. I can't learn it for them. They have to have the 

responsibility of putting in the effort to learn it, and I do understand ... […] I think 

real learning and solidifying understanding has to happen outside the classroom, 

because there's a minimum amount of time in the classroom. I can facilitate it as 

much as possible, but inside the classroom, there's just not enough time […]. Again, 

and I think this goes back to my thoughts that you have to reinforce what you're 

learning all the time, and the exercises I give them in the classroom is a way for 

them to think about how they can think about questions that will reinforce their 

learning. […] Yes, I think by showing that I'm interested in understanding what 

they do and don't understand, and helping them become motivated to understand 

the material. I can help them, but it's not all me. It has to be some them. They have 

to have some of that internal motivation to do it. I think I can help influence them. 

(Dr. Brigid, interview) 

 

It was notable that “communicator” and “motivator” correlated with each other in 

many cases, as can be seen in Dr. Derrick’s interview statements: 

Well my responsibility is to be sufficiently knowledgeable about the material that 

I can help the students learn it. That's one role and another is to effectively 

communicate that material using whatever methods I feel are effective. That's what 

I'm there about. […] Well, I will say this, if I don't come across excited about what 

I'm teaching about, there's no way they're going to be excited. So, I have to get 

myself pumped up and excited about it. When you teach something for eight years 

straight, it gets harder and harder. (Dr. Derrick, interview) 
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Only a few participants verbalized their roles to also be the “challenger” in their classrooms. 

Consider, for instance, Dr. Magnus as being both a “communicator” and a “facilitator of 

success”:  

By identifying, my biggest, I see one of my really biggest roles then is to identify 

that small amount of material, or relatively small amount of material which is most 

critical for understanding what biochemistry is and then cover that very thoroughly. 

[…] Not so much to teach them everything, if that's really possible. To give them 

the framework and the background that they can apply that information to 

understand any topic that they may encounter. […] You're going to learn a lot more 

by taking the challenging exam than you would from the not challenging exam. I'm 

really doing my job if I write an exam that you've missed a lot of questions on." 

The students don't like that. (Dr. Magnus, interview) 

 

Most participants described more than one role as being important to them as 

instructors teaching biochemistry, among which “communicator”, “facilitator of success”, 

and “motivator” were the most frequent. 

4.2.1.8 Instructors’ Opinions on Students’ Role in Biochemistry Classes – Mainly Being 

the Learner and Utilizer 

I investigated how they viewed their students’ roles in the class as a way to better 

ground our understanding of instructors’ beliefs and perceptions as well as recognizing 

possible connections between their roles in the classrooms and the choices they made in 

their teaching methodology. Four main categories emerged (see Table 4.8): “learner 

(responsible for own learning), “utilizer (use what is provided and apply)”, “receiver 

(receive knowledge in class)”, “customer (ask for what is needed)”.  

Dr. Bobbie, for example, only saw her students’ role as being a utilizer of the 

information and knowledge provided during the lecture. Often, instructors provided 

statements that revealed that they think about their students in multiple ways, taking on 

various roles. An “x” in the table reveals which category came up during the interview for 
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each participant. The codes and relationships analyzed in this table include “student role”, 

“teacher role” and “teaching goals” (Table 3.5, Figure 3.8). 

 

Table 4.8 Student role categories 

Type of 

institution 

Participants Learner 

 

(responsible for 

own learning)  

Utilizer 

 

(use what is 

provided 

and apply) 

Receiver 

 

(receive 

knowledge in 

class) 

Customer 

 

(ask for what 

is needed) 

Doctoral 

granting 

institutions 

Dr. Derrick x    

Dr. Devora x   x 

Dr. Duna x    

Dr. Dixie x x   

Dr. Donald  x x x 

Dr. Danner x x   

Dr. Dana   x  

Dr. Dalton x x   

Dr. Dolly x x   

Dr. Donna  x   

Master 

granting 

institutions 

Dr. Magnus x x  x 

Dr. Manju  x  x 

Dr. Maggie  x   

Dr. Mickey x   x 

Bachelor 

granting 

institutions 

Dr. Brigid x   x 

Dr. Berry x x x  

Dr. Bobbie  x   

 

According to instructors, the role of students is primarily to be learners and utilizers, 

in which students are expected to take the role of the learner and be responsible for their 

own learning and studying, using that knowledge to study new concepts in biochemistry 

on their own. Dr. Dixie, who was my only participant teaching a graduate-student course, 

shared the following insights on her students taking up the role as the learner and utilizer: 

I expect you to know X Y and Z. If that's all you take of it, fine. […] it's up to you 

to actually do that bit of light work. […] And then I expect you to be able to use 

everything that we've talked about in class, and you can bring your prior experience 

in to answer it. […] And I feel like it's the student's job to internalize that, and then 

be able to put the pieces together. At least at the graduate level. […] But it is up to 

them to use that information to succeed. (Dr. Dixie, interview) 
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Her views were common among other instructors who taught undergraduate-level classes 

(e.g. Dr. Magnus and Dr. Dalton). Dr. Berry summarized her interpretation of student roles 

in class as follows: 

Hey, guys, it's almost the end of your junior year. Do you realize after next year, 

you're not going to have a faculty member to ask these questions to and that the 

reason we do this is so you can learn the material on your own," and to remind them 

that's the point of a college education to teach them how to learn on their own buy-

in. […] The students are the ones learning the material so they're there learning, 

trying to figure out for themselves how it connects what they've learned before. (Dr. 

Berry, interview) 

 

Dr. Derrick’s and Dr. Duna’s expectations of students were focused around them being the 

“learner” in the classroom and primarily being responsible for their own learning success. 

However, Dr. Donna’s and Dr. Bobbie’s main focus was students’ role being the “utilizer” 

in the classroom, as they each voiced during their own interviews: 

But the student's role is to be engaged. I try to provide the atmosphere and provide 

the resources for them to take and be engaged and to help facilitate those 

connections they've made. (Dr. Donna, interview) 

 

They need to be active learners, that they can’t learn without doing it themselves 

and that they need to be trying things even if they are the wrong things and making 

mistakes in order to learn. (Dr. Bobbie, interview) 

 

Dr. Dana found her students’ to be mainly “receivers” in her classroom by attending 

her class and taking in knowledge that is conveyed during class time: “But if you come to 

class, I'll do everything I can to help you learn.” 

Different student roles were described among participants in this study, for example, 

students taking the role of the “learner” and or “utilizer”. In the following chapter, I will 

discuss what that could mean to better understand the impact of instructors’ methodological 

choices in their classrooms, along with their ways of thinking about their own roles in a 

biochemistry classroom setting in my discussion chapter. 
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4.2.2 Summary of Main Results Addressing the First Research Question 

The teaching beliefs of most of the participants in this study centered around a 

utilitarian approach where their belief system was grounded in benefitting the greater good 

when teaching biochemistry. Within that belief system, most participants expressed the 

belief that their course had to be relevant to their students. The biochemistry educators 

often noted that they believed that classroom content should, ideally, relate to real world 

examples or students’ interests. The instructors repeatedly noted that science needed to 

involve students in the learning process. Many participants within my study also 

acknowledged the challenging nature of biochemistry as a scientific discipline, where they 

stated how it was a difficult subject for students to study and understand. 

 When investigating influences that could have shaped instructors’ beliefs, I found 

that instructors were frequently influenced by their experiences when they were students, 

as well as the result of taking on teacher roles within their own families. Within their own 

schooling experiences, many of them spoke about being influenced – both positively and 

negatively – by their experiences with teachers they had. In addition to these influences 

that they could not necessarily control, almost half of participants stressed the fact that the 

experiences they collected within their families also influenced them strongly. Most 

reported that influences included fulfilling a certain teacher role in their families, which 

helped them understand how learning occurred and provide hints about what they could do 

to help others overcome learning barriers. Many instructors also tended to gain their 

teaching beliefs through their own collected teaching experiences by making their own 

choices, drawing conclusions from their own teaching experiences and their perceived 

effectiveness of these experiences.  
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 Various of reasons were identified on instructors’ interest in teaching. These were 

identified as either student-centered or teacher-centered interest. A major theme within the 

student-centered category involved instructors sharing their fascination of biochemistry 

with their students. Many instructors also highlighted their interest in “making a 

difference” and have a lasting impact on their students. Factors that displayed a more 

teacher-centered interest were also common among the study population, such as the 

interest to self-educate during lecture preparation. More than half of the instructors voiced 

their love of teaching biochemistry as a main interest. Many other lesser themes were 

identified that will be presented in more detail in my results section and upcoming 

discussion section.  

 Among the variety of goals instructors raised for teaching biochemistry, one of the 

most common categories was centering their focus on learning processes. The development 

of skills and the application of knowledge were commonly mentioned within this goal. A 

majority of the participants also mentioned the goal to raise interest in biochemistry. When 

further investigating these instructor goals, it became apparent that the way instructors 

talked about goals differed, especially when they focused on the process of learning. 

Biochemistry educators concentrated more on a theoretical description of the application 

of knowledge during class, with the focus on applying knowledge outside of, rather than 

during, class. Other instructors emphasized the practice-oriented way of teaching their goal 

of applying knowledge in class, with the focus being on in-class activities to achieve that 

goal. There was a major division seen among the participants in the way they talked about 

their perception of how their goals were accomplished in class.   
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 All of the instructors, when being asked about how successful they felt in achieving 

their set goals, felt mostly successful. Specifically, instructors who described their goals 

on a theoretical level confidently communicated their perception of how successful they 

felt in teaching biochemistry. Instructors with a more practice-oriented focus were more 

hesitant in expressing feeling successful with reaching their goals because of additional 

improvements they had in mind that should be incorporated to make them more successful. 

Overall, however, instructors seemed to feel more or less confident in the ways they taught 

biochemistry.  

An analysis of instructors’ ways of measuring their success revealed interesting 

insights in their beliefs and perception in teaching biochemistry. Almost all instructors, 

regardless of a more theory- or practice-oriented way of thinking about their beliefs and 

perceptions, stated that student feedback, in and outside of class, was a helpful resource 

they took advantage of on a regular basis. This appeared to be important among instructors 

who took a more theoretical approach to their teaching; these instructors learned that they 

could rely also on their intuition about how successful they felt, based on their perception 

of, for example, the mood their class was in and how students seemed to respond to the 

material. Many other instructors also focused on student performance during tests, for 

example, to gather feedback about how successful they felt about reaching their in-class 

goals. This finding was common across biochemistry instructors and was often 

accompanied by student feedback as a source to measure success in the classroom.  

 Instructors were also asked to elaborate on the roles they thought they fulfilled in 

their biochemistry classes. Most instructors described their roles in the classrooms as being 

the communicator, facilitator or motivator. Instructors varied on the number of roles to 
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which they referred, but the above three were mentioned the most. Regardless of the 

instructors’ thinking approaches about teaching biochemistry, they tended to share 

common roles they thought they fulfilled in their classrooms. It became apparent, however, 

that the ways instructors talked about their roles was more active for more practice-oriented 

instructors and more passive for theory-oriented instructors. The majority of instructors I 

interviewed stated that their students’ roles should be learners of content and utilizers of 

resources and utilizing opportunities to learn in classroom settings.  

This overall summary of my results extracted main themes that emerged through 

my analysis. During the distillation of the common components of themes, two different 

ways emerged in which instructors described certain themes: a theoretical- or practical 

approach. This impression will be discussed more in my upcoming discussion chapter, 

where it will also be compared against their actual ways of teaching I observed in their own 

classrooms.  

4.3 Addressing the Second Research Question 

As a next step, I investigated the actions of biochemistry instructors who 

participated in this study when they were teaching in the classroom. I explored challenges 

instructors faced when teaching biochemistry and why they chose to teach the way they 

did. This endeavor was further investigated through the following research question: 

How do biochemistry instructors think they teach biochemistry? What guides the 

decisions they make on the methods they use to teach biochemistry? 
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4.3.1 Detailed Description of Results Addressing the Second Research Question 

This section will look at the categories and themes associated with the second 

research question. The following topics will be discussed in more detail: 

• Ways instructors teach biochemistry and opinion about their styles of 

teaching.  

• Placing the results in the context of the ICAP framework. 

• Challenges in teaching biochemistry – current and future. 

• The future of teaching biochemistry. 

• Professional development of biochemistry instructors – resources used and 

desired. 

Each section will start with an overview table, followed with a more detailed description. 

4.3.1.1 Ways Instructors Teach Biochemistry – More Than “Just” Talking at Them 

The following table, Table 4.9, offers an insight in how instructors teach 

biochemistry in a lecture environment. For the purpose of this stage of analysis, it was 

useful to combine results from all data sources to capture their style of teaching (interviews, 

observations and artifacts). Four main categories were distilled from the data collected and 

were as follows: “communication of content (main styles of communication in class)”, 

“emphasis on content with more student involvement (in class)”, “display of content 

(media used during presentation of content in class)”, “student-involvement (during class 

time)”. Multiple themes arose within each category.    

Before delving into how the results of a participant can be garnered from this table, 

I need to address how the table is organized. Every cell that has an “x” in a respective cell 

means, that a particular method was used by an instructor, whose name can be found on 
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the left side of the table, in the same row as the mark itself. In the top two rows of the table, 

categories and themes are displayed. Depending on in which row the “x” has been placed, 

it addresses a certain theme out of a specific category. Cells that have no “x” in it did not 

apply for that respective participant. In cases where I was able to specify more in-depth 

teaching methods my instructors used, I made use of abbreviations which replaced the “x”.   

Multiple abbreviations were used to specify teaching methodologies instructors 

utilized in their biochemistry classrooms and were used throughout the following table. To 

keep it simple, I will list all abbreviations as they mainly appear in the table from left to 

right. To get an idea on how often certain methods were used or choices were made, I used 

specifications such as frequent (F) or sporadic (S). Instructors chose to increase the 

relevance of content presented in class by using case studies (CS). Some instructors gave 

examples that connected to real world application (RW), or made the content more relevant, 

in the form of student-relevant applications (SR). Student got involved in class in various 

ways; either through groupwork (GW) in class or GW with questions and answers (Q/A) 

were executed, where instructors tried to get their students more involved. GW was 

sometimes used along with individual work periods (I). Questions posed by instructors 

could be of rhetorical (R) nature. Actions taken in the classroom of any nature, was either 

categorized as instructor-motivated (IM), where the instructor took initiative, or student-

motivated (SM) within the table below. If particular teaching methods used were rather 

short in their duration, not more than approximately 5-10 minutes long, I categorized them 

as “Mini”. Technical teaching tools that instructors appeared to use included clicker 

questions or questions of similar nature and implementation (CQ). Many different styles 

of activities and how they were executed were categorized with the following abbreviations: 
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in-front-of-class activity (IFOC), just-in-time teaching (JIT), hands-on models in class 

(HOM), molecular model kits (MMK), visualization programs in-class (VP), problem-

based learning (PBL), process guided inquiry learning (POGIL), simply problem-solving 

activities (PS), or think-pair-share (TPS), or worksheets (WS). Activities like these could 

be variable in kind and or time (V) and sometimes whole class time long (WCT). 

Here I describe Dr. Duna’s row in the category “communication of content”, in 

more detail to illustrate the organization of the table. As Dr. Duna chose lecturing most of 

the time, she chose to display her content (see category “display of content”) mainly 

through the use of PowerPoint. Dr. Duna involved her students (see category “student-

involvement”) primarily through posing sporadic questions to the entire class. Many 

questions were of rhetorical nature. To have more student engagement in her class, she 

chose to utilize fill-in-the blank lecture notes, that her students could fill out during class 

while listening to her and reading her slides.  

This table originated from the original code “teaching methods” (see Table 3.5, 

Figure 3.8). 
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The goal of this research project was to capture the most common teaching methods 

and the primary style of teaching Table 4.9, to see how “active” or “passive” a classroom 

was and to identify any current trend that was apparent when teaching biochemistry. The 

table should provide an idea regarding how diverse teaching of biochemistry was executed, 

to build a rich ground for discussing their methods of teaching and relating it to their beliefs 

and perceptions. 

The main categories that emerged from the analysis of my participants’ style of 

teaching were “communication of content”, “emphasis on content with more student 

involvement”, “display of content” and “student involvement”. As Åkerlind (2008) 

concluded from his study, teaching is executed in a teacher-centered or student-centered 

way. Prosser et al. (1994) stated in an earlier study, that instructors can hardly be placed 

into one or the other category solely, both extremes are connected by a range of teaching 

methodologies and styles. As identified within this study, a range of teaching approaches 

was displayed among biochemistry instructors Figure 4.1. 
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Figure 4.1 Range of teaching styles among biochemistry instructors 

 

This figure was inspired by Kember’s model of conception of teaching (Kember, 

1997) as well as by the ICAP model (Chi & Wylie, 2014). The instructors were grouped 

regarding commonalities in their teaching style and methodologies used in the classroom. 

The first instructor mentioned in each list connected to one of the dots on the curved line 

leaned more toward a student-centered teaching approach than the last instructor within 

that same list. Student-centered teaching methods became more dominant and distinct from 

teacher’-centered instructions from left to right within each of the blocks of instructor’s 

names. 

  

Student- 

centered 

Teacher-centered 
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Not There Yet – a Primarily Teacher-Centered Approach 

The participants who were more likely to emphasize lecturing to students in a typical class 

session were characterized as having the most teacher-centered teaching style (Dr. Magnus, 

Dr. Mickey, Dr. Dalton). When giving their lectures, all three of them would deliver the 

material to their students by writing in real-time on the white board or chalk board. Here is 

an exemplary quote from Dr. Dalton, which undermines his motivation behind that 

methodology: 

What I've done is, I'd say I've been most successful at using a technique which 

requires just developing the subject matter point by point on the board. […] 

developing the thoughts on the board step by step so that the students can track the 

thinking process a little better. […] Yeah, that's right. I've been convinced that, 

really, a chalkboard is a pretty good way to go. At least for biochem. […] (Dr. 

Dalton, interview) 

 

After I asked him further why he would use such a traditional approach he mentioned: 

Let's see. What I picture, what I envision happening is I'll write a molecule on the 

board, and so in the process I'm having to bond together carbon atoms, and I'm 

having to make a shape out of it, and put on functional groups. Following me, the 

students are doing the same thing, essentially on their paper. They're making the 

molecule, they're having to draw the shape in and put the functional groups on, and 

as they do that, I believe that they're gaining some information about the makeup 

of the molecule, what is it like? Well it has this particular shape, and it has this 

functional group at the first carbon and this functional group at the second carbon. 

So they're having to think it through whether they want to do it or not, they're having 

to think it through. (Dr. Dalton, interview) 

 

Dr. Magnus also emphasized his more lecture-based teaching style by stating he was using 

storytelling and analogies while he was teaching as a methodological tool. 

Researcher: Are examples guiding frameworks in your teaching or is it more  

telling a story or what is it? 

 

Dr. Magnus: It will depend on the topic. Some topics are more story-ended. Some 

topics my examples, well some might be more metaphor or analogy 

driven where I use a lot of biochemistry concepts. For example, I 

find that nearly all biochemical concepts can be explained using 

automobiles. (Dr. Magnus, interview) 
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Dr. Mickey stood out from this group because, in addition to his in-time hand-written white 

board notes, he accompanied the representations he drew on the board with multiple 

animated visuals in class.  

Learning can be visual, auditory, and kinesthetic, and so one thing I learned early 

on is I want to try and at least get a little bit of each of those in my classes. Pure 

lecturing can be visual if I'm using a board, writing things on a board, and it's 

definitely auditory, and it can be kinesthetic, because you're writing notes […]. The 

drawback with that we explain a visual process at a level that a [inaudible 00:44:08] 

can understand, and that's where I think technology has really improved my 

teaching of biochemistry, is now I can visualize molecular structures, and we can 

zoom in on specific areas of a molecule. […] In part, because I think it's cool. Again, 

I think it's fascinating that we have crystal structures, and we can look at a molecule 

like that. I just think that's, you know, I think that it's exciting, just to be able to 

look at a molecule and be able to describe, "This is how it works." (Dr. Mickey, 

interview) 

 

Dr. Magnus and Dr. Dalton involved their students by questions they incorporated jnto 

their lectures at various points during their lectures Dr. Dalton had more success involving 

his students and getting questions from his students. Dr. Magnus’ teaching was framed by 

posing questions to get the students’ attention and get them thinking, but not necessarily 

getting student answers back. 

They tend to be passive, so I consciously try to engage them, although, I will often 

ask a big question and get no response whatsoever. In which case, I could sit there 

for an hour waiting for someone to answer, which is not an effective use of time, 

so I just have to go on. I'm hoping that they're answering in their own head not 

giving an answer. […] Also, I think one thing that I probably do a lot of is making 

connections. […] I try to engage them, if nothing else, by asking questions, even if 

they're rhetorical questions, meaning I don't necessarily expect them to answer at 

least hopefully that they are thinking about these things. (Dr. Magnus, interview) 

 

In addition to engage his students through questions during lectures, Dr. Dalton would 

bring molecular model kits sporadically to provide his students with an additional 

opportunity to visualize molecules differently, than only through board notes and 

descriptions. 
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Dr. Dalton:  […] using molecular models in class is, again, a kind of a tried and  

true method, and it's worked pretty well for me as well, so we can 

look at it on the board, and we can look at it in a molecular model 

form, and physical dimensions. Helps some. 

 

Researcher: So that is what you're still doing in your class? 

 

Dr. Dalton: Yes. 

 

Researcher: […] Is that maybe one reason why those new technologies in terms  

of having your complete lecture as a PowerPoint, and everything is 

just projected, and you're not really writing in time, and working 

through with your students in time, and real time what they actually 

do the material. Is that why you use more the traditional and hands 

on ways of teaching how we have been doing it for decades and 

decades? 

 

Dr. Dalton: […] Yes, I think you're just absolutely right on the nose. […] Let's 

see if we can take an example. They're learning to differentiate one 

stereoisomer from another in class. The activity is drawing the 

structure, recognizing that the functional group sticks out one 

direction for one molecule, sticks out the other way for another 

molecule. Then we take a look at the molecular model, and we 

associate the shape of the molecule with what we've drawn on the 

paper, put that together. Then the third piece might be to, say, 

recognize that the protein bonds to one stereoisomer versus another, 

something along those lines. That might be an example. (Dr. Dalton, 

interview) 

 

Advancing Toward Student-Centered Teaching – One Step At A Time 

The next group of instructors (Dr. Danner, Dr. Derrick, Dr. Dolly, Dr. Dixie, Dr. 

Manju, Dr. Duna) also displayed a lecture-based teaching style; however, they were more 

likely to incorporate student-centered teaching techniques into their lecturing. This has 

been encouraged by the research literature, since it can enhance learning outcomes (Chi & 

Wylie, 2014; Freeman et al., 2014; Prince, 2004; Wieman & Gilbert, 2015, 2015). Dr. 

Derrick, for example, relied heavily on lecturing to convey biochemical content to his 

students, with an emphasis on storytelling and the use of analogies.  
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I'd like to think I'm really into storytelling, that each of these topics that we're 

talking about is like a story and it can be conceptualized as a model and for a student 

to really understand the concepts, they need to have the model in their head to refer 

to. […] I use analogies. I use a lot of analogies. So for example, when I'm teaching 

glycolysis. […] For students who aren't chemists, they might just think it's just a 

series of almost random reactions that result in metabolism of glucose. As I had to 

teach it, I had to look into glycolysis and then I had to understand that that's 

happened for a reason and even if for example, there's a movement of a phosphate 

between two positions and I talk about chess is that sometimes you don't exactly 

know why something happened until later and then it's apparent. Students have 

always told me they appreciate the analogies I use. Some of them aren't entirely 

appropriate. They're not appropriate analogies, but I think it helps them to some 

degree and what we're doing here. […] But anyway, we can reduce a lot of what 

we talked about to a different analogies, whether it's the pumping of protons into 

the intermembrane space as analogous to pumping water into a dam so that energy 

can be used later. So, I think that's really effective means and I didn't invent any of 

this. They're books that have been written on using analogies. (Dr. Derrick, 

interview) 

 

Even though his teaching was strongly theory driven, Dr. Derrick utilized group work in 

his teaching in order to incorporate more student engagement. He grouped students who 

were sitting next to each other in groups of 4-6 students and instructed them to think about 

a question he posed for about 2 minutes. While they were doing that, he would walk around 

and see what groups had accomplished and then encourage one or two to share their views 

and solutions.  

[…] because of the room we're in, I will be able to say, "Alright, here's a challenge 

or a question. Get together. Start talking about it. See what you come up with," and 

they'll do it. I think they really enjoy it also. (Dr. Derrick, interview) 

 

He would not so much ask questions during his lectures, but incorporate short group work 

activities, instead, to encourage his students to engage with the material. 

Dr. Dixie also used primarily lecturing to convey biochemistry to her students, and flavors 

it with stories she shared. Dr. Danner and Dr. Dolly and Dr. Manju also stated the 

usefulness of lecturing, teaching their students through talking them through their 
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reasoning, and explained reasons why they were such an integral part of their teaching 

methods. Dr. Dolly and Dr. Danner mentioned during their interviews: 

What I'm trying to tell them is that, this using this data, science, but using the data 

and then let them think critically, and let them use logic, and when you make a 

decisions later on, that you should bring different perspectives, use the data, and 

make a decisions. Rather than judging what is wrong and what is right, but you 

have to measure the all perspectives. (Dr. Dolly, interview) 

 

For this type of class, it's lecturing mostly. Interspersed with video clips, animations, 

and in-class activities to loosen it up and break it up a bit. But things like flip 

classrooms in a class of that size are off limits. I would find it hard to teach it other 

than making it mainly traditional lecturing course. (Dr. Danner, interview) 

 

This group of instructors represented the beginning of a shift in the ways participants in 

this study thought about their use of teaching methodologies that was not as apparent within 

the group of participants elaborated on before. The use of applications came up more and 

more often in the ways the participants integrated it into their teaching. Dr. Danner and Dr. 

Dolly each stated: 

I ask students to apply their knowledge gained in class to work on problems related 

to industrial or medical applications, which keeps them interested and engaged in 

the topics. These problems emphasize general principles in order to encourage 

students to develop their ability to qualitatively account for chemical phenomena 

rather than to memorize details. (Dr. Danner, teaching philosophy) 

 

We limit ourselves into certain topics, but at the same time, those are all application 

of what they learned so far. That's where students get excited, because so far they 

really didn't see any of the hard chemistry being used anywhere that they know. 

When we talk about carbohydrates, I showed a big picture of a noodle bowls, and 

why there is obese phenomenon going on, why the people in Asia, they live on 

carbohydrates and they're skinny, but here if you start eating carbs, people are 

getting fat. Right? […] So suddenly you can apply those chemistry to explain 

certain things. And we're just talking about the laws of oxidation today and I 

showed them, "Okay, here's a fried chicken. When I say, oh this is a fat, what I 

mean by fatty? What's in there?" So, we draw from molecular, and then start going 

from there. (Dr. Dolly, interview) 
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Posing questions during lecture was common in this group of participants, although the 

questions were mainly rhetorical in nature. Most of these questions stayed unanswered or 

were posed to get visual affirmation during lecturing. This was observed for professors 

Dixie, Dolly, and Manju, which was consistent with a still rather theoretical approach to 

teaching as emphasized in the section above. Exemplary reasons why they used questions 

during their lecturing were the following, as explained by Dixie and Manju below: 

I'll start proposing something but then I don't know necessarily if my thoughts are 

matching my words. And it's like, "Am I getting a head of myself, or have I just 

made too big of a leap and expect you to follow? Am I making sense still?" So, it's 

sort of a check to reign myself in as well. And when they look really lost, they can't 

hide it. I do try to look around the room. And if some of them are looking confused, 

I'll backtrack and go over it one more time. And then they usually look reassured. 

But yeah, there's just this resistance to admitting that, "I don't really understand 

that." (Dr. Dixie, interview) 

 

And then I lecture them, okay because I know that okay for 20 or 30 minutes I 

lecture them. Then I pose questions to them, okay you ask them the right questions. 

Or I'll ask them "If you have any questions ask me now." So, I don't mind if there's 

a disruption when I'm actually talking, and if somebody raises their hand, I'll stop 

my lecture and I'll answer the question. I will generate the discussion right there. 

Okay if some student asks me a question, why is this this way? Then I will ask the 

other students to put out there their opinion about how they can answer it. […] And 

then we'll discuss the process and how their answer was correct, or why their answer 

was wrong, and why it was wrong. And how mine is correct, and I'll give them the 

general answer. Because of these reasons, it is the correct answer. So, it solves the 

question as well as engages students in an opposed view too. (Dr. Manju, interview) 

 

While both instructors emphasized the use of questions to “check-in” with their students, 

both instructors got fewer answers on their posed questions than on questions they asked 

their students for which they provided enough time for students to answer. Dr. Danner 

made use of posing questions to his whole classroom less frequently than other participants 

in the study, but made sure to get student responses back and not only rely on visual 

feedback, if they agreed or not/looked confused or not: 
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So, as you saw the lecture that you sat in, the ... centered around the PowerPoint 

slides, but I also do a lot of talking, I write things on the board, I ask them to do 

stuff that wakes them up. I always ... Today I didn't, but in general, I like to have 

'em do activities. In the big class, you really can't do all that much because you don't 

have the time, and you have a tight schedule, and you have to cover everything. But 

just setting aside a few minutes each time, I think, is worthwhile, because it, again, 

wakes them up, and you get a bit of an idea of how well did that sink in. If you ask 

them to calculate a ph from a weak acid and only to people get it right, then you 

have to explain it again. […] There's those in-class problems that I give 'em, but ... 

And then if there's a numerical answer, or if it's the R form or the S form, raise your 

hand and tell me what you think. So, you get a rough idea. But then if you ask them 

what's the Ph, then two people answer, and you don't know what the rest thinks. 

And I ask them if anyone get anything else, and you want to discuss it, but then in 

a class as big as this one I'm not sure they would dare to say something, or would 

they just be quiet instead. (Dr. Danner, interview) 

 

This group of participants tried to engage their students in class. Some instructors were 

able to do this frequently, others sporadically. For example, Dr. Dixie was able to use 

hands-on models from time to time in class, if she came up with an idea that could fit the 

topic. 

I give them pull and peel licorice actually. […] And then it's like, "Okay, we're 

gonna play with DNA remodeling with this 'cause it's stretchy and really flexible." 

And then if it tears, they have multiple pieces. And that's worked really well. (Dr. 

Dixie, interview) 

 

She also reported using in-class discussions from time to time, on either a spontaneous 

basis or through announced group discussions of assigned papers. However, activities like 

this would happen less frequently, than in Derrick’s class, where frequent short groupwork 

activities were used in class, as elaborated earlier upon. What was interesting in her style 

of teaching was her ability to categorize her posing questions as an active involvement of 

her students in class and therefore, a student-centered component was always present in 

class.  

I do it a lot, even when I ... I do it with my graduate students in lab. I'll start 

proposing something but then I don't know necessarily if my thoughts are matching 

my words. And it's like, "Am I getting a head of myself, or have I just made too big 
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of a leap and expect you to follow? Am I making sense still?" So, it's sort of a check 

to reign myself in as well. And when they look really lost, they can't hide it. I do 

try to look around the room. And if some of them are looking confused, I'll 

backtrack and go over it one more time. And then they usually look reassured. But 

yeah, there's just this resistance to admitting that, "I don't really understand that." 

[..] To me, it's just having the students actually participate. Not necessarily like 

teach themselves or give the lectures, but not just sit there and record or sit there 

and look at the Power Point. Yeah, basically just not sitting there. And just like, 

"Okay, you're talking." But to force them to either react or better to engage. And 

so, part of the, "Are you guys following along, does this make sense," is just to get 

them to actively affirm that, "Yes, we are paying attention. Yes, it makes sense." 

(Dr. Dixie, interview) 

 

When she incorporated true activities and more student engagement, however, she did that 

in separate lessons that she only dedicated for paper discussions, for example. 

Within class. So, they have a week or two to read a paper. And I assign each group 

a figure or two that they have to present. But they get to discuss it as a group. So, 

if everyone is lost, they can usually kind of fight their way through it together. If 

one person understands it then they can explain it. And then they all participate. 

And I can tell when they're done talking about it because it gets a lot noisier, and 

there's a lot more laughter. It's like, "You're talking about your weekend, whatever. 

Stop, we're done." And then I just pick group leaders based on who is the oldest. 

Who is going to the coolest place for spring break as discussed by your group. And 

then they represent their group to explain the figure. And I go through enough 

papers, I have enough figures that everybody gets to take turns being the group 

leader. And that's actually worked really well because they're more quick to ask 

each other questions. (Dr. Dixie, interview) 

 

Dr. Manju tried to make it a habit to add mini discussions at the end of lectures to engage 

students with the material and to further discuss problems and applications posed during 

lecture: 

Researcher: So, for your class discussion, when you say you do class discussions. 

By class discussion do you mean you ask them a question about a 

problem that is related to the content you're just teaching, and then 

to answer, that's the class discussion style you mean, right? 

 

Dr. Manju: Right, yeah. It's not like an actual giving them a topic and asking 

them to give a five-minute talk or something like that. But I want 

them to generate a discussion between them. Because of the time 

constraints, you cannot have everything, plus you have to finish the 
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course, all the things, within the given 16 weeks’ time. (Dr. Manju, 

interview) 

 

Dr. Dolly also added student-centered activities in class somewhat sporadically. An 

example that reflects her style of activities is provided below. With the first example, she 

talked about how she introduced metabolic pathways to her students. With the second 

example, she referred to a group of students who came to the front to act out an enzyme-

substrate chain reaction: 

And better than memorizing those enzymes in those steps or what goes in, what 

comes out, I keep telling them, "Okay, this is a process of carbon oxidation." I kept 

saying that and they don't see it unless I point out, so I will point the steps. "Look 

at this carbon, and follow that one if they are being oxidized. And then I lie because, 

yeah, this carbon didn't change until this point, and then it suddenly changes. What 

does that mean? That means it's going to produce energy. Instead of showing the 

step by step, reaction by reaction, and this is the citric acid cycle, I try to go back 

and forth, what was before, what was after, what we are looking after, what was the 

goal of this reaction? So that's where I to do, try to keep telling what the big picture 

was there. And have the students organize that information on their own. (Dr. Dolly, 

interview) 

 

And if ... And there are some difficult topics and I repeat a lot. But when I repeat, I 

don't want to repeat the same thing over and over again, so that's how I decided to 

use in certain topics that [enzyme] examples. Those are have to learn information, 

so I'm going to have to repeat that, but if I kept saying the same thing over and over 

again, it's not going to really take it. (Dr. Dolly, interview) 

 

Observation of Dr. Dolly’s class indicated an approach to her classroom that involved her 

posing rhetorical questions to her students, and thinking of ways to involve her students 

actively by posing questions to them throughout her lectures. In a manner that was similar 

to professor Duna. 

Danner was a good example of an instructor who tried to incorporate more student 

engagement, even in a larger biochemistry classroom. One way of engaging students more 

actively involved incorporating various media into his class to emphasize concepts in 
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multiple ways. Same concepts were reiterated on the board, in a video, on work sheets or 

through posters in class.  

Dr. Danner: I regularly show PowerPoint slides, animations, and video clips, 

which students generally find informative. […] I regularly show 

PowerPoint slides, animations, and video clips, which students 

generally find informative. 

 

Researcher: […] Why did you use three different basically methodological tools 

to convey the message? What was you intention and what do you 

think your students get out of it? 

 

Dr. Danner: More is better. If you see them more than one way, and you're 

struggling with it initially, maybe the second or third time around is 

gonna click. You don't have the luxury to do that all the time, so that 

was maybe ... I don't do that with each and every topic that I have 

presenting it three ways. Maybe two. What often happens is that I 

describe things using either the slide or the board or both, then to 

summarize it up, I show a clip, an animation, or a video. Something 

like that. And on occasion, there's a handout or an in-class activity.  

 

Researcher: Your intentions and why you switch between techniques. Is that the 

making them exposed to all the things with the different resources? 

 

Dr. Danner: Yes. Different angles. But also, to mix it up. I don't want to be 

talking for 50 minutes without interruption. I think that's ... A) It's 

hard for you to stay on focus, and B) it's hard for them to stay 

focused. (Dr. Danner, interview) 

 

He would also, from time to time, have work sheets prepared, for student to work in class 

together. Those activities were around 5 minutes long and solutions were discussed right 

after the activity was done, by going through the activity step by step with the entire class 

listening to or answering questions. 

So, as you saw the lecture that you sat in, the ... Centered around the PowerPoint 

slides, but I also do a lot of talking, I write things on the board, I ask them to do 

stuff that wakes them up. I always ... Today I didn't, but in general, I like to have 

'em do activities. In the big class, you really can't do all that much because you don't 

have the time, and you have a tight schedule, and you have to cover everything. But 

just setting aside a few minutes each time, I think, is worthwhile, because it, again, 

wakes them up, and you get a bit of an idea of how well did that sink in. If you ask 
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them to calculate a ph from a weak acid and only to people get it right, then you 

have to explain it again. (Dr. Danner, interview) 

 

Dr. Duna, who had a rather traditional style of teaching, introduced fill-in-the blank notes 

to her classroom, to encourage her students to pay more attention in lecture: 

Interactive I just think is being ... Maybe the fill-in-the-blanks is because they're 

actually having to not just sit there. […] I think I just wanted them to be interactive. 

I knew I had so much material to get through that they couldn't write everything 

down, but I didn't want them wandering off. That's how I came up with this skeletal 

kind of note system where they have to interact, but it's not overwhelming like 

writing everything down, so they can still listen at the same time. […] Then in the 

Biochem course I would post the full notes, so if they didn't want to fill in the blank 

at all they didn't have to. It was just a way of keeping them engaged. That's seem 

to work. If you have too many blanks, then it goes too slowly. If you don't have 

enough blanks, they start yakking. There's a fine line. You got to find that. (Dr. 

Duna, interview) 

 

On a technological side note, all participants referred to who were transitioning, or trying 

to transition into a more student-centered teaching environment, seemed to use primarily 

PowerPoint as a tool to communicate concepts.  

 

A Great Start – but Still Room for More Student Engagement 

Dr. Donna had an interesting teaching style that was both observed to be and 

described by her as being in a state of transition. Pursuing an educational research career, 

she was aware of different pedagogical techniques and the education research literature 

(Table 4.19) but faced challenges in implementing more evidence-based practices in her 

own biochemistry classrooms (Table 4.15, Table 4.16). Thus, she relied heavily on 

lecturing.  

I try to do lots of storytelling in my class, in terms of if they can figure out the story 

of what's going on, it helps them to learn the material. If they can tell the story of 

glucose or tell the story of if I'm a type one diabetic, what happens in my body? 

(Dr. Donna, interview) 
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She expressed the importance of exposing her students to certain visuals to help them grasp 

biochemical concepts better. 

So, if there's something like a dynamic process, for sure there's animation to go 

along with it. I try to use as many representations as possible. (Dr. Donna, 

interview) 

 

As much as she felt comfortable, she cultivated an environment of engagement in her 

classroom by frequently posing questions to her students and getting answers to see what 

they understood and to encourage them thinking:  

What I try to do is a lot of student led questioning, I try to ask questions to help lead 

the student to the conclusion I want them to make as opposed to me just telling 

them the answer. The other point that I try to enact that is ... I guess it's just lots of 

questioning. (Dr. Donna, interview) 

 

Her students would also ask questions and foster from their side of the classroom the same 

culture of involvement. From time to time, questions would expand into mini in-class 

discussions that temporarily, cultivated a more student-centered environment. Through 

sporadic POGIL-inspired group work activities (Bailey et al., 2012), and engagement 

opportunities through clicker questions, she tried to add more layers of student-centered 

teaching methodologies to benefit her lecture in multiple ways. 

I also use the clicker questions in class to allow them to get instant feedback from 

me in terms of what they understand and what they don't understand. And to allow 

them time to process that information as well. [...] I did what I could in terms of 

embed clicker questions using [software] because that kind of low hanging fruit for 

me to be able to teach according to my philosophy of getting instant feedback from 

students and giving them time to pause and stuff like that. (Dr. Donna, interview) 
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Her intentions with POGIL were the following: 

In order to develop students’ collaborative and critical thinking skills, I will 

incorporate a Process-Oriented Guided Inquiry (POGIL) approach both in lecture 

and laboratory. During class, POGIL-style activities enable students to explore data 

or information and then invent the concept of interest through a series of questions 

within a group environment. (Dr. Donna, teaching philosophy) 

 

Assessments, which have been studied in the research literature were not elaborated on in 

the context of this dissertation when an emphasis was made on a certain kind of in-class 

assessment that helped to understand teaching methodologies better, however, I noted these 

as exemplary cases. It would be useful here to point out that Dr. Donna integrated group 

quizzes into her classroom to encourage students to think as a team and choose the correct 

answers in agreement with each other, comparable to Dr. Brigid approaches. Dr. Donna’s 

POGIL exercises were in many cases embedded in her quizzes. 

So the group quiz, when I actually have time to get it put together before class, I 

input questions into [software] has a group quiz function to it to where they get 

questions as an individual and so I give them a certain amount of time to answer 

the questions in the individual round. And it counts for twenty-five percent of their 

quiz grade and then the remainder of the time I switch it to group quiz and so that's 

where they can see everybody's individual response. And then they come together 

and have one single group answer. So, I see those results in real time on my phone. 

(Dr. Donna, interview) 

 

Almost There – Closer to Student-Centered Teaching 

Student-centered teaching methodologies were more common in the next group of 

participants, which included Dr. Devora, Dr. Brigid, Dr. Dana, Dr. Maggie. Besides student 

involvement through encouraging student-motivated questions, more group work activities 

and active student-engagement were present in these classrooms. Dr. Dana for example 

had an active classroom where she would almost constantly pose questions to her students 

and let them finish her sentences, add to what she said or answer a question she posed. In 
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addition, she would utilize visual programs, in about 5-minute increments, to guide her 

students through a task and let them finish it on their own. Student engagement varied from 

individual work to group work, but they would work on tasks frequently throughout the 

entire lecture, as she noted: 

I would do just straightforward lectures, reading from the slide, or then I would try 

to incorporate some activities of some sort. Anything where the students weren't 

listening to me talk, but they were instead talking in groups, or asking questions, or 

doing something on their own. I found that they were happier, and they worked 

better, and they were learning better, and they seemed to understand things more. 

So, it's a little anecdotal, but my feeling was that it was a better way for me to teach. 

For me, that works much better. (Dr. Dana, interview) 

 

Her lecturing also relied heavily on a “conversation” with her students, posing questions 

to them and answering questions from them.  

We do a lot of activities, things where they have to use their hands. Silly things like 

building amino acids with pieces of paper and stickers, or enzyme kinetics, where 

you transfer candy from one plate to another. Sometimes a bit silly, or a bit simple, 

but it helps them understand the concept, and the advanced students think it's a bit 

funny, but the students who wouldn't otherwise understand it tend to grasp the 

concepts. (Dr. Dana, interview) 

 

She further said about the use of questions in class: 

Yeah, I do that just all the time. Basically, it keeps them thinking. And again, 

sometimes I think I perhaps do that a little too much, and so I think it can probably 

get a bit tedious for some of the students. But it keeps them mostly engaged, so I 

often try and ask questions that I think they're going to get wrong, so that when they 

get it wrong, they realize ... You know, there's that little shock where that's a 

learning moment. If I can I do that. I've seen other people do that very well in 

teaching. (Dr. Dana, interview) 

 

She added a structure of small group work increments to her lectures, in which students 

worked in small groups on problems for 2-3 minutes and then got together with her to 

discuss the solution as a whole. Worksheets and fill-in-the blank notes gave her the 

necessary “active” structure to run her classroom like that.  
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Maggie took student engagement in her classroom even a level further, in as much as 

students seemed to be involved in every moment of the lecture, may it be during lecturing 

or activities. Dr. Maggie voiced that she was relying on POGIL as well as PBL learning 

activities (Savery & Duffy, 1995) to guide instruction. She also tried to bring in the newest 

technology to give students the opportunity to visualize biomolecules in a different way. 

This was enriched by her technology and engineering heavy background. 

I think videos are extremely important. There's a lot of dynamics that gets lost when 

you teach biochemistry with the standard static techniques. I like to use 3-

dimensional representations. Either just the regular twirling molecules where you're 

telling by shading, for people who can see that, or the 3D representations that I use. 

(Dr. Maggie, interview) 

 

The third instructor in this category was Dr. Brigid. She was also interested in education 

research and her teaching style was informed by recent literature. She let her activities be 

inspired by applications and real-world examples. 

[…] I talk about diseases. […] I think getting the students interested in real-life 

things really does help, because we don't have a lot of pre-medical students, but we 

do have some, and so that gets them very interested. Application is great, and if I 

can incorporate it, we talk about certain diseases. Like a couple weeks ago, we were 

talking about phenylketonuria, and why does some of the population have this? 

How do they test for it? They're really interested in all that sort of things. I think I 

would like to work more on application stuff, but again, that takes a lot of time, and 

you have to sacrifice content then. (Dr. Brigid, interview) 

 

Her in-class activities usually involved group activities that lasted for about 5-10 minutes. 

Even though assessment will not be discussed further this dissertation, I want to point out 

that one of Brigid’s her group work activities was to have them do group quizzes, similar 

to Donna: 

Then they take the quiz. They go over the quiz again in their groups, because they 

talk with the other students, and I think the other thing is that having multiple 

perspectives can often help you understand something, which is why I have the 

other students, I think, are a resource for learning material because while I might 

be able to explain it in the way that I understand it, sometimes another student may 
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have a better way to get to the right answer. Sometimes the students might have a 

way to get the wrong answer, too, but then they learn. After the quiz, we go over it, 

and then often, they'll have another exercise like a POGIL exercise or something 

where they'll go over it again. That repetition, I think, helps them especially learn 

content. That is a way to learn content, because in the end, you have to know things. 

(Dr. Brigid, interview) 

 

In addition to these quizzes, she also had the students do worksheets together, throughout 

the entire lecture period. Worksheets were based on and inspired by POGIL and PBL 

learning questions. 

I try to do some active learning every day. I don't lecture all the time. I do some 

lecture. Lecture is the fastest way to deliver content. I don't think it's the best way 

to deliver content. Almost everything I lecture on, we have to have an active 

learning activity, because I want that repetition to get into the students, so they 

know what's going on. That's another resource for them to study for the test. They 

have these sheets, these either POGIL exercises or something else […]. (Dr. Brigid, 

interview) 

 

The last instructor in this category is Dr. Devora. She had a semi-flipped classroom 

setup, where she used one of her three hours of teaching each week for purely student 

activities, with no lecturing. She called this her “flipped Fridays”. She encouraged her 

students to work in groups together in every lecture, but on these special Fridays, she made 

it her mission to implement that style of teaching. Her students sat together in groups of 

six people. This structure allowed her to incorporate her beliefs regarding having her 

teaching be application-oriented, emphasizing less memorization and more 

thinking/application in class.  

Researcher: What makes you divide that week in the way you do, and what 

makes you be comfortable with the justification that, "I can let that 

stuff, them learn on their own, and do more practice problems on 

Friday"? What is the rationale?  

 

Dr. Devora: The rationale is that practice is good, and teaching them how to 

practice is good, because some of them don't know. I think if it was 

more, they would become more resistant to it, and so I've created 

this arbitrary threshold where I think they can handle one class out 
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of the week, and I can handle one class out of the week. It takes 

much more time to prep for Fridays as well, and so, in a week where 

I've got 20 student contact hours […]. (Dr. Devora, interview) 

 

As an instructor with a heavy interest in education research, she was familiar with student-

centered teaching methodologies and also tried to make a habit of incorporating a variety 

of these techniques, such as think-pair-share for example.  

The different types of activities that I do, I feel like some areas fit better to different 

types of activities. We do a lot of think-pair-share questions. I call them think-pair-

share, because I know if I just ask the class a question, it's only going to be Joshua 

or Emily, or whom in the front seat are going to answer, and that's it. I call them 

think-pair-shares, because then I give them a minute to discuss, and then I'm going 

to call on you guys over here. You know I'm going to call on you. I'll do, maybe, 

problem sheets, if it's a lot of central dogma stuff. I did some group problem sheets, 

which I don't do loads of, but I know that there's a lot of terminology there, and the 

more practice they have with doing that, the better. It really kind of just depends. 

(Dr. Devora, interview) 

 

During her Fridays, her group work activities could be long and extended. However even 

during her “regular” lectures, she incorporated group work activities, where students 

needed to answer a question she posed through PowerPoint slides. She and her TAs walked 

around and provided support where needed.  

All of the instructors highlighted in this group were trying to use less lecturing and 

more student-centered activities to convey knowledge. For Dr. Dana, lecture was built 

around her in-class activities. Her classroom was fast paced, and lecture was used to convey 

enough knowledge to set up the next activity again. However, she also emphasized the use 

of analogies to connect the students better to the topics taught, which was previously seen 

with instructors using a less activity-oriented lecture style.  

One of the things as I get them to try and make an analogy, we do use that a lot in 

class, so explain a biochemical topic in terms of an analogy that they could explain 

to their friend, like using cars on a road. That seems to help make sure that they 

help understand the concept. Sometimes then they can't go back and remember all 

the terms, but do they understand the concept? (Dr. Dana, interview) 



183 

 

Dr. Maggie utilized lecturing in her classrooms, supporting the concepts she conveyed 

through stories and analogies. She put a large emphasis on the fact the she tried to work 

hard on reducing her talking more and more, which was a trend within the group of 

instructors discussed in this section: 

That particular lecture felt like a laundry list of things we have to go to before we 

can get into stories, which, you know, it's not optimal. I do try and do group work, 

not in that particular lecture, but I do try and do group work. I've written a bunch 

of POGIL-esque. They're not strictly POGIL, but that type of style of learning so 

that the students can construct their own knowledge. […] And there certainly are 

days where you just have to get through a bunch of material, and it's taking notes, 

and we do that. I try and break it up more with bigger periods than a minute, two 

minutes, like where they actually ... There are classes where they are working with 

each other the whole time. Like I am not lecturing at all other than summarizing at 

the end. […] Well, some of it's pacing. You know I just know, oh, here's a chunk 

of lectures so I'm going to need something to break that up and what can I do with 

it? Some of it is conceptual. Oh, this is an extremely important concept. I would 

like them to really learn this well, so let's do an active learning exercise associated 

with that. Pacing from a sense of not letting them fall asleep too much, and then the 

other is what are the really important concepts I want to get across and so I would 

like to reinforce those with an active learning sort of thing. (Dr. Maggie, interview) 

 

Dr. Brigid tried to stay away from lecturing as much as possible and relied on activities to 

involve her students and engage them with the material. She tried to only have mini-

lectures where needed for students to get information, as pointed out above.  In Dr. 

Devora’s classroom, two thirds of her classroom time relied on lecture - conveying 

concepts her students needed to understand al and apply later, during her “flipped Fridays”. 

I call the Fridays flipped Fridays, meaning that there is content that you're supposed 

to be covering on your own, but sort of recognizing that a lot of them won't do it. I 

try to go through most of it on the Monday and Wednesday […]. (Dr. Devora, 

interview) 
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Student-Centered Teaching in Biochemistry – in all Shapes and Forms 

The three participants that included Dr. Berry, Dr. Donald, Dr. Bobbie in this last 

category, shared a level of student engagement that was high and they each tried to use 

methodologies that were more student-oriented. Inspired by her beliefs that students need 

to memorize less memorize and think more during lectures, Dr. Berry implemented POGIL 

in her classroom and minimized lecturing. Her students worked together in groups of about 

four on worksheets during class time, with her and her colleague in the classroom to 

moderate the discussion.  

I appreciate that it happens in small groups and with students struggling through 

materials, I think them talking is more effective than me talking. I try and listen to 

what they're saying and if I hear things that are wrong, trying to guide them towards 

the correct idea. Often, I end up saying it just because they've hit the frustration 

point where they're not learning on their own. They just need to hear what is it? 

Now that I'm done being frustrated I can move on. It's more listening to what they're 

saying and less of me talking. (Dr. Berry, interview) 

 

This team-teaching approach helped her cover all of her groups and check-in with groups 

frequently during a class period. Students were encouraged to share their answers on the 

board with the entire class. At the end of a lecture, the class would get together, and the 

instructor went over major learning points for that day or provided clarifications where 

needed: 

You do end up doing lectures someday. Just need to say, let's orient the system. 

Even saying things like FAD is used to do carbon, carbon because I'll go off and 

talk about it FAD is used to do single electron oxidation reactions, NAD is used 

two, it's a hydride. They're like, oh now I get it. It doesn't say it so you have to say 

it. There are times you have to lecture, but yeah. In general, I like it a lot better. (Dr. 

Berry, interview) 

 

Dr. Donald implemented a full flipped classroom in biochemistry. His lecture was 

dominated by clicker questions presented through PowerPoint. In increments of two 

minutes on average, his students would answer a question in groups of about six. He would 
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then bring his class together again and talk about the solution, pointing out what he had 

seen when he walked around the room while they were working, keeping students engaged.  

Dealing with a huge number of students, this is a great way, because they're 

involved during the class. They're all participating. One class, if I start right with a 

calculation, I'll have a title slide, and right at the bottom of the slide, "Get your 

calculators out now." And boom, we go into a calculation. I want them to know that 

they know it. You kind of have to [inaudible 01:00:36], when I make up the clicker 

questions, you can start off with some that are fairly obvious, and get in more and 

more deeper. That's what I wanna, I wanna get people getting the right score right 

away, and then getting in where it's a little harder, where they have to think. If 

they're thinking biochemistry, my god, that's wonderful. […] I'm not at the podium 

all the time. I'm walking around, talking with students. And if a table has their hands 

up and the LA's can't get to them, I go there, and we figure things out. Doing that 

with students, it makes me feel good. And it's helpful. They see that the old 

professor is really talking to them and helping them through. (Dr. Donald, interview) 

 

He basically never really lectured, other than pointing out important concepts during the 

discussion of the solutions. He incorporated case studies in his questions, to have his 

students apply concepts to other scenarios.  

That's what I want my kids to be able to do, is when they see something that they 

have never seen before, instead of pulling a blank, start looking for the things about 

it that they know so they can get in to solving it. Because a lot of times, when 

students are unprepared and I population up a new question, there's that blank look 

on their face, "I don't know what this is about." You wanna get them to the point 

where they don't have that. They've done the material so that when it comes up, 

they can start going to the places in the text and stuff, how they could get to the 

area to solve the problem. Then the case studies, I usually have, oh, in three lectures, 

I'll have two case studies, 'cause you have to present the case. A lot of them are 

medical. (Dr. Donald, interview) 

 

He also mentioned that his questions were guided through problem solving approaches. 

That was the start of the transformation of being able to get, to be able to do 

biochemistry in the classroom rather than lecture at students. To have the students 

actually actively participate in problem solving, analyzing case studies, data, and 

using clickers to answer the questions. (Dr. Donald, interview) 

 

Dr. Bobbie had her classroom organized similarly; however, it was not a true flipped 

classroom setup. She had her students work in groups of two on assigned problems from a 
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worksheet handed out in class. She assigned group work rather freely and encouraged them 

to work together but did not force them to do so. She walked around constantly in class, 

checking their work. If she saw that many students were struggling with the same concept, 

she brought them together again and discussed the issues in form of a just-in-time teaching 

intervention, giving a brief lecture and some reminders as needed.  

I would say mini lectures but driven as much as possible by student questions. What 

I spend a lot of time doing is trying to prepare a set of exercises or questions or 

activities for the class to gauge the class so that then I know what do they now 

understand that we don’t have to cover much and what are they struggling with. 

Like where is their hang up. Sometimes that’s on an individual basis, but sometimes 

like you saw the group has misconception that I have to get in there and say, “Wait 

time out, you are all forgetting this key thing. You have to look at the units, if you 

forget the unit you are going to get the wrong answer,” so stuff like that. (Dr. Bobbie, 

interview) 

 

An interesting observation that went along with instructors using more student-

centered teaching methodologies was, that the more they did group work or other student-

oriented activities, the less the instructors relied on PowerPoint presentations.  

For me I could do that, I could take the PowerPoints from the textbook and give a 

PowerPoint lecture but what good does that, I don’t see how that helps the students 

understand it better. I mean maybe a little bit but not in a significant way and not 

in a way that you can apply to other questions. (Dr. Bobbie, interview) 

 

 Instructional strategies focusing on student-centered teaching that were mentioned 

by my instructors discussed in this section were common practices reported in the research 

literature as being effective active learning strategies (Van Dyke, Gatazka, & Hanania, 

2017).   

4.3.1.1.1 Instructors’ Opinion About Their Styles of Teaching – a Realistic View 

The following table summarizes how instructors defined their ways of teaching. 

Before the interview started, participants were asked to provide a brief summary, consisting 

of one or two sentences, about their teaching styles. Quotes listed below in Table 4.10 were 
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drawn from recruitment emails, where all instructors had to answer how they would 

describe their pre-dominant style of teaching in the class observed. This action was inspired 

by two research studies that guided my way of thinking about probing beliefs and 

perceptions (Brickhouse & Bodner, 1992; Richardson, 1996). Richardson (1996) pointed 

out that perceptions and beliefs are connected and interrelated with one another and that 

when they’re investigating these topics, it was important to get a good understanding of 

actions taken in the classroom. Brickhouse and Bodner (1992) concluded how beliefs and 

actions can sometimes be disconnected and instructors can struggle to put their beliefs into 

action in their own classrooms, suggesting the need to further investigate the instructors’ 

individual interpretation of their teaching styles. 

Below Table 4.10, I critically viewed each of their provided quotes. I compared 

those with what I have observed in their classes, topics we have talked about during the 

interview and additional artifacts they provided.  
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Table 4.10 Instructor quotes on their style of teaching in the classes observed 

T
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Written statements 

Doctoral 

granting 

institutions 

Dr. Derrick The course is taught in a fairly traditional manner, but I try to insert a 

break midway through the period to allow the students to work together 

for 5-10 minutes on a problem or question. 

Dr. Devora A mix of everything. Traditional lecture, semi-flipped, problem-based 

learning, teamwork, project work. 

Dr. Duna Traditional and interactive lecturing style… lecture but ask occasional 

questions in class, answer questions as we go along. 

Dr. Dixie I would describe my teaching style as a more interactive lecturing style - 

I try to promote questions and discussion during every class. That being 

said, I’m not always successful in getting people engaged, and then it 

feels more like a traditional lecture. 

Dr. Donald My class is total flip...NO face to face lectures. All the "lectures" exist as 

narrated PowerPoints that are spiced with Thought Questions. Face to 

face time is all problem solving and case studies.  

Doing Biochem with students rather than lecturing at them. 

Dr. Danner Lecturing with a few in-class activities 

Dr. Dana Interactive lecturing style with group and individual activities. Often use 

computers in class for activities. 

Dr. Dalton I teach in a traditional lecture style. 

Dr. Dolly It is mainly in lecture format– but I would be hesitant to call it as 

“traditional lecturing” as many interactive things are happening. I do not 

like to call my class in one style or another. 

Dr. Donna Probably interactive lecture. 

[…] This semester I'm going to try to do more case studies group work 

with them. We will see how it goes. 

Master 

granting 

institutions 

Dr. Magnus Traditional lecture. 

Dr. Manju Traditional lecturing with class discussion along with problem-based 

learning 

Dr. Maggie I have a mix of lecture, group work, and problem-based learning. During 

lecture, I try to break frequently for the students to try out problems. 

Dr. Mickey For lecture, I use traditional lecturing. […] 

Bachelor 

granting 

institutions 

Dr. Brigid My style of teaching is a mixture of different styles. Sometimes I lecture. 

Sometimes I use POGIL. One of my favorite things is to do multiple 

choice quizzes (Reading Assessment test--RATs) and then have them use 

IF_ATs to do a group quiz. I don't think that lecture only is a particularly 

effective way for them to learn the material, but sometime I do use it to 

present the material. I don't really used what I understand to be the 

"flipped classroom", other than that I insist they do the reading. (By the 

time they are juniors and seniors--they should be doing the reading). 

Dr. Berry This year we are teaching it using a POGIL approach. We do mini-

lectures but the majority of time is spent with the students working in 

small groups. 

Dr. Bobbie Problem-solving during class with explanations/discussion. 
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Below is my interpretation of each participant’s definition of teaching style. The 

written statement provided by most instructors was consistent with the views discussed in 

the interview and what was seen in the classroom observations. Participants are listed 

below in the same order as shown in Figure 4.1. 

 

Not There Yet – a Primarily Teacher-Centered Approach 

• Dr. Mickey: He summarized his teaching as a traditional lecture style. He 

had a strong emphasis on lecturing when was observed, as well as during 

the interview. He pointed out that that was the style he identified the most 

with.  

• Dr. Dalton: He briefly summarized his teaching as using a traditional style. 

He had a strong emphasis on lecturing when being observed, as well as 

during the interview. 

• Dr. Magnus: He briefly summarized his teaching as traditional through 

lecturing. His definition mirrored what I observed when gathering my data.  

 

Advancing Toward Student-Centered Teaching – One Step At A Time 

• Dr. Danner: He also described his teaching style along the lines of what I 

have observed, and my data revealed: “Lecturing with a few in-class 

activities”. 

• Dr. Derrick: His perception about his ways of teaching were consistent with 

what I observed in his classroom and what he reported during the interview. 

The only discrepancy I saw was that he estimated that he used a bit more 
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time for in-class activities than I observed. His group work activities were 

usually about 2-3 minutes long, at most. 

• Dr. Dolly: Dr. Dolly viewed her style of teaching in a fluid way. She made 

a point of saying that she chooses not to call her approach to teaching as one 

style or the other. In her mind, many activities involve her students, 

including the way she presented her lecture material and talked to her 

students during lecture. She did say that she views her teaching through the 

lens of lecturing mostly. The only discrepancy I saw between her 

description and what I observed and gathered from the data was that she 

possibly overestimated the level of student engagement she was able to 

establish in her classroom.  

• Dr. Dixie: She viewed her classroom as a more interactive and engaging 

environment, since she posed questions that encouraged her students to hold 

discussions in class. She admitted though, that her lectures usually followed 

a rather traditional lecture style, due to challenges she faced when teaching 

biochemistry. 

• Dr. Manju: Dr. Manju emphasized the use of lecturing mostly during his 

class time. However, he pointed out that discussion and PBL were 

integrated as well. Dr. Manju always tried to incorporate discussions and 

applications, which he referred to as PBL. The items described emerged 

during his lecture and also during the interview, where he mainly talked 

through applications and problems. 
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• Dr. Duna: She viewed her teaching style consistently with how I interpreted 

it. She emphasized her teaching in a traditional way, however pointed out 

that there were also interactive components in her teaching. This was true 

for the fill-in-the-blank notes she provided as well as her tendency to 

occasionally ask questions of the students, as well as get questions back. 

The interactive component was limited, though, with her class using mostly 

instructor-student interactions and less student-student interactions.  

 

A Great Start – but Still Room for More Student Engagement 

• Dr. Donna: Her style of teaching can be described as “probably interactive”. 

With her frequent instructor-posed questions in class and her efforts to have 

a conversation going with her class, as well as the activities she integrated, 

her views on her style of lecture were aligned with what I have observed in 

her classroom and what she has stated during the interview.  

 

Almost There – Closer to Student-Centered Teaching 

• Dr. Devora: She summarized her teaching style consistently with to what I 

observed and talked about in the interview. Her “mix of everything” fits 

well with her actions in the classroom and the versatile activities she offered 

to her students. 

• Dr. Brigid: Dr. Brigid emphasized that she used an array of teaching tools 

in her biochemistry classroom, which were observed in her teaching. During 
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the interview, she focused more on these methods of teaching and 

elaborated more on their utility. 

• Dr. Dana: She described her classroom as “interactive” and encouraged her 

students to work in groups and individually, often with computers. This 

accurately reflected the teaching methods observed when visiting her 

classroom. Her statements made in the interview aligned with the observed 

teaching style and her described way of teaching. 

• Dr. Maggie: The mixture of teaching methods Dr. Maggie referred to were 

consistent with what was observed in her classroom and described in her 

interview. 

 

Student-Centered Teaching in Biochemistry – in all Shapes and Forms 

• Dr. Berry: Her exploratory style of teaching and her adventurous nature of 

trying out new methodologies in her classroom led her to implement a 

POGIL classroom this year to teach biochemistry. The emphasis on group 

work and the implementation of mini-lectures were observed in the 

classroom observation and interview. 

• Dr. Donald: Since he had a totally flipped classroom, he had a significant 

amount of face-to-face time with his students. He viewed his class as an 

action-and-practice-oriented class, rather than sitting-and-listening. “Doing” 

biochemistry was key for him that was reflected in both the observation and 

during the interview. 
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• Dr. Bobbie: She discussed her style of teaching using a problem-solving 

orientation, involving group or whole class discussions as needed. This is 

also what was observed during her lecture and in her interview.  

Even though minor over- or under-estimations were encountered, the instructors 

had a rather realistic view of their style of teaching when teaching in a biochemistry 

classroom (compared to what was observed in their respective classroom and discussed in 

the interviews). Of course, all descriptions and definitions are subject to daily changes in 

teaching due to adjustments that have to be made or other circumstances that have to be 

met, as noted by Mack and Towns (2016) in their investigation of physical chemistry 

instructors’ “beliefs about the purposes for teaching undergraduate physical chemistry 

courses”. To account for capturing instructors’ typical methodological style of teaching, 

each participant was asked to describe their typical style of teaching. Participants also 

verified that the lecture observed represented their usual style of teaching for that particular 

student cohort and in that course setting. All information provided was compared to their 

interview transcripts and artifacts provided.  

4.3.1.1.2 Instructors’ Perceptions on Active Learning Within Their Classrooms – a 

Multitude of Definitions 

After looking at instructors’ opinion on their pre-dominant style of teaching, I asked 

them during the interview, how “active” they view their classrooms to be. I posed two 

questions to them, as seen in Table 4.11 below. The first question aimed at what they 

viewed as “active engagement” for their students in their classrooms. The second question 

tried to reveal how “active” they thought their classroom was overall. Both questions were 

posed when we talked about their pre-dominant styles of teaching and how that was 

executed in their classrooms. The table below will illustrate responses I got from my 
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participants. Quotes originated from their respective interviews and are from participants 

solely unless indicated otherwise. Sometimes, names are indicated in the table below, to 

highlight questions I asked as the researcher and which parts participants have answered. 

The table generated below, originated from the original code “teaching methods” 

(see Table 3.5). This code encompassed results that related to instructors’ interpretation of 

active learning when teaching biochemistry. 

To help understand the quotes provided in the table below for both questions, and 

break them down into smaller pieces of information, I have provided two tables following 

the table below, to provide a simplified overview of the results, before further elaboration 

(see Table 4.12, Table 4.13). 
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Table 4.11 Definition of active classrooms and if classrooms provide active learning opportunities 

  Quotes* 

Type of 

institution 

Participants What does active learning mean to you in your classroom? How active is your classroom? 

Doctoral 

granting 

institutions 

(continued). 

Dr. Derrick Active learning could take several forms in the class.  It might involve 

students individually answering questions posed by the instructor 

during class, students working in groups to discuss a problem before 

giving a response or students doing online research on a topic during 

class to answer a question. 

In the metabolism class that I taught, I would pose one or two questions 

during the period that the students would need to discuss in small 

groups.  These questions often extended a concept that was addressed 

in the lecture by requiring the students to answer a problem or question 

that related to the concept. 

I do not consider my classrooms to be very active at 

present. I agree with the argument that having 

students work out a problem on their own or in 

groups helps them acquire critical thinking skills and 

helps them acquire a fuller understanding of 

concepts than simply giving them the information in 

a lecture.   

Dr. Devora I think that active learning requires definition for a workshop, and 

other than that, it's so subjective. […] Are they actively learning? Do 

you mean are they learning? Is learning not active? You could get into 

so many conversations about that. I feel like you, as a motivated 

learner, could actively learn some content topics, whatever, while 

sitting there listening to me, for example, and taking occasional notes. 

For other students who would do that, and that level of note-taking in 

my class, that does not constitute active learning, so it's different for 

different people. […] I think, in terms of a classroom, what is active 

learning? […] you just peel off the activities that you do. It's like, "Oh, 

well, we do group discussions, and we do peer collaborations on case 

studies." It forces you to put labels on things. "We do think-pair-share." 

I'm just like, "Is it really think-pair-share?" You know what I mean, 

though. We do this, we do that. 

Researcher: Do you think you execute active 

learning in your class? 

 

Dr. Devora: For some people, yeah. Some people are 

actively learning, and other people are not.  

[…] It's different for different students, I think, what 

will actually make them learn. For some people, 

taking notes while I'm lecturing is active learning. 

For some people, they are going to need to take a 

break and draw out multiple examples of a diagram, 

or they're going to need to have a conversation with 

somebody else, whether it's me, whether it's a TA, 

whether it's going to a help session. It's different for 

different people.  

Dr. Duna  […] Interactive I just think is being ... Maybe the fill-in-the-blanks is 

because they're actually having to not just sit there. It's not as passive 

as it could be. I guess just the answering questions. Asking and 

answering questions. 

[…] It's about as interactive as I get is if they ask 

questions and I try and answer them. Or if I'm doing 

a demo and I have somebody come help me or 

something. You know?  

 

[…] It's pretty traditional I would say. 
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Table 4.11 Continued 

Doctoral 

granting 

institutions 

(continued). 

Dr. Dixie To me, it's just having the students actually participate. Not 

necessarily like teach themselves or give the lectures, but not just 

sit there and record or sit there and look at the Power Point. Yeah, 

basically just not sitting there. And just like, "Okay, you're 

talking." But to force them to either react or better to engage. And 

so part of the, "Are you guys following along, does this make 

sense," is just to get them to actively affirm that, "Yes, we are 

paying attention. Yes, it makes sense." 

 

 

Whether that's a paper or a literature discussion or an in-

class exam even, because I hate coming back in the 

evenings, no one likes a night exam. So, I just try to make 

everything happen during. And you build on time for 

questions and anecdotes and stories about people in the 

field. It's like, this is a really contentious point because ... 

And that's sort of a mental break for everybody. And you 

can incorporate some of that more active learning, but it 

takes the burden off that it needs to be totally 

revolutionary. And so you can kind of give yourself some 

breathing room until you find your balance.  

Dr. Donald The kids are not asleep.  

 

[…] Active learning takes place in phases. Phase A. Students have 

to get introduced to a coherent group of material (usually text 

chapters, or parts of them), my narrated Power Points which are 

the material with Thought Questions followed by a quiz they can 

repeat. This has to be done before Phase B = active class using the 

material they come to the face to face class to solve problems and 

analyze data. Phase B is important because use doing the subject 

helps solidify the knowledge in Phase A. Phase C is prep for the 

Exams, students studying on their own (plus or minus with 

friends), which demonstrates how much learning they 

accomplished. (Dr. Donald, Follow-up email to interview 

question about active learning) 

In the active class room the problems to resolve or 

calculate are discussed between the students at the tables 

which results in individual answers from group work with 

iClickers. Peer to peer instruction goes on here, but the 

iclicker response is by the individual not the group. (Dr. 

Donald, Follow-up email to interview question about 

active learning) 

 

[…]. Just a more active class, more clicker problems and 

stuff like that in class, face to face. That's what's 

important.  

 

[…] You can see and hear the activity. I use a hand-held 

sound level meter: when they are perplexed the 

discussion is 40-45 db, when it gets really active it goes 

to around 60 db before they have to put in their iclicker 

response. […]. They can get louder to 70 or so db when 

something happens the they are talking loud and 

clapping. Otherwise, I have no scientific way of assessing 

activity. In my class it is rare to see a student doing 

nothing much, the LAs or myself are on those right away 

to get them into the action. (Dr. Donald, Follow-up email 

to interview question about active learning) 
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Table 4.11 Continued 

Doctoral 

granting 

institutions 

(continued). 

Dr. Danner Doing things. Not just absorbing things. It can be as simple as doing 

problems that are not just regurgitation things from lecture. Working 

on projects. Hands-on things. That's what I'm trying to do, for example, 

with this visualization project that I keep talking about.  

 

 

Researcher: Do you think that your classroom, even 

though you say you do a lot of lecturing, with the 

activities you have, do you think it's already active? 

 

Dr. Danner: As best as it can be. I don't know how 

you would ... There's probably a fluid transition from 

one extreme to the other. It's not as active as I'd like 

it to be. There's still a lot of students in there, I don't 

know how much goes in there and how much gets 

retained.  

Dr. Dana Anything where the students’ minds are actively engaged in a problem 

or a question. When they are learning, they're not being taught. So, 

when are doing the thinking in some way. Whatever it is that 

encourages their minds to be doing the thinking is what I'm trying to ... 

That's what I try to have happen, in whatever way I can do it. 

Researcher: You don't want to lecture just to them. 

You want to make them ... You don't consider active 

learning as that much of a teaching part from your 

side then? 

 

Dr. Dana: Yeah, partially. Or I guess I bring the 

activities, but the students are doing the learning, so, 

yeah. 

Dr. Dalton Dr. Dalton: Yeah, yeah. Let's see if we can take an example. They're 

learning to differentiate one stereoisomer from another in class. The 

activity is drawing the structure, recognizing that the functional group 

sticks out one direction for one molecule, sticks out the other way for 

another molecule. 

Then we take a look at the molecular model, and we associate the shape 

of the molecule with what we've drawn on the paper, put that together. 

Then the third piece might be to, say, recognize that the protein bonds 

to one stereoisomer versus another, something along those lines. That 

might be an example. 

 

Researcher: When you write your notes on the board and talk through 

them in detail, and I saw you do that, do you also think that it is an 

active process your students go through when they take the notes and 

think with you through that? 

 

Dr. Dalton: Yes, absolutely. 

[…] it's an active form of learning, I guess. 
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Table 4.11 Continued  

Doctoral 

granting 

institutions 

(continued). 

Dr. Dolly Dr. Dolly: The students are thinking about it, why we are talking about 

it.  

 

Researcher: Okay.  

 

Dr. Dolly: It's not necessary physically active and be in the act of 

something. Being a demonstration, not like that. But students are trying 

to connect with issues outside, or inside, the classroom. And I see that. 

And I don't think you get that in online classes.  

 

Researcher: And so active, is also for you, when the students nodding 

at you, and participating in the non-verbal communication that also ... 

 

Dr. Dolly: That, as well as bringing up the questions from outside of 

classroom.  

At least the parts of that I enjoy, yes. Because 

students who never really engage, but at least I try.  

[…] As far as engaged part, and also students ask 

questions in the middle of lecture, and I really enjoy 

that. Sometimes a student says, "I know this may not 

be, right now, relevant to what ... But, how about 

this?" And those are great, pointed questions. And 

the other thing, student says, "But in my cell bio 

classes, my professor said this." And I was able to 

explain it. 

Dr. Donna Not sitting there ... Active learning is engaging with the material and 

not passively sitting there thinking that you just quote things to me. 

Talk at you. 

So, what I would like is to have days where they're 

literally ... I'd like to have case studies, I'd like to 

have more days where they're just thinking trough 

the material. More application days where I shut up 

and let them think through the material. 

[…] POGIL activity. 
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Table 4.11 Continued   

Master’s 

granting 

institutions 

 

Dr. Magnus I try to engage them, if nothing else, by asking questions, even if 

they're rhetorical questions, meaning I don't necessarily expect them to 

answer at least hopefully that they are thinking about these things. 

Although, frequently I will ask like this one came out today, what do 

you point out that in a fatty acid ... a polyunsaturated fatty acid double 

bombs run every third carbon. I said, what if they were on every other 

carbon? Then I say, "Well, where did you learn about this in organic 

chemistry?" At that point, everybody covers their face. No one wants 

to have to admit that they don't remember anything from organic 

chemistry. I know they learned this in organic chemistry, but I also 

know that they probably mostly all forgot it. I'm not expecting to know 

the answer. Although, usually some, at least one person will get the 

answer. I'm not expecting them to know the answer, but I just want 

them to think about the fact that what we're doing here relates to what 

they've learned before and if I can force them to make that connection 

even if they're not doing it on their own.  

 

I guess in that context, if the students are mentally engaged in what's 

going on then that's an act of learning, even if they're not necessarily 

physically engaged. I think a lot of people will define active learning 

environments are one where the students are actively asking the 

questions or involved in discussions. Lots of give and take. My class, 

certainly like I said, doesn't have as much event as others do. If I can 

have the students be thinking about these things in their own head, then 

perhaps it's active but in a different way. 

Researcher: That's interesting. In your classroom, 

would you say that with asking questions and having 

them always alert with you by responding to you, if 

they have questions, would you define that as an 

active learning classroom? For you is your classroom 

active? 

 

Dr. Magnus: In that regard yes, it would be. 

Although, there are I know a lot of people have 

classes and structure their courses in ways that are 

much more interactive than what I do. I don't want to 

pretend to be the best example of what we would call 

an active classroom. 
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Table 4.11 Continued 

Master’s 

granting 

institutions 

(continued). 

Dr. Manju Student participation in class discussions and presentations. My 

method is engage students in active discussion during the class, as 

well as ask students to write research reports and presentation (in 

pair or group) on the topics of their choice related to biochemistry. 

(follow-up email after interview) 

In my class we had very spirited discussions on the 

specific topic I am teaching.  For presentation: peer 

evaluation and they graded based on class participation: 

how they answered the questions as well as quality of 

presentation (slide preparation, knowledge). […]  

1. My class room is fairly active when there is a topic of 

interest specifically related to the medical field or 

interesting research article or news item is brought by a 

student or by me. 

2. I would describe my classroom is active learning with 

limitation, many a times topic has to completed and 

tests/exams or other projects often hamper the student 

enthusiasm. 

Every biochemistry topic cannot be turned into active 

learning, specifically when it comes to amino acid 

structure, protein structures or simple reaction 

mechanisms involved or lipid and nucleic acid chemistry. 

Organic chemistry is the basis of biochemistry so often 

when it comes to organic aspects of the biochemistry. 

(follow-up email after member-checking) 
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Table 4.11 Continued 

Master’s 

granting 

institutions 

(continued). 

Dr. Maggie Dr. Maggie: My approach to active learning has been very much 

patterned after the POGIL approach that I went to a workshop ... 

I don't know how many years ago. Many years ago. The active 

learning and how they approached it and pattern recognition 

where they would give information and then the students had to 

construct their own knowledge. That really, really appealed to me. 

I like an active learning type of a classroom.  

 

Dr. Maggie: Where it's not lecturing and where the students are 

doing stuff. That they're active.  

 

Researcher: Like physically?  

 

Dr. Maggie: In some cases, yes. I mean group work I don't know 

that they're all physically active, but they're discussing.  

In group activities there's that same idea of constructing 

knowledge of helping to teach the others in your group 

about things, about the engagement with the material. I 

watch them, and I almost cry because they're all busy 

talking about science and they have interesting things to 

say, and they're trying to figure these things out. They're 

interested then in the answer since they've invested some 

brain cells in trying to think up answers to things. That's, 

I think, why active learning became to me an objective in 

teaching.  

Dr. Mickey As I mentioned earlier, lecture, to listen, process, and to take notes, 

that is an active learning process, so I think what I do is active 

learning. It's just on what I would call the traditional side of active 

learning, and the new methods that are coming out, I'd, you know, 

I'd ... done a little bit of a disservice to themselves by not 

acknowledging that lecture is a form of active learning. 

I think my classes are actively learning, are all active 

learning. 
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Table 4.11 Continued   

Bachelor 

granting 

institutions 

(continued). 

Dr. Brigid Active learning is where the students are given a task, and they have 

to come up with a reasonable result or answer on their own, maybe 

with some help from me […]. 

I think science is always a conversation, and if you 

can help the […] conversation, that's good. It's 

something that stimulates them to come up with an 

answer, and at the same time, promoting their 

understanding of the particular topic, so they have to 

be able to conceptualize what's going on. 

[…] Yeah, this is mostly in group work. Active 

learning […] in group work, that is what's going on.  

Dr. Berry Active learning is when the students are busier than the instructor is. 

They are mentally engaged with the material and do actively doing 

[…] things with it.  

Like about the small group work is it's really hard to fall asleep. In a 

lecture, even my own notes I can see my handwriting trailing off. I 

think active is very much them minds on, hands on thinking about it. 

I think it is the change is more that I was doing that 

about half the time where I would do kind of a mini 

lecture and then they would do the activity and 

basically the mini lectures they've either gotten 

shorter or moved to the end, as opposed to at the 

beginning. 

Which actually goes back with that initial teaching 

[…] philosophy of having them struggle first and 

then have them resolve by the end. 
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Table 4.11 Continued  

Bachelor 

granting 

institutions 

(continued). 

Dr. Bobbie Dr. Bobbie: They need to be active learners, that they can’t learn 

without doing it themselves and that they need to be trying things even 

if they are the wrong things and making mistakes in order to learn. 

 

Dr. Bobbie: I don’t know, they are individuals doing, I mean trying to 

struggle with the material themselves, right? I mean active way. 

 

Researcher: Struggling in terms of like practicing or just thinking about 

it or really executing it on paper? 

 

Dr. Bobbie: All of the above right; you can learn by reciting, you can 

learn by doing, you can learn by writing. The studies say writing it 

down is critical, so writing down is going to help you remember way 

better than if you just walk through it in your head but walking through 

it in your head is important too. If I can recite in the shower how to 

solve a free energy problem, then probably on the test I’m going to 

know how to do it. 

 

Dr. Bobbie: […] Knowing the difference between I know it or I know 

something about it is the difference between really understanding it 

and having the concept and the content clearly in your mind versus, so 

the active learner will get to the point where they truly know it. 

Probably you can tell either they know it or they get stuck and come 

ask for help you know? 

Researcher: You said also on motivation for you why 

you do this so much active learning that you say I 

want to see what they can do because if I only lecture 

I cannot see what they can do? 

 

Dr. Bobbie: Right. I want to know what they know 

and see what they can do so that I can challenge the 

best of them to get better and the weak ideally to get 

up to confidence. 
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To better understand the definitions and ways of active learning, I will present 

below several examples that originated form Table 4.11. The following table, Table 4.12, 

summarizes the quotes provided from Table 4.11, addressing the first question: What does 

active learning mean to you in your classroom?  

Table 4.13, below, summarizes and reflects the results listed in Table 4.11, in regard 

to the second question posed in the aforementioned table. Summarizing those results 

provided another level of depth to the statements and how instructors viewed active 

teaching. 

Based on the summaries provided below in the two following tables, I grouped all 

instructors in three different categories:   

• A More Thinking-Focused Way of Active Learning. 

• An Activity-Oriented Way of Thinking About Active Learning. 

• Active Learning in and Outside of Class. 
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Table 4.12 Defining ways of active learning in the classroom 

 Participants Key components participants voiced what active learning 

meant to them 

Doctoral granting 

institutions 

Dr. Derrick Answering questions 

Discussions  

 

Group or individual 

Dr. Devora Listening 

Note taking 

Doing activities 

 

Dependent on the learner what is active learning for them 

Dr. Duna Asking 

Answering questions 

Fill-in-the blank sheets 

Dr. Dixie Being active through reacting and engaging 

 

Participation through visual ques 

Dr. Donald Being awake, alert 

Dr. Danner Hands-on involvement by 

In-class: Doing problems 

Outside of class: Doing projects 

Dr. Dana Actively engaged minds 

Students do the thinking 

Dr. Dalton Students listening to lecture 

Drawing, looking at models 

Dr. Dolly Listening to lecture 

Bringing questions to class 

Dr. Donna Engaging with material 

Not passively listening 

Master granting 

institutions 

Dr. Magnus Listen 

 

Engage them through questions – make them think about 

them without them answering necessarily or asking the 

questions 

 

Dr. Manju In-class: Engage students in active discussions, hold 

presentations 

 

Outside of class: write research reports 

Dr. Maggie Actively discussing 

Doing stuff 

 

Not lecturing 

Dr. Mickey Listen 

Process 

Take notes 

 

Lecture as a form of active learning 
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Table 4.12 Continued 

Bachelor granting 

institutions 

Dr. Brigid Come up with results 

Doing task 

Dr. Berry Mentally engaged 

Actively doing stuff with the material 

Dr. Bobbie Reciting 

Doing 

Writing 

Struggle with the material 
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Table 4.13 Overview on perceptions on one’s own classroom environment, and if it is 

active or not 

 

 

 

 

 

A More Thinking-Focused Way of Active Learning  

In this section, I will present examples of instructors who emphasized active 

learning approaches in which the classroom environment is dominated by having the 

students listen and think rather doing physical activities in class. 

Dr. Dixie highlighted in her interview that active learning, for her, was based on visual 

cues with her students, seeing if they understand concepts and possibly engaging in 

conversations. 

Yeah, basically just not sitting there. And just like, "Okay, you're talking." But to 

force them to either react or better to engage. And so, part of the, "Are you guys 

following along, does this make sense," is just to get them to actively affirm that, 

"Yes, we are paying attention. Yes, it makes sense." (Dr. Dixie, interview) 

  

Type of 

institution 

Participants Classroom is 

providing an 

active learning 

environment 

Classroom is 

providing an 

active learning 

environment 

with limitations 

Classroom is 

providing a 

traditional 

learning 

environment 

(with a major 

focus on 

lecturing) 

Doctoral 

granting 

institutions 

Dr. Derrick   x 

Dr. Devora  x  

Dr. Duna  x  

Dr. Dixie x   

Dr. Donald x   

Dr. Danner  x  

Dr. Dana x   

Dr. Dalton x   

Dr. Dolly x   

Dr. Donna  x  

Master 

granting 

institutions 

Dr. Magnus  x  

Dr. Manju  x  

Dr. Maggie  x  

Dr. Mickey x   

Bachelor 

granting 

institutions 

Dr. Brigid x   

Dr. Berry x   

Dr. Bobbie x   
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Similarly, Dr. Dolly argued: 

The students are thinking about it, why we are talking about it. […] It's not 

necessary physically active and be in the act of something. Being a demonstration, 

not like that. But students are trying to connect with issues outside, or inside, the 

classroom. And I see that. (Dr. Dolly, interview) 

 

Dr. Magnus, with his more traditional lecture style pointed out: 

I try to engage them, if nothing else, by asking questions, even if they're rhetorical 

questions, meaning I don't necessarily expect them to answer at least hopefully that 

they are thinking about these things. […] I guess in that context, if the students are 

mentally engaged in what's going on then that's an act of learning, even if they're 

not necessarily physically engaged. I think a lot of people will define active learning 

environments are one where the students are actively asking the questions or 

involved in discussions. Lots of give and take. My class, certainly like I said, doesn't 

have as much event as others do. If I can have the students be thinking about these 

things in their own head, then perhaps it's active but in a different way. (Dr. Magnus, 

interview) 

 

Engaging students mentally for him was a form of active learning, as he defined it. He did 

point out, that classrooms could be more active/interactive than his own, but, as he 

described it, his form of instruction was more active than passive. His attitude was similar 

to Dr. Mickey’s view of active learning: 

As I mentioned earlier, lecture, to listen, process, and to take notes, that is an active 

learning process, so I think what I do is active learning. It's just on what I would 

call the traditional side of active learning, and the new methods that are coming out, 

I'd, you know, I'd ... done a little bit of a disservice to themselves by not 

acknowledging that lecture is a form of active learning. (Dr. Mickey, interview) 

 

For him, lecture is a form of active learning that he regrets is not being emphasized as much 

anymore in classrooms, since he thinks much more emphasis is put on student involvement 

through activities nowadays. 

Dr. Dalton’s definition concentrated on having students listen to his lecture, with a 

small emphasis on using models in class as well: 
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Dr. Dalton: […] Then we take a look at the molecular model, and we associate 

the shape of the molecule with what we've drawn on the paper, put 

that together. Then the third piece might be to, say, recognize that 

the protein bonds to one stereoisomer versus another, something 

along those lines. That might be an example. 

 

Researcher:  When you write your notes on the board and talk through them in 

detail, and I saw you do that, do you also think that it is an active 

process your students go through when they take the notes and think 

with you through that? 

 

Dr. Dalton:  Yes, absolutely. (Dr. Dalton, interview) 

 

Dr. Dana, with a rather fast-paced and more student-centered classroom environment, also 

emphasized the “thinking” part as being active learning for students. 

Anything where the students’ minds are actively engaged in a problem or a question. 

When they are learning, they're not being taught. So, when are doing the thinking 

in some way. Whatever it is that encourages their minds to be doing the thinking is 

what I'm trying to ... That's what I try to have happen, in whatever way I can do it. 

(Dr. Dana, interview) 

 

An Activity-Oriented Way of Thinking about Active Learning 

This group of participants emphasized particular actions that should be taken by 

students in order to have active learning occur in their classes. Dr. Derrick demonstrated a 

theory-oriented approach to teaching (Table 4.9). At the same time, he stated that he was 

not incorporating active learning as he would define it (Table 4.13). His active learning 

definition is dominated by involving students in questions and discussions: 

Active learning could take several forms in the class. It might involve students 

individually answering questions posed by the instructor during class, students 

working in groups to discuss a problem before giving a response or students doing 

online research on a topic during class to answer a question. In the metabolism class 

that I taught, I would pose one or two questions during the period that the students 

would need to discuss in small groups.  These questions often extended a concept 

that was addressed in the lecture by requiring the students to answer a problem or 

question that related to the concept. […] I do not consider my classrooms to be very 

active at present. I agree with the argument that having students work out a problem 

on their own or in groups helps them acquire critical thinking skills and helps them 
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acquire a fuller understanding of concepts than simply giving them the information 

in a lecture. (Dr. Derrick, interview) 

 

Similar physical activities Dr. Derrick mentioned, where also outlined by Dr. Duna: 

[…] Interactive I just think is being ... Maybe the fill-in-the-blanks is because 

they're actually having to not just sit there. It's not as passive as it could be. I guess 

just the answering questions. Asking and answering questions. (Dr. Duna, interview) 

 

However, for Dr. Duna, who also wanted her classroom to be potentially more active, 

deliberately added fill-in-the blank sheets to her teaching. And she believed her classroom 

was already as active as possible (Table 4.13): “It's about as interactive as I get is if they 

ask questions and I try and answer them. […].” (Dr. Duna, interview) 

Dr. Devora’s definition was special in the way she noted that active learning was based on 

what each student thought would make them active and engaged in the material. For one 

particular student, listening to them was actively engaging, for the others, walking around 

in the room was more appropriate to achieve active engagement and learning.  

Dr. Devora: I feel like you, as a motivated learner, could actively learn some  

content topics, whatever, while sitting there listening to me, for 

example, and taking occasional notes. For other students who would 

do that, and that level of note-taking in my class, that does not 

constitute active learning, so it's different for different people. […]  

 

Researcher:  Do you think you execute active learning in your class? 

 

Dr. Devora:  For some people, yeah. Some people are actively learning, and other 

people are not. […] It's different for different students, I think, what 

will actually make them learn. For some people, taking notes while 

I'm lecturing is active learning. For some people, they are going to 

need to take a break and draw out multiple examples of a diagram, 

or they're going to need to have a conversation with somebody else, 

whether it's me, whether it's a TA, whether it's going to a help 

session. It's different for different people. (Dr. Devora, interview) 

 

Dr. Donna emphasized the importance of engaging her students in activities. That for her 

was a true active learning engagement: “Not sitting there ... Active learning is engaging 
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with the material and not passively sitting there thinking that you just quote things to me. 

Talk at you.” (Dr. Donna, interview) 

Since she did not believe her classroom was active enough, yet, she also emphasized: 

So, what I would like is to have days where they're literally ... I'd like to have case 

studies, I'd like to have more days where they're just thinking trough the material. 

More application days where I shut up and let them think through the material. […] 

POGIL activity. (Dr. Donna, interview) 

 

Her case will be discussed later in more detail (Table 4.16) since she would prefer to 

incorporate more activities but also shared challenges she was facing to implement these. 

Dr. Maggie emphasized that lecturing is not active learning for her, and her students need 

to “do stuff”. 

Dr. Maggie: Where it's not lecturing and where the students are doing stuff.  

That they're active.  

 

Researcher:  Like physically?  

 

Dr. Maggie:  In some cases, yes. I mean group work I don't know that they're all 

physically active, but they're discussing. […] In group activities 

there's that same idea of constructing knowledge of helping to teach 

the others in your group about things, about the engagement with 

the material. I watch them, and I almost cry because they're all busy 

talking about science and they have interesting things to say, and 

they're trying to figure these things out. They're interested then in 

the answer since they've invested some brain cells in trying to think 

up answers to things. That's, I think, why active learning became to 

me an objective in teaching. (Dr. Maggie, interview) 

 

Dr. Brigid and Dr. Berry had similar views of the extremes of how “active” active learning 

has to be to be effective for students. Both pointed out the importance of cognitive 

engagement and incorporating activities into the classroom: 

Active learning is where the students are given a task, and they have to come up 

with a reasonable result or answer on their own, maybe with some help from me 

[…]. […] I think science is always a conversation, and if you can help the […] 

conversation, that's good. It's something that stimulates them to come up with an 

answer, and at the same time, promoting their understanding of the particular topic, 
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so they have to be able to conceptualize what's going on. […] Yeah, this is mostly 

in group work. Active learning […] in group work, that is what's going on. (Dr. 

Brigid, interview) 

 

Active learning is when the students are busier than the instructor is. They are 

mentally engaged with the material and do actively doing […] things with it. Like 

about the small group work is it's really hard to fall asleep. In a lecture, even my 

own notes I can see my handwriting trailing off. I think active is very much them 

minds on, hands on thinking about it. (Dr. Berry, interview) 

 

Dr. Bobbie highlighted the interplay between different forms of engaging with the material, 

but most importantly, struggling with the material in different ways to learn:  

Dr. Bobbie: They need to be active learners, that they can’t learn without doing  

it themselves and that they need to be trying things even if they are 

the wrong things and making mistakes in order to learn. […] I don’t 

know, they are individuals doing, I mean trying to struggle with the 

material themselves, right? I mean active way. 

 

Researcher:  Struggling in terms of like practicing or just thinking about it or 

really executing it on paper? 

 

Dr. Bobbie:  All of the above right; you can learn by reciting, you can learn by 

doing, you can learn by writing. The studies say writing it down is 

critical, so writing down is going to help you remember way better 

than if you just walk through it in your head but walking through it 

in your head is important too. If I can recite in the shower how to 

solve a free energy problem, then probably on the test I’m going to 

know how to do it. […] Knowing the difference between I know it 

or I know something about it is the difference between really 

understanding it and having the concept and the content clearly in 

your mind versus, so the active learner will get to the point where 

they truly know it. Probably you can tell either they know it or they 

get stuck and come ask for help you know? (Dr. Bobbie, interview) 

 

A similar emphasis was made by Dr. Berry, as well as Dr. Brigid. Dr. Berry stated: 

I think it is the change is more that I was doing that about half the time where I 

would do kind of a mini lecture and then they would do the activity and basically 

the mini lectures they've either gotten shorter or moved to the end, as opposed to at 

the beginning. Which actually goes back with that initial teaching […] philosophy 

of having them struggle first and then have them resolve by the end. (Dr. Berry, 

interview) 
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Active Learning In and Outside of Class 

Dr. Danner and Dr. Manju had unique ways of thinking about active learning in 

biochemistry classrooms. For them, active learning does happen just through activities in 

class but also outside of the classroom. Dr. Danner, for example, said: 

Doing things. Not just absorbing things. It can be as simple as doing problems that 

are not just regurgitation things from lecture. Working on projects. Hands-on things. 

That's what I'm trying to do, for example, with this visualization project that I keep 

talking about. (Dr. Danner, interview) 

 

Furthermore, he elaborated on some worries he had, similar to Dr. Duna’s views: 

Researcher:  Do you think that your classroom, even though you say you do a lot 

of lecturing, with the activities you have, do you think it's already 

active? 

 

Dr. Danner:  As best as it can be. I don't know how you would ... There's  

probably a fluid transition from one extreme to the other. It's not as 

active as I'd like it to be. There's still a lot of students in there, I don't 

know how much goes in there and how much gets retained. (Dr. 

Danner, interview) 

 

Dr. Manju stated: 

Student participation in class discussions and presentations. My method is engage 

students in active discussion during the class, as well as ask students to write 

research reports and presentation (in pair or group) on the topics of their choice 

related to biochemistry. (Dr. Manju, follow-up email after interview) 

 

All definitions extracted from the participants interviews met some level of Bonwell’s and 

Eison’s (1991), King’s (1993). and Corno’s and Madinach’s (1983) definitions of active 

learning; in some ways being “cognitively engaged” and/or interacting with the material 

meaningfully. As pointed out above, the emphasis on either the interaction with the 

material or the engagement of the mind varied from instructor to instructor. Overall, it 

seemed as if instructors who already tried to implement some level of student engagement 

into their classrooms (e.g. Dr. Danner, Dr. Donna) were more critical towards their level 
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of active student engagement than instructors who mostly execute traditional instructional 

methods (e.g. Dr. Dixie, Dr. Dalton), as seen in Table 4.13. Through analyzing their 

definitions of active learning, it became apparent that the more student-centered the 

orientations of the instructors, the more “active” their descriptions of active learning were, 

mentioning activities and active ways of students engaging in tasks or with each other to 

gain knowledge. The idea of “struggling” with the material came up, in particular, among 

instructors who were student-centered.  

4.3.1.2 Placing the Results in the Context of the ICAP Framework – Engaging Students 

More 

In order to situate my results in the context of current literature and the current 

views existing on student engagement in the classroom, results were interpreted through 

the lens of the ICAP framework, introduced by Chi and Wylie (2014). This lens enabled 

me to categorize each teaching style in a more defined way and situate the intended student 

engagement within the literature. Chi and Wylie (2014) categorized engagement from the 

perspective of the students, based on what students do and how actively involved they are 

in the classroom when executing certain activities. Students’ level of involvement is based 

on instructors’ styles of teaching. In my research, I interpreted students’ actions from an 

instructors’ perspective. Through the presence of certain teaching methodologies that were 

present in an instructors’ teaching, I made inferences to what this might mean for their 

student engagement. 

In this section I will introduce the ICAP framework’s view on active learning, 

drawing from three other papers that provide a more detailed definition of active learning. 

Bonwell and Eison (1991), King (1993) and Corno and Madinach (1983) all described 

active learning as a form of learning where students have to be “cognitively engaged” and 
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interact with the material meaningfully. This is also the definition the ICAP framework 

relies on when describing the work on this construct within the context of active learning. 

Before situating this work within the lens of the ICAP framework, the following section 

presents participants’ views regarding what active learning is and how active classrooms 

should be. 

In order to gain more insight into the level of student engagement instructors 

teaching biochemistry potentially offered, I interpreted the results through the lens of the 

ICAP framework by Chi and Wylie (2014). The interpretation was based on Figure 3.5 

(see page 102), which represents their original Table 1, where they listed the activities 

students would likely do when being in a certain mode of engagement. Since I came from 

the perspective of the instructors’ side and which methodologies they implemented, I 

looked at what they did and how that could possibly map on to students’ action in the 

classroom, and therefore encourage them to be involved in a potential mode of engagement. 

Figure 3.5, on page 102, worked as a scaffold to categorize my instructors’ teaching style 

by mode of engagement for their students. Table 4.14 summarizes in detail which teaching 

methodological aspects were categorized into each mode of student engagement if 

applicable. 

In Kember's model, which I use throughout this study as the basis for building the 

foundation of “student-centered” teaching, the focus of attention moves away from the 

teacher and toward the student. Kember (1997) notes: “The role of the teacher shifts 

towards that of helping the student to learn. The emphasis is on student learning outcomes 

rather than upon defining content.” His definition of “student-centered teaching” relies on 

the following statement from a previous publication: “You’ve got to be able to make an 
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environment where students really want to learn. If you do that, they are much more likely 

to understand why they learn. And then I think after that, the teacher should be a resource 

person, generally to guide the students (Kember & Gow, 1994, p. 63).” Kember’s model 

assumes that “student-centered” means that students demonstrate their understanding by 

applying their knowledge. Therefore, Kember's model (1997) uses the term student-

centered in a similar context to the ICAP framework use of the term learner-centered. The 

ICAP model uses "learner-centered teaching,” as an approach to the classroom 

environment in which the learner becomes active in class, thereby building on definitions 

of active learning by Bonwell and Eison (1991), King (1993) and Corno and Madinach 

(1983), who all described active learning as a form of learning where students have to be 

“cognitively engaged” and interact with the material meaningfully.  

This rather open-ended definition of active learning allows me to connect the terms 

active learning and student-centered teaching or student-centered learning with each other 

within the context of the interviews and observations made during this study. For many of 

my instructors it seemed that increased “student-centered teaching” meant increased 

“active learning” opportunities, although there were differences in how each participant 

phrased their definition of active learning, as can be seen in Table 4.11. 

4.3.1.2.1 Potential Platform of Teaching Provided – Leaving the Platform of Passive 

Student Engagement  

The table below summarizes instructors’ teaching styles by mode of engagement 

for their students, using the ICAP model. To generate inferences, all data such as interviews, 

observations and artifacts were analyzed to gain insight into the potential platform for 

student engagement the instructors could possibly provide during teaching a biochemistry 
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lecture. The categories used at the top half of the Table 4.14 resemble the four different 

student modes of engagement of the ICAP model: passive, active, constructive, interactive.  

The following table provides several layers of depth to reveal the grouping of the 

participants teaching styles with the respective ICAP student mode of engagement. First, 

in the first left column named “summary of teaching style leading up to certain ICAP 

category, mainly based on observations”, I briefly summarized each participants’ 

respective teaching style. Those results originated from my analysis shown in Table 4.9. 

That summary then provided the foundation to disseminate teaching components that 

reflected a certain student mode of engagement within their teaching styles (see last four 

columns in the table below). Eventually, after identifying components that mapped on to 

student modes of engagement in each teaching style for each participant, I looked at the 

overall teaching style for each instructor. For this, I investigated what student mode of 

engagement was encouraged the most by the frequent use of certain techniques, and 

provided an overall impression which student mode of engagement each instructor 

potentially provided most (see column “summary of main ICAP platform of potential 

student engagement provided by the instructor). The student mode of engagement that was 

primarily enforced during lecture through the instructor’s style of teaching was highlighted 

in bold in the table below. Within the table below, if cells were left blank, the data collected 

did not support that specific mode of engagement. To help you understand Table 4.14 to 

categorize instructors potential of their style of teaching in lectures using the ICAP 

framework better, I have generated Figure 4.2 that shows all instructors grouped by their 

potential student mode of engagement that they potentially provided predominantly. The 
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figure can be found below this table. After the figure, I will discuss how the results of Table 

4.14 can be viewed.  
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Table 4.14 Predominant aspects highlighted (from observations, interviews and artifacts) to categorize instructors potential of their 

style of teaching in lectures using the ICAP framework 

T
y

p
e 

o
f 

in
st

it
u

ti
o

n
 

P
ar

ti
ci

p
an

ts
 

  ICAP categories 

Possibly enabled student mode of engagement seen in teaching methods used 

by instructors 

Passive Active Constructive Interactive 

Summary of 

teaching style 

leading up to 

certain ICAP 

category, mainly 

based on 

observations 

Summary of main ICAP 

platform of potential student 

engagement provided by the 

instructor 

R
ec

ei
v

in
g

 

M
an

ip
u

la
ti

n
g
 

G
en

er
at

in
g
 

D
ia

lo
g

u
in

g
 

D
o

ct
o

ra
l 

g
ra

n
ti

n
g

 i
n

st
it

u
ti

o
n

s 

Dr. Derrick Uses PowerPoint 

mostly, utilizes 

additional screens 

mounted close to 

each group table, 

as well as white 

boards mounted 

next to the TVs for 

group work. 

Mostly lecturing 

off of his 

PowerPoint with 

prompted 

questions in 

between, 

extremely short 

group work 

challenges 

dispersed through 

class. 

The instructor goes through his 

slides, creating short challenges 

of group-work activities during 

his lecture. His main class period 

is dominated by lecturing. Short 

group activities give the students 

more opportunity for 

manipulation of 

thoughts/concepts, which create 

an active mode of student 

engagement mostly. The level 

of how passive or active the 

lecture portion is received by the 

students is up to the learner more 

or less, since group work is 

assigned rather “freely” and in 

short increments. The short 

group-work entities are possibly 

giving room for constructive 

engagement.  

Lecturing to 

students via 

projecting 

slides. 

The instructor 

provides extremely 

short group 

challenges by 

asking a question 

and letting students 

work on it for about 

2 minutes. Students 

may repeat what 

they have just heard 

or take notes during 

lecture given. 

Short group work 

activities offer the 

opportunity reflect 

and explain concepts 

to each other.  

- 
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Table 4.14 Continued 

 

Dr. Devora She uses 

PowerPoint slides 

sporadically and 

has an emphasis 

on longer group 

work or student-

centered activities 

during class-time. 

She mostly asks 

her students 

questions during 

group work 

activities, but also 

when the entire 

class is listening.  

Her lecture style provides the 

students with a platform of 

interactive student 

engagement. Since her students 

are most of the time working in 

groups, the platform of close 

peer-interactions is given, as 

well as the potential for 

discussion where student defend 

and argue their positions. With 

her continuously walking around 

and helping them to solve 

problems, she encourages 

working on tasks and 

questioning if material was well 

understood.  

Minimal 

lecturing 

dominates 

her 

classroom 

teaching.  

E.g. during her 

whole class 

activities such as 

CQ (to be precise 

hot seat questions), 

her student have the 

opportunity to take 

verbatim notes and 

copy solution steps. 

Her various group 

work activities allow 

her to provide her 

students with the 

opportunity to ask 

questions, as well as 

reflect out-loud. 

Since she 

spends a 

significant 

portion of her 

lecture time 

on group 

work, her 

students are 

provided with 

the platform 

of cultivating 

a discussion 

among each 

other, 

defending and 

arguing on 

biochemical 

concepts, that 

she and her 

Tas check on 

while rotating 

between 

groups. 
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Table 4.14 Continued 

 

Dr. Duna She uses in her 

lectures 

powerpoint with 

accompanied fill-

in the blank 

Powerpoint 

handouts for 

students. She does 

ask her students 

questions. 

Duna’s lecture style is 

traditional, with her mostly 

talking and going through 

material However, with her 

providing fill-in-the blank 

lecture notes as well as asking 

questions and being questions 

asked, she does give the 

platform for more constructive 

engagement in her lecture. 

However, depending on the 

students’ intrinsic motivation, 

they possibly are in different 

student engagement modes still. 

Lecturing 

makes up 

the biggest 

part of her 

style of 

teaching.  

Rhetorical 

questions, 

interspersed with 

sporadic content 

questions 

accompanies her 

style of teaching. 

This encourages 

students taking 

verbatim notes and 

being at an active 

level of 

engagement. 

Sporadically, students 

are asking questions 

in class that are 

answered by the 

instructor. Fill-in-the-

blank print-outs for 

lecture encourages 

this mode of 

engagement. 

- 
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Table 4.14 Continued 

 

Dr. Dixie She uses 

PowerPoint mostly 

and lectures 

heavily. She 

checks in with her 

students verbally 

and visually, if 

they understand 

her a lot. She is 

open to questions 

during class and 

some questions 

lead into short 

whole class 

discussions, since 

she engages 

everyone to 

participate. She 

does provide 

sporadic student-

centered activities 

such as present 

models or offer 

paper discussions. 

She does assign 

whole class 

periods to student-

centered teaching, 

rather than mis up 

her lecture with 

different student-

centered teaching 

techniques.  

She has more lecture sessions 

than student-centered activities, 

so her overall student mode of 

engagement is active. Her 

student-centered teaching 

activities give a potential 

platform for students to engage 

actively and constructively. Her 

teaching style does have 

potential to reach interactive 

student engagement, however, it 

is more likely to occur 

spontaneously than intentionally 

in class (e.g. students bring up 

questions and other are 

interested to contribute which 

will result in a class discussion). 

She mostly 

lectures in 

class from 

her 

PowerPoint 

slides. She 

keeps a 

close eye 

contact with 

her students 

and checks 

in on them 

with many 

rhetorical 

questions. 

Her lectures 

are fast 

paced. 

Her lecture style 

encourages students 

to take notes. 

Most of the 

constructive student 

engagement is 

possible during her 

group work 

activities. Student 

ask some questions 

during class. 

Some of her 

rather group 

work activities 

give the 

opportunity to 

defend a 

position and 

debate and 

discuss in 

more depth, 

such as her 

paper 

discussion 

sessions.  
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Table 4.14 Continued 

 

Dr. Donald He poses many 

clicker questions 

to his students and 

shows them on a 

screen through 

PowerPoint. Each 

student group table 

has an individual 

screen also. Every 

question is 

discussed in the 

group where 

instructor and TAs 

walk around and 

answer questions. 

Students talk 

among each other 

as well. 

This student-centered teaching 

style is giving a platform for 

constructive student 

engagement. The instructor 

does give a platform to all 

students individually to ask 

questions during their discussion 

face about the posed clicker 

questions. Answering of clicker 

questions is rather fast paced, 

which probably provides less 

time to discuss answers further. 

They work in groups and discuss 

possible answers. Most of the 

questions are asked during the 

group work face, less during 

clicker question face or 

explanation face by the 

instructor. 

When the 

instructor 

goes through 

answers they 

have just 

voted on via 

clicker 

questions, 

he talks 

about why 

the answers 

are wrong or 

right and 

lectures on 

the concept 

further, for a 

short time 

(1-2 min) 

The platform for this 

student mode of 

engagement is 

mostly given during 

presentation of 

answers on clicker 

questions discussed. 

Students have the 

opportunity to take 

verbatim notes.  

Instructor receives 

and gives out 

questions during 

group work activity 

to solve projected 

clicker questions. 

Students integrate 

their knowledge 

through reading up 

on the question as 

well as asking 

questions to their 

peers and instructor. 

The 

opportunity for 

students to 

discuss in 

groups the 

answers 

among each 

other gives the 

platform for 

defending and 

arguing one’s 

position as 

well as asking 

comprehensive 

questions. 
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Table 4.14 Continued 

 

Dr. Danner Makes use of the 

blackboard, 

PowerPoint, 

videos, handouts 

and in-class 

questions are part 

of his lecture style. 

When students 

work on problems, 

they are 

encouraged to 

work in groups. 

He works with 

whole class 

problems on the 

board and 

discusses answers 

from worksheets. 

This instructor does mostly 

create a platform of active 

student engagement in his 

classroom. He has student-

centered learning components in 

his classroom and a versatile 

way of presenting the material, 

which keep students engaged. 

His main focus, however, is 

lecturing. The level of 

engagement is more up to the 

students, since they are only 

encouraged to work in groups 

during sporadic activities. This 

leaves room for constructive 

interactions. The interactive 

mode of engagement is not as 

actively enforced and more up to 

the students themselves during 

activities. Activities are short, 

therefore less time for interactive 

engagement. 

Lectures and 

shows video 

as well as 

uses the 

board to 

describe 

concepts in 

multiple 

ways. 

His lecture provides 

his students with 

opportunities to take 

notes, especially 

through his versatile 

way of presenting 

the material as well 

as through his on-

board whole class 

exercises.  

Activities in class 

with student 

worksheets. 

Instructor walks 

around and helps 

students, answer 

students’ questions. 

Students ask 

questions during 

lectures as well as 

activities. During 

lecturing, he also 

used fill-in-the-

blank opportunities 

for students. 

- 
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Table 4.14 Continued 

 

Dr. Dana She uses 

PowerPoints, 

white boards 

located at each 

group table for 

group work and 

computer 

programs in her 

lectures. She poses 

many short 

questions to her 

students during her 

lectures (fill-in-

the-blank 

questions) and has 

multiple group 

work activities 

spread through her 

lecture. 

Her lectures are active and of 

fast pace. She constantly tries to 

engage her student with 

questions or group work 

activities. Her teaching style 

does encourage Active and for 

sure constructive mode of 

engagement the most. Some 

group work activities leave room 

for Interactive engagement, 

depending on her students’ 

involvement and interest to work 

with their partner. The time 

spend on task is short and does 

probably not leave room for in 

depth discussions. 

Short 

periods 

where she 

only lectures 

without 

asking 

students 

questions 

and 

instructing 

them on an 

activity. 

Manipulation of 

molecules on their 

PCs through 

individual and group 

activities. 

Lecture interspersed 

with many questions 

(fill-in-the-blank 

style). 

Visualization 

programs to 

manipulate. 

- 
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Table 4.14 Continued 

 

Dr. Dalton He writes on 

blackboard with 

chalk and talks 

through his notes 

while he does so.  

He checks in with 

his students 

visually a lot and 

asks his class 

question to check 

if they understand 

what he is 

presenting or need 

more clarification. 

He gives the 

platform for 

asking questions 

back, students use 

it. Rarely does he 

use hand-on 

activities in class, 

such as molecular 

model kits. 

The instructor writes freely on 

the board and tells his students 

about the concepts. He keeps eye 

contact and asks if anyone has 

questions or understands it. The 

level of how passive or active 

the lecture portion is received by 

the students is up to the learner 

more or less. He is mainly 

lecturing, and students are 

mainly taking notes and copying 

what he is writing, so therefore 

his main mode that he is 

probably enforcing is active 

student engagement. The 

interspersed Q/A give minimal 

room for constructive 

engagement. 

His teaching 

style is 

mainly 

dominated 

by him 

lecturing 

and talking 

through his 

notes, which 

he puts on 

the board for 

students to 

copy while 

he is talking 

through 

them.  

The instructor is 

giving the students 

the opportunity and 

is also expecting 

them to copy what 

he is writing on the 

board.  

Instructor asks 

continuously in 

lecture if all is 

understood or 

anything needs 

clarifications.  

Students ask 

questions during 

lecture freely, but 

more sporadically.  

- 
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Dr. Dolly She uses her 

PowerPoint to be 

projected on a 

white board. She 

writes with a white 

board pen onto her 

“slides”, talks 

through her slides 

in detail and poses 

multiple 

differently-natured 

questions to her 

students. 

Depending on the 

topic, she does 

have small student 

demonstrations she 

acts out with the 

class in front of 

the class. 

Her style of lecturing is mainly 

dominated by talking through 

her slides intensively, prompting 

many differently natured 

questions to her students 

throughout her explanations. 

From an observational 

perspective and through the lens 

of the ICAP framework, I would 

say that her lectures are 

dominated by an active student 

mode of engagement, however, 

through student questions as 

well as them taking notes and 

following her presentation, she 

does give room for constructive 

engagement.  

She mostly 

talks 

through her 

slides and 

checks in 

with her 

students 

visually if 

they are on 

board and 

understand 

everything.  

Instructor poses a lot 

of suggestive, 

rhetorical questions 

to her students 

during class. 

Students are mostly 

encouraged to listen. 

If she provides 

students with whole 

class demonstration 

exercises, she 

involved students 

and let them act out 

a biochemical 

concept in front of 

the class. This is 

mainly led by her 

talking through it, 

but she involves her 

students being part 

of the activity.  

- 
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Dr. Donna PowerPoint 

lecturing with a 

high amount for 

Q/A interplay 

between instructor 

and student is the 

dominating lecture 

style for this 

instructor. 

Student-lead 

questioning while 

presenting case 

studies, group 

work activities in 

class (quizzes), 

clicker questions 

as well as POGIL 

inspired questions 

are her student-

centered learning 

approaches. 

Her lecture, with her main 

feature of a continuous interplay 

between questions and answers 

during lecturing, is probably 

mostly leading to an 

constructive student 

engagement environment. 

Depending on the students 

generated question, and their 

responses, lecture can vary from 

passive to constructive. 

Sporadically, her students are 

given the time to discuss their 

opinions and viewpoints on 

solutions with each other, which 

would promote an interactive 

mode of student engagement.  

She is using 

a fast 

amount of 

her time 

during 

lecture to 

convey 

content 

through 

PowerPoint 

lecturing.  

Through her 

versatile ways of 

providing 

information, through 

case studies, videos, 

animations and 

such, she possibly 

gives her student the 

possibility to take 

verbatim notes. 

This instructor 

highly encourages 

student questions 

during lecture and 

has a constant 

question/answer 

teaching style active 

in class, which 

opens the platform 

for students to ask 

questions. This is 

also allowing the 

opportunity for 

students to take 

notes in their own 

words.  

Her group quiz 

activities in 

class could 

possibly 

provide 

students the 

time to discuss 

solutions with 

each other, in 

order to choose 

one for the 

group that they 

will then 

submit. 
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Dr. Magnus He uses the 

whiteboard to write 

on his thoughts 

during lecturing. 

Free speaking and 

free writing while 

he lectures is his 

style. He keeps 

looking at his 

audience, 

throughout talking, 

checking in on them 

with questions. He 

poses rhetorical and 

non-rhetorical 

questions to his 

students. 

His teaching style is dominated 

by active student engagement. 

He does freely lecture and 

explain things as he teaches 

biochemistry concepts. Through 

prompted non-rhetorical 

questions, he possibly opens up 

the platform to constructive 

student engagement from time to 

time. 

Lecturing 

while 

capturing his 

thoughts on 

a white 

board.  

He does not provide 

notes, so students 

are encouraged to 

write along. 

He emphasizes that 

students have to take 

their own notes to 

learn, so students 

are encouraged 

taking their own 

notes in their own 

words during class 

along with his board 

notes. 

- 

Dr. Manju PowerPoint 

lecturing and 

further explanations 

on white board with 

frequent teacher 

motivated 

questions. 

Occasionally, he 

involves students 

further by asking 

follow-up questions 

on their responses. 

His style of lecturing is mainly 

dominated by talking through his 

slides intensively, prompting 

many differently natured 

questions to his students 

throughout. From an 

observational perspective and 

through the lens of the ICAP 

framework, I would say that his 

lectures are dominated by an 

active student mode of 

engagement. This being said, 

his efforts on follow-up 

questions on student answers 

give potential room for 

constructive engagement. 

He is using a 

fast amount 

of his time 

during 

lecture to 

convey 

content 

through 

PowerPoint 

lecturing.  

Instructor poses 

many rhetorical 

questions to his 

students during 

class. Students are 

mostly encouraged 

to listen and taking 

verbatim notes.  

Sporadically, 

students are asking 

questions in class 

that are answered by 

the instructor and 

followed up with 

more questions from 

his side that gives 

the platform for self-

explanation and 

reflecting-out load. 

He calls it 

“discussions” in 

class. 

- 

 



230 

 

 

2
3
0
 

Table 4.14 Continued 

 

Dr. Maggie She uses a work-

sheet, in 

collaboration with 

her students, to 

work out through 

problems (group-

work, then 

instructor guided 

solution). She uses 

the doc cam 

extensively. Her 

lecture is an active 

group work 

endeavor with a 

Q/A structure. 

Mostly questions 

from her side, 

many from the 

students’ side and 

answers from both, 

her and the 

students. The 

students pick  

The range of mode of 

engagement is versatile. She 

does lead the in-class questions 

and answers in her lecture, 

however, her students do 

sometimes work individually 

and often in groups together, 

solving problems, so 

constructive engagement is 

probably the dominant mode of 

engagement. For interactive 

mode of engagement, a platform 

is given in her lecture, which 

does depend on her students’ 

willingness to participate. The 

group work activities I observed 

were rather short in their nature 

which provide less time to create 

an environment for discussions.  

Her lectures 

are rather 

short and 

guided with 

questions 

and student 

interaction. 

So, there is 

only a 

minimal 

platform for 

passive 

mode of 

engagement. 

When talking 

through problems 

and explaining 

solutions, she gives 

the students the 

opportunity to take 

verbatim notes as 

well as copying 

solution steps as she 

is outlining them.  

The instructor does 

provide her students 

with many 

opportunities to ask 

questions, during her 

lecturing and 

explaining a problem, 

as well as during the 

time when students 

work assignments in 

class. Her fill-in-the-

blank worksheets give 

also students another 

level of constructive 

engagement during 

lecture. 

- 

  2
2
1
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Dr. Mickey He uses the white 

board, videos as 

well as doc cams 

in his lecture. He 

does check in on 

his students with 

questions and 

encourages 

questions from 

their side. The 

intensity on how 

much questions he 

and his students 

ask vary from 

lecture to lecture.  

With his style of lecturing, he 

does promote a positive and 

encouraging atmosphere. 

Through showing the same 

concepts in different ways, he 

creates a platform of active and 

constructive student 

engagement. His student 

engagement is mostly active, 

since his major teaching style is 

lecturing, accompanied by a 

variable amount of questions 

from his and the students’ side. 

As listed with other instructors, 

depending on the students’ 

motivation, their level of 

engagement does potentially 

vary. A platform of interactive 

engagement is not encouraged, 

since no group work is actively 

assigned and discussion are 

hardly present as teaching 

methodology in his lecture. 

He uses the 

white board 

and lectures 

as he writes 

his notes on 

it.  

Through his 

lecturing style he 

encourages students 

to take notes during 

class on what he 

says and writes.  

His lecture is, on a 

varying basis, 

interspersed with 

questions form his side 

and the students’ side, 

therefore the level of 

potential constructive 

student engagement 

does vary. 

- 
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Dr. Brigid She has a continuous 

cycle of mini lecture 

and group work 

activities; may it be 

through group 

quizzes or worksheet 

activities. She uses 

PowerPoint to 

present questions 

and content 

knowledge to 

involve her students 

in questions and 

reiterate what was 

worked on during 

class activities. 

Her lecture style provides the 

students with a platform of 

constructive student 

engagement. With her 

continuously walking around 

and helping them to solve 

problems, she encourages 

working on tasks and 

questioning if material was 

well understood. Student are 

encouraged to work in groups. 

The extend to how much they 

are having conversations 

varies due to short term group 

activities and students seeking 

interaction or not. Mini 

lectures happen frequently 

during class. 

Minimal, 

since she is 

only 

providing 

her students 

with 

sporadic 

mini-

lectures. 

During mini 

lectures, students 

have the opportunity 

to take verbatim 

notes.   

During problem 

solving tasks, she was 

walking around and 

providing her students 

with thoughts and help 

on the problems to be 

conquered. Students 

are provided with the 

opportunity to ask 

questions, the 

instructor continuously 

was wondering around 

the room and assisting 

groups. 

During some 

longer group 

work 

activities, a 

platform for 

discussion 

might be 

created and 

empower an 

environment 

of defending 

and arguing 

scientifically

.  
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 Dr. 

Berry 

She uses POGIL this 

semester with a 

college to teach 

biochemistry. Her 

classroom is 

dominated by mainly 

group work 

activities, where she 

and her co-teacher 

walk around and 

check-in with 

groups, help their 

understanding of the 

material and ask 

questions to guide 

their understanding 

and productivity. 

Mini lectures are 

executed mostly at 

the end of lecture as 

a wrap up tool.  

Her lecture style provides the 

students with a platform of 

interactive student 

engagement. Since her 

students are most of the time 

working in groups, the 

platform of close peer-

interactions is given, as well 

as the potential for discussion 

where student defend and 

argue their positions. With her 

continuously walking around 

and helping them to solve 

problems, she encourages 

working on tasks and 

questioning if material was 

well understood. POGIL as a 

style of teaching is also 

encouraging dialoguing 

between students, which is 

characteristic for interactive 

engagement within the ICAP 

model. 

A short 

period 

during 

lecture is 

devoted 

instructor-

centered 

teaching. 

Even during short 

periods of mini 

lectures, instructor 

poses questions to 

students and 

encourages answers. 

This potentially can 

give students the 

opportunity to take 

verbatim notes and 

repeat their answers. 

This instructor highly 

encourages student 

questions during group 

work activities lecture 

and maintains a 

constant 

question/answer 

teaching style active in 

class, which opens the 

platform for students 

to ask questions. This 

is allowing the 

platform for students 

to take their own 

notes, reflect out load 

and explain concepts 

to their group 

members and the 

instructor. 

Since their 

group work 

activities are 

rather long 

(most time 

of class) and 

each group 

is visited 

multiple 

times during 

an activity, 

the platform 

for deep 

engagement 

in discourse 

is given and 

peer 

interaction 

largely 

enhanced. 
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 Dr. 

Bobbie 

She uses the white 

board and a handout 

for each class she is 

teaching. With these 

supporting items, she 

is teaching her class 

by working on 

problems with her 

students, first student 

group work, then in 

class presentation of 

answer. She does 

mini-lectures if she 

realizes multiple 

students are 

confused about a 

concept they need to 

know for solving the 

problems presented. 

Her lecture style provides the 

students with a platform of 

constructive student 

engagement. With her 

continuously walking around 

and helping them to solve 

problems, she encourages 

working on tasks and 

questioning if material was 

well understood. Student are 

encouraged to work in groups, 

some do work on their own, so 

there is a potential for 

interactive engagement, 

however, it might not be as 

reinforced as her teaching 

style would have the potential 

for.    

Minimal, 

since she is 

only 

providing her 

students with 

sporadic 

mini-lectures. 

Manipulation of 

tasks assigned to 

student groups 

could occur during 

solving problems 

assigned.  

During problem 

solving tasks, she was 

walking around and 

providing her students 

with thoughts and help 

on the problems to be 

conquered. Students 

are provided with the 

opportunity to ask 

questions, the 

instructor continuously 

was wondering around 

the room and assisting 

groups. Since no notes 

during lecture were 

provided, students 

were encouraged to 

take notes on their 

own words for 

clarification on 

questions and answers.  

Since her 

group work 

activities are 

longer and 

spread 

throughout 

her entire 

lecture 

period, 

discussions 

are likely to 

come up 

when 

students 

solve 

problems. 

 



235 

 

The figure below was generated to help visualize the results in a simpler way. From 

top to bottom in each engagement mode: the first instructor names listed underneath a style 

of student engagement resembled that style most adequately and allowed enough student 

engagement in their classroom to meet this particular style most of the time when teaching 

biochemistry. This does not represent a major distinction between my participants but 

rather gives a sense for the variety of teaching styles even within a certain group of student 

engagement. 

 

Figure 4.2 Predominant student mode of engagement sorted by teaching styles instructors 

provided potentially 

 

As shown in Figure 4.2 a majority of instructors provided evidence of teaching 

styles that supported a potential active mode or constructive mode of student engagement. 
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Only two out of the instructors met the criteria within the ICAP model to be grouped into 

the interactive mode of engagement, which is the most advanced mode that students can 

engage during class-time, and therefore learn the most, presumed by the ICAP framework 

(Figure 3.6). In this mode of engagement, students were encouraged to take part in 

discussions for example. However, many participants were able to be categorized into the 

second most active mode of engagement for students, the constructive mode of engagement. 

In this mode of engagement, students were given the opportunity to be more alert and 

engage more with the material through fill-in-the blank notes, which were deemed within 

the ICAP framework to be part of the constructive mode of engagement. In addition, many 

of my instructors were “only” providing an active mode of engagement for students, where 

a big emphasis during lecture was still on listening and taking notes. 

I was able to extract teaching methodologies that were used that have the potential 

to enhance the level of student engagement if implemented in the classrooms observed. 

This was especially true for classrooms where group work and activities were not yet 

present, but the start of more student engagement was seen. Admitting that these 

assumptions are based on speculation, I would still like to set the gained insights on 

potential student mode of engagement biochemistry classrooms provide into perspective 

what they could potentially provide in the future if certain teaching methods that support a 

specific mode of engagement were used more often and more extensively. For example, 

when looking at Table 4.14, Dr. Derrick’s teaching style was categorized mainly as active 

engagement. However, he did show potential for constructive student engagement, since 

he already tried to incorporate small group work interactions and activities in his classroom. 

Figure 4.3 tries to show on what level of student engagement some biochemistry instructors 
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would potentially be able to move up to, regarding the signs that were already visible in 

their classrooms. This is based on speculation of the potential that I saw in the classrooms, 

which could possibly encourage a more involved student mode of engagement. Instructors 

were only listed in Figure 4.3 if a higher level of student engagement was potentially 

enacted in the classroom due to certain teaching methodologies practiced. The way 

instructors are listed in this table has no relation to their degree of advancement in that 

particular mode of engagement.  

 

Figure 4.3 Tendency for potential room for student engagement in classrooms observed 
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When comparing Figure 4.2 with Figure 4.3, instructors whom I identified their 

predominant student mode of an engagement as active (Dr. Dalton, Dr. Danner, Dr. Derrick, 

Dr. Dixie, Dr. Dolly, Dr. Magnus, Dr. Manju, Dr. Mickey ) could, based on my beliefs, 

move up from the active student mode of engagement to the constructive student mode of 

engagement). As shown in Table 4.14 under the respective ICAP categories, instructors 

commonly showed signs of more student engagement, that could potentially, in my belief, 

encourage a constructive student mode of engagement. Instructors showed signs of either 

having students ask questions (Dr. Dalton, Dr. Dixie, Dr. Manju, Dr. Mickey), or 

encouraged students to take notes on their own (Dr. Magnus, Dr. Danner), or showed the 

start of potentially integrating more discussions in class (Dr. Derrick and Dr. Dolly). In 

Figure 3.5, the constructive student mode of engagement is described as providing the 

ability to generate something by the students. Taking notes in their own words, asking more 

questions, small discussions and short group work are all methods that could provide that 

mode of engagement. All those teaching methods would have to be done more extensively 

in class for instructors to provide more student engagement and reach the next student 

mode of engagement, however, because I saw signs that indicated, if done more in class, a 

more engaged teaching environment, I found it worthwhile reporting.  

The following instructors, I believe, could move up from predominantly providing 

a constructive mode of engagement to an interactive mode of engagement: Dr. Brigid, Dr. 

Bobbie, Dr. Dixie, Dr. Donald, Dr. Donna. Instructors that I cannot see move into a higher 

student mode of engagement would be Dr. Berry and Dr. Devora, who already incorporated 

teaching methods that engage students on the interactive student mode of engagement. Dr. 

Dana, Dr. Duna and Dr. Maggie have not revealed the use of any teaching methods that 
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would engage their students on a higher level of student mode of engagement. Dr. Dixie 

instead, showed the use of several teaching methodologies that could potentially support a 

constructive student mode of engagement (through encouraging more student questions) 

or interactive student mode of engagement (through giving room for discussions). 

Participants for whom I believe I can potentially see the platform to move towards the 

constructive student mode of engagement, if certain teaching methods were more often and 

extensively used in lecture. Dr. Dixie, Dr. Donald, Dr. Donna and Dr. Bobbie made use of 

short discussions in class. Dr. Brigid tried to incorporate longer group work activities. 

Longer discussions and group work could potentially provide the students with more 

opportunities to have dialogues in class and exchange ideas including defending and 

debating those ideas. “Dialoging” is a key aspect through which the ICAP model describes 

the interactive mode of engagement (Figure 3.5). Overall, it was interesting to speculate 

and see that over half of my participants have the potential to incorporate a higher level of 

student engagement.  

4.3.1.3 Challenges in Teaching Biochemistry – Current and Future 

4.3.1.3.1 Challenges with Current Style of Teaching – Missing Tools for Implementing 

Student-Centered Activities 

Engaging students is not an easy task to be incorporated into anyone’s teaching 

style. An instructor faces many obstacles when trying to do so. With this in mind during 

the interviews, I examined the challenges associated with making changes to current 

teaching styles.  

Challenges faced when teaching biochemistry were diverse for the instructors in 

this research study. The challenges that emerged from the data were categorized into three 
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main categories: challenges faced outside of the classroom, challenges faced inside of the 

classroom, and general challenges when making changes to teaching. 

 To help illustrate the information in the table, I use Dr. Derrick as an example, who 

has two entries in the table and the results presented in the table were all that his interview 

revealed. In the category “challenges outside the classroom”, he verbalized in the interview 

the challenge to know if the students were reading the material outside of class and 

therefore understood it. In the category “challenges inside the classroom”, his interview 

statements revealed his struggles with the implementation of group work, as the table entry 

reveals. None of his interview statements did align with any of the themes in the first 

category.  

The table generated, originated from the codes “teaching-role of importance”, 

“teaching goals”, and “teaching methods”. These codes were encompassing similar themes 

that related to instructors’ challenges faced with their current style of teaching. For that 

reason, they were analyzed together. Teaching methods mentioned in this table refer back 

to what my participants have elaborated on specifically during the interview. 
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Table 4.15 Challenges faced with current style of teaching 

  

Challenges outside 

the classroom 

Challenges inside the classroom General statements -  

Making changes to teaching 
T

y
p

e 
o
f 

in
st

it
u

ti
o

n
 

P
ar

ti
ci

p
an

ts
 

Outsourcing 

learning to students 

Engaging 

students 

Delivery of 

content 

Student 

population 

Time is 

research 

D
o

ct
o

ra
l 

g
ra

n
ti

n
g

 i
n

st
it

u
ti

o
n

s 

D
r.

 D
er

ri
ck

 Accountability to 

read 

Institute group 

work 

   

D
r.

 D
ev

o
ra

 

Give everyone the 

opportunity to take 

the course – 

established online 

version of course; 

not everyone can 

do online learning 

Institute group 

work with a big 

class 

So much 

content, 

opportunities 

to practice are 

challenging 

 

Building on 

prior 

knowledge 

when it is 

weak 

Various 

majors in 

class, getting 

all on board, 

not losing the 

weak or strong 

ones  

 

Being 

equipped with 

the adequate 

prior 

knowledge for 

the class 

 

Population 

must be 

prepared for 

active learning 

Flipped 

classroom is 

work intense 

D
r.

 D
u

n
a 

 Fill-in-the-

blank sheets for 

individuals 

   

D
r.

 D
ix

ie
 

Experience with 

success  

Engaging in 

discourse  

Amount of 

PowerPoint 

slides can be 

overwhelming 

vs. 

Deliver 

content 
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D
r.

 D
o

n
al

d
    Population 

must be 

prepared for 

flipped 

classroom 

Flipped 

classroom is 

work intense 

D
r.

 D
an

n
er

 
  Change 

examples to 

motivate 

yourself 

 

Deliver 

amount to not 

fail students 

  
D

r.
 D

an
a 

 Diverse 

background 

students bring 

into class 

 

Make group 

work more 

challenging 

 

Balance, group 

work/individual 

work 

 

Improve Q/A, 

make it 

challenging  

 Diverse 

background 

students bring 

into class 

 

Improvement 

on teaching is 

time intense 

D
r.

 D
al

to
n

 

  Make lecture 

more 

interactive, 

more 

visualizations 

vs. 

Get through 

content  

  

D
r.

 D
o

ll
y
  More follow-

up, more in-

depth questions 

during lecture 

   

D
r.

 D
o

n
n

a  Engage more 

people in class 

Too much 

content, no 

idea where to 

cut 

 Teaching 

improvements 

take time 
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g
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n
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n
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o
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D
r.

 M
ag

n
u

s 

 Increase student 

participation, 

asking 

questions, 

answer 

questions 

   

D
r.

 M
an

ju
 

Accountability to 

read 

Establishing a 

productive 

discussion 

environment – 

but people do 

not always 

show up, and 

groups are not 

accountable for 

another 

Content is too 

much to cover 

in class, put it 

online, but 

then only a 

third reads it 

(see category 

outside the 

classroom) 

  

D
r.

 M
ag

g
ie

 

 Engage more 

people in class 

 

Create and 

implement 

more POGIL 

exercises 

Still lectures 

too much/ too 

much content 

to deliver 

  

D
r.

 M
ic

k
ey

 

  Using lecture 

can be 

challenging for 

students – 

intensive 

listening time 

Student 

population is 

not the right 

one for more 

engagement in 

class, e.g. 

POGIL 

 

B
ac

h
el

o
r 

g
ra

n
ti

n
g

 i
n

st
it

u
ti

o
n

s 

D
r.

 B
ri

g
id

 

Rough student 

evaluations on 

student-centered 

teaching methods. 

Challenge if 

college is not 

supportive. 

It is hard to 

focus students 

on case studies 

 

 

More 

application, 

but that 

sacrifices 

content 

 

Only POGIL 

would not 

convey all the 

knowledge 

necessary 

“Students are 

reluctant to 

change” 

 

D
r.

 B
er

ry
 Accountability to 

read 

 Sometimes 
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In the Category “challenges outside of the classroom”, instructors mostly biggest 

concerns were with regard to the theme “outsourcing learning to students”. Within this 

theme, instructors voiced the concern of getting students to be accountable for the reading 

they should be doing outside of class to be prepared for group work activities, as 

highlighted through quotes by Dr. Derrick and Dr. Manju: 

In [course X] and in [course Y], I'm putting together a story based on a lot of 

different sources. I feel, they don't have time to go to all these sources and read all 

these primary papers or whatever. So, I'll help them out. I think some of that's 

necessary, but maybe the journey, having them go through the process a bit 

themselves will make it stick better. So that's a balance I haven't figured out. How 

much should they be doing themselves? (Dr. Derrick, interview) 

 

And it's always 30% of people read it, and 70% don't read it, because I already 

know lesson one, and they don't. So that's the challenge to make them realize. I try 

to put as much information as I can on the [online platform] separately rather than 

just giving my lecture notes or something like that, so they can prepare themselves 

for the next class. It never happens, you know? (Dr. Manju, interview) 

 

Dr. Berry had similar issues, however, she seemed to be successful with finding solutions 

by implementing reading guides, to have her students read before class.  

I think what it does is it puts preparation on the students in when I lecture they tend 

not to read before they come to class because they know I'm going to tell them what 

they need to know and so they'll just take notes instead of reading before they come. 

What was transformative was the use of reading guides where instead of [inaudible 

00:17:38] you need to read exactly this section. Instead of it being these 20 pages, 

it'll be focused on these five pages, but I'm going to ask you questions before you 

come to class and I'm going to basically be doing class specifically on those parts 

of the chapter. For example, when we did membrane transport last week, we didn't 

cover everything in the chapter. We focused on a couple of examples; so getting 

them to focus their reading on specific portions. They actually will prepare for class. 

(Dr. Berry, interview) 

 

Another set of concerns voiced by some instructors were the student-evaluations one would 

get when implementing a student-centered classroom environment.  

I tried to do some of this stuff, and the students didn't like it because it wasn't what 

other people were doing, and therefore I got bad student evaluations. (Dr. Brigid, 

interview) 
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Dr. Bobbie stated: 

Dr. Bobbie: Because they aren’t prepared because no one else has done this for 

them. If I wanted to get good teaching evaluations I would give a 

lecture. 

 

Researcher: Yeah. You mentioned that when we were, when I was observing 

your class you said that the teaching evaluations are not as good as 

compared to if you were to just give a straight lecture. Do you think 

that that comes from just challenging them more and they don’t 

appreciate that part? 

 

Dr. Bobbie: Yeah, I know that’s what it comes from, but I also know that when 

they go somewhere else and they find out that they are biochem is 

better than other people’s, their understanding of it is way better and 

they are like returning for their class in med school and so forth that 

then they are proud of it. Pass their, when they pass their exam or 

when they get their first publication early because they really know 

the material and they understand it and they can do it and write about 

it and so forth. Then they are happy and proud about it, but while 

they are going through it it’s tough. (Dr. Bobbie, interview) 

 

Related to challenges inside the classroom, participants discussed “engaging 

students” and “delivery of content”. One concern raised was instituting group work. This 

concern was voiced from two different angles. 

Dr. Derrick voiced his concern with not having the right toolbox to improve his 

group work engagement:  

I think one of the challenges that I still have is the nature that all students have the 

ability to get support from each other because you might have some students who 

know each other already and they work together, but then there were some others 

who for whatever reason don't have that support group and they're at a disadvantage 

if they won't come to see me, which they usually don't. So unfortunately, from what 

I've heard, you really can't institute work groups. The students hate that if they said, 

"Oh, we'd have to work with X when we don't know this person," or whatever. So 

I don't know really the solution to that, but I think teaching comes from many places 

and from each other as well. So ways to increase that would be helpful I think. (Dr. 

Derrick, interview) 
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Dr. Manju voiced the disappointment that his students were not interested in working with 

each other since they did not know each other. He was also not sure how to overcome that 

boundary: 

Dr. Manju: Let's see I want them to discuss among themselves, but it takes a 

little bit more time. Because if I ask, "Why this guy's not there?" 

"Oh, I don't know I'm not his friend, he's just in my class." So, their 

personal interaction if it's there more then it will be much better. 

 

Researcher: Okay. So you basically also say that because they don't know each 

other necessarily, and don't feel so comfortable maybe talking to 

each other, group work is also more challenging in terms of that? 

 

Dr. Manju: Exactly, yes. (Dr. Manju, interview) 

 

Dr. Bobbie voiced a similar concern: 

Although sometimes it’s not like that, group work ... That particular class group 

work they were like no. Like, “We don’t like group work,” terrible. […] Especially 

not random group work. They liked group work with their friends but not, if I had 

randomly assigned them they have a real it’s like, “Don’t make us do that, that’s 

awful.” (Dr. Bobbie, interview) 

 

Dr. Devora pointed out that it was particularly challenging to institute group work in a big 

class like she was teaching. 

Dr. Devora: […] because I'm not getting optimal engagement. I don't know what 

optimal engagement is. It might not be 100% engagement but 

creating a system where the students feel like it is as effective as I 

believe it is, because some of them are just flat out like, "Group work 

isn't good, and so-and-so isn't doing whatever." […]  

 

Researcher: […] But then, I mean, you have now a class of like two to 300 

students, and you still do this group work. 

 

Dr. Devora: Yeah, it's really hard. It's really hard. (Dr. Devora, interview) 

 

Another obstacle involved the challenge of engaging students to be more activities in class. 

Dr. Donna faced the challenge of peer instruction in class and students’ resistance to that: 

Yeah so, me just standing up in the front of the classroom talking at them is not 

them learning. And that's something that I struggled with in terms of getting my 
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students to understand that. So especially at the upper level class, they expect to be 

lectured at. So that's been a struggle for me in terms of balancing the amount of 

direct instruction versus peer instruction that I have them do. (Dr. Donna, interview) 

 

As mentioned before, Dr. Derrick was struggling with the question of how much he could 

trust his students to inform themselves, without him checking again and reiterating in class: 

[…] I'm putting together a story based on a lot of different sources I feel, they don't 

have time to go to all these sources […] maybe the journey, having them go through 

the process a bit themselves will make it stick better. So that's a balance I haven't 

figured out. How much should they be doing themselves? (Dr. Derrick, interview) 

 

Dr. Dana worried about her activities, if they were challenging enough: 

Some students in the evaluation think it's a little too much, or they say the questions 

occasionally are too simple, and they don't need that much time to discuss in groups. 

So I think I need to look at the questions I ask, and have a list of questions that are 

much more challenging for the group work. So, I think I could improve on that a 

little bit. I think the activities are very useful, and I think the one-on-one computer 

work where they're doing something on PyMOL or that works very well for the 

more introverted students in class, the group activities favor the people who like to 

talk, and the shyer ones I think are not comfortable with that, so some individual 

activities ... A better balance I think would help with some of the shy students 

feeling comfortable in the class. I'm conscious of that because I'm a little on the 

extroverted side, but the introverted students don't like group work all the time. It 

doesn't mean we're not going to do it, but I need to have a balance. (Dr. Dana, 

interview). 

 

Many instructors also raised the concern of how difficult it was for them to speak 

to the students, so they would be engaged –asking the right questions or getting them to 

“buy into” the activities provided, as mentioned by Dr. Berry, Dr. Brigid and Dr. Maggie. 

For example, Dr. Berry stated: 

I think the biggest challenge for our class is getting students to buy-in. […] We 

look at saying what and so trying to get student buy-in in the sign posting is always 

a challenge. My plan on Monday when I'm back up is to say, "Hey, guys, it's almost 

the end of your junior year. Do you realize after next year, you're not going to have 

a faculty member to ask these questions to and that the reason we do this is so you 

can learn the material on your own," and to remind them that's the point of a college 

education to teach them how to learn on their own buy-in. […] we still get resistance 

(Dr. Berry, interview). 
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Another challenge inside the classroom was the delivery of content. With many 

topics to cover in biochemistry, there was hardly any room to practice concepts. 

Dr. Manju: Because of the time constraints, you cannot have everything, plus 

you have to finish the course, all the things, within the given 16 

weeks’ time. So, it's tough, you can't have more discussions giving 

them just discussing the topic or asking them to give a presentation 

in that one. […] .  

 

Researcher: […] you mentioned earlier that you thought that these very brief and 

very short problem-solving questions that you basically have in your 

class that the reason they are so short is because you have to go 

through so much material, right? 

 

Dr. Manju: Yes, so much material.  (Dr. Manju, interview) 

 

Dr. Devora had a more relaxed view on shortening her lecture content when it came to her 

student-centered heavy teaching style: 

Researcher: Do you feel ever you have to cut back on content that you teach 

while doing all these active learning techniques? 

 

Dr. Devora: Yeah. I don't care. You teach them how to learn, they can teach 

themselves. It doesn't matter, so I'll just cut something out. Now, I 

don't want to cut out photosynthesis. I'm not a plant scientist, and it's 

not just because there's plant people here in the College of Ag, but 

it's more because that's the other half of carbon metabolism. For me, 

it helps you understand this if you've learned. (Dr. Devora, interview) 

 

However, instructors also voiced positive effects from more student-centered teaching 

methods, where content was removed, but student learning increased: 

Researcher: Do you ever fear, oh my god, we didn't cover this part and they really 

need to know that to move on? Is that ever something that makes 

you be a little bit - 

 

Dr. Berry: Yeah. That's what I end up supplementing. I end up supplementing 

because I don't feel the content is always exactly what I want to 

emphasize. You're right. There is some content lost, but we actually 

use the exact same sets of running our tests as we used to. They're 

just better able to answer the questions than they used to be. We see 

the quality of the answers go up. (Dr. Berry, interview) 
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Even instructors with a student-focused teaching approach voiced the obstacle of 

having to walk a fine line between too many activities and conveying enough material. 

Application is great, and if I can incorporate it, we talk about certain diseases. Like 

a couple weeks ago, we were talking about phenylketonuria, and why does some of 

the population have this? How do they test for it? They're really interested in all 

that sort of things. I think I would like to work more on application stuff, but again, 

that takes a lot of time, and you have to sacrifice content then. (Dr. Brigid, interview) 

 

Some instructors thought, that lectures were most appropriate to deliver content in their 

biochemistry classes, as Dr. Derrick and Dr. Mickey each stated. 

[…] I'm familiar with the idea there of having the students work on problem solving 

in the class where you're available to help them out. I just never in my own mind, I 

couldn't figure out how to get it to work. I still feel, maybe it's my traditional 

upbringing. I still feel that I should be there to provide the content or at least. (Dr. 

Derrick, interview) 

 

I'm a traditional lecture person. To me, that's efficient. It gets things done quickly 

and efficiently. (Dr. Mickey, interview) 

 

When talking about these issues, some instructors expressed differences between the 

teaching of general chemistry and biochemistry. Dr. Donna brought up an interesting 

conceptual difference between those two courses and why she felt less able to implement 

active learning in her classroom, compared to her general chemistry classroom: 

Dr. Donna: I think I do a better job in my gen chem class of doing more group  

  instruction. 

 

Researcher: […] Yeah okay, I think you already answered the question how your 

teaching practices changed with that one example where you said, 

"Well, my POGIL did not work out the way I wanted it to." Does 

your style of teaching vary amongst different classes when you teach 

different? 

 

Dr. Donna: Yes, very much so. 

 

Researcher: Why and how so? Can you give me some examples? 

 

Dr. Donna: So, for gen chem I do more of a scale up approach to instruction so 

there's a little bit of direct instruction but for the most part, they're 
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exploring the concept in class or they're applying it. There's very 

little direct instruction. So, there's lots of modeling activities, there's 

lots of understanding the concept that's behind what's going on. And 

then for ... But I also have a lot of support in that class, so I have a 

TA in lecture, I have two learning assistants and I have a SI 

instructor for forty-eight students. […] So, all of my classes are 

based on learning objectives. So, I have learning objectives for every 

unit and so I pick and choose what I want to do with them. So, the 

activity I do with them pretty much covers a lot of the objectives for 

that day. And then I do a little bit of intro stuff, it's also a seventy-

five-minute class. So I do fifteen minutes at the beginning and 

fifteen minutes at the end and then we are working with the material 

the rest of the class. Very very rarely do I lecture the whole time. I 

actually don't know if I've ever lectured the whole class. 

[…] […] So that's what I've been struggling this semester to try to 

figure out is how to help my students apply information and helping 

teach them that skill and I'm not there yet. […] I feel confident in 

my collection of what I can get rid of in gem chem and what I need 

to focus on in gen chem versus what I can cut and what I can focus 

on in biochem. (Dr. Donna, interview) 

 

For her, teaching general chemistry came easier and fitted more into a natural progression 

of transforming her classroom. This was, as expressed in her teaching philosophy, merging 

her classrooms more and more into an actively engaging environment. For her, 

methodological knowledge did not transfer between these two courses.  

For Dr. Dalton, studying chemistry needed more practice than studying 

biochemistry, therefore, less activities were naturally needed in biochemistry than in 

chemistry classrooms. 

Dr. Dalton:  In most other classes, I also teach nursing chemistry, which is much 

different. Let me see, the biggest difference would be that it's not as 

content heavy and a lot more practice examples and problems done 

in class, that would be the biggest difference. 

 

Researcher: Where does that difference come from? Why is that chemistry class 

so practically oriented and biochem not? 

 

Dr. Dalton: The nursing chemistry is kids who've never had chemistry before, 

basically. Or they had chemistry in high school. […] So, they're at a 

level where the ... Let's see. Say they're gonna learn chemical 
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reactions, the subject chemical reactions is not very extensive in 

terms of having to learn new facts, but being able to balance a 

chemical equation takes some practice. For that reason, I think. (Dr. 

Dalton, interview) 

 

Similarly, Dr. Duna stated: “I mean in Gen Chem there's a lot of problems to solve. Right? 

I mean its concepts but within a discrete example they can solve.” (Dr. Duna, interview) 

Some instructors also saw challenges with the new technologies introduced in the 

classroom that could overwhelm students, for example, since so much content could be 

delivered in such a short amount of time through the use of PowerPoint, as highlighted 

through quotes by Dr. Dixie and Dr. Mickey: 

Presenting facts from a textbook through a PowerPoint lecture can be an efficient 

way to transmit information, but in many cases important details are omitted or too 

much information is presented at once, and the links between the material presented 

and how it actually impacts students at a basic level is lost. (Dr. Dixie, interview) 

 

Even for instructors who were not using PowerPoint in their lectures, they identified 

challenges for their audiences when only conveying content through lectures. 

That said, I do occasionally get some things like, you know, for a while I was using 

PowerPoint slides, and students asked that I stop using those. Again, it was very 

fortunate. I had a class where I was writing on the board and lecturing, and then I 

started using PowerPoint. They told me, "Go back to writing on the board," because 

it slows me down. (Dr. Mickey, interview) 

 

Another concern that was brought up focused on how lecture content could be 

changed to keep the material interesting, in particular for instructors who might teach a 

course over and over again and have to stay motivated (e.g. Dr. Danner). 

Another main set of concerns involved equipping students with what they needed 

to survive in an active learning environment, as voiced by Dr. Berry, Dr. Bobbie, Dr. Brigid, 

Dr. Devora, Dr. Donald, and Dr. Mickey. Quotes from Dr. Berry, Dr. Bobbie, Dr. Donald, 

and Dr. Mickey are given below: 
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[…] they need to get the big picture by doing the reading assignment and then you 

focus on a narrow part in class. Which might make some people uncomfortable, but 

as I said, my goal is not to teach them all of biochemistry. You have to embrace 

that first and say, I can't teach you everything. I can teach you how to learn it. (Dr. 

Berry, interview) 

 

They also, I mean some of them I think feel like it’s too much that they are not 

ready. They are not, that they are really not bringing a skill set that has prepared 

them for this kind of learning and I think they are, I think some of them are right. I 

mean I think they are right. (Dr. Bobbie, interview) 

 

The key ingredient I think is that now we're starting to have students that go through 

gateway courses and have done flipped gateway courses, so they're more ready to 

get into total flipped. (Dr. Donald, interview) 

 

To do POGIL right, the student has to do a lot of the work themselves, and I learned 

early on that a lot of first-generation students aren't quite ready for that yet, so that, 

yeah. That's why I moved away from that fairly quickly. (Dr. Mickey, interview) 

 

The last theme I distilled from my data within this context dealt with the well-

known fact that time spent on teaching in taken away from research. Instructors 

emphasized the extensive amount of time it takes to implement active learning 

environments; although, they would like to change and improve activities, as noted through 

quotes by Dr. Donald:  

My basic thought is, if your job is only teaching biochemistry, which is not the case 

in most universities, then something like what I'm doing could be done. But if you're 

still managing a couple of research grants, and you have way over half your time 

doing research, and you might not be doing the experiments, but you're getting all 

the stuff that your graduate students and post docs need, then this is hard to do 

because the flipped takes time. (Dr. Donald, interview) 

 

Dr. Donna voiced that fact that she misses resources she could use to save time: 

And so, I reached out to get her power points because again, I don't have time to 

completely start from scratch with anything. And I got her power point, I got part 

of her activities, so I embedded a modeling activity as homework in the class […] 

(Dr. Donna, interview) 

 

The overall concerns raised by participants involved a lack of knowledge of how to 

appropriately implement evidence-based practices in their classrooms. Often, they were 
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missing the “tool-box” to draw from and change up their methodologies or simply have 

examples to pull from and use in their classes. Concerns were also raised about transferring 

skillsets from general chemistry to biochemistry in order to successfully implement active 

learning strategies. Concerns were also expressed that were related to students’ ability to 

learn on their own, not knowing where to edit the material to incorporate time for any 

activities, and the time-intensive task of making changes to incorporate more student-

centered activities were also brought up. Concern about getting students to prepare 

adequately for class among different types of learning styles was holding many of the 

participants in this study from being more exploratory with respect to student-centered 

teaching methods. 

4.3.1.3.2 Challenges Regarding Future Improvements towards the Implementation of 

More Student-Centered Teaching – Tools and Usefulness  

This next table (Table 4.16) summarizes the obstacles and challenges instructors 

faced that prevented them from incorporating more student-centered teaching 

methodologies into their classrooms and originated from the codes “teaching methods-

improvements”, “teaching methods-creativity”, and “future of teaching biochemistry” 

(Table 3.5, Figure 3.8). Three categories were identified: “professional influence”, 

“personal reasons”, and “making changes to teaching” (a more general category). 

Overlapping challenges were identified between this and the previous table presented, 

which will be highlighted within this section of my results chapter, below this table. This 

time, I summarized comments provided by my instructors, instead of using marking an “x” 

in the appropriate cell. 

Using Dr. Maggie as an example, I will discuss the results from her interview to 

assist in the understanding of the table. Dr. Maggie’s comments during the interview, 
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within the first category “professional influence”, related largely to the theme “delivery of 

content”. She emphasized that time was limited and student-centered teaching takes time 

and content needed to be delivered. Dr. Maggie requested, after member-checking, that the 

themes “logistics (class size, population) was also relevant for her, she stated in an email: 

“I would add “Logistics” to my table, as I find large classes limits how well I can implement 

group activities. I find that effective group activities tend to need a lot of feedback. If I 

have a class of over ~35 students, I tend to do fewer of the more intensive group work 

activities for logistic reasons. I do shorter activities, where I can give feedback at the 

regular intervals to the whole class.” Because of her request, I added a comment, 

summarizing her views, under the theme “logistics”. No other participants requested any 

changes or additions after member-checking was done. Within the second category, 

“personal reasons”, Dr. Maggie valued personal interactions highly in class (see theme 

“human interactions valued”) and voiced her concern transitioning into a flipped classroom 

setting, since she did not believe students learned outside of class that well. Her interview 

quotes did not provide any data to support the third category, which is why there are no 

comments to be found for her in that section of the table. 
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Table 4.16 Continued 
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ments take 

time 

 

D
r.

 M
ag

g
ie

 

   Student-

centered 

learning takes 

time, content 

needs to be 

delivered 

Big class 

size 

restricts 

amount of 

activities 

  e.g. no 

flipped 

class-

room, 

students 

learn in 

class 

  

D
r.

 M
ic

k
ey

 

Saw failed 

flipped 

classroom 

examples 

  Student-

centered 

learning takes 

time, content 

needs to be 

delivered 

   Direct 

feedback 

from 

students 

missing 

during 

lecture 

when 

student-

centered 

learning 

in place 

(group 

work) 
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Table 4.16 Continued 

B
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el
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r 

g
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n
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n
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n

st
it

u
ti

o
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D
r.

 B
ri

g
id

 

   Student-

centered 

learning takes 

time, content 

needs to be 

delivered 

 

Fear of 

managing 

crowd to stay 

on task and get 

through 

material, using 

POGIL, case 

studies 

  Doubt on 

usefulness 

of 

watching 

videos 

over and 

over again 

in flipped 

classroom 

learning 

 

Books are 

more 

useful than 

videos  

   

D
r.

 B
er

ry
 

   Students are 

not their best 

teachers, 

flipped 

classroom 

would not 

work 

 

Also she wants 

her students to 

learn reading, 

so will stick 

with reading 

guides 

PLTL 

implementa

tion: 

logistical 

issues; 

students 

want 

faculty to 

lecture 

   Student- 

centered 

teaching 

development 

takes time 

 

D
r.

 B
o

b
b

ie
 

   She has good 

results the way 

she does it 

now 

    e.g. flipped 

classroom is 

too time 

consuming 

in 

preparation  
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The category “professional influence”, encompassed themes I saw that were 

influenced by any interaction instructors had that influenced the choices they made for 

future implementation of a more active classroom setting. For some instructors, the failed 

implementation of student-centered methods was enough reason to not try it in their 

classrooms. For instance, Dr. Dolly and Dr. Mickey saw a failed implementation of a 

flipped classroom setting that made them more resistant moving toward a flipped 

classroom setup, let alone implementing it (e.g., Dr. Dolly, Dr. Mickey). 

If I want to try, and if it's a reasonable, I think I have in some modified ways, but 

we have seen demonstrations of a FLIP classroom, and I don't think I'm in for it. 

(Dr. Dolly, interview) 

 

When I was at [XYZ] College, there was an organic faculty member who used 

something similar. It wasn't called POGIL. […] but kind of the same idea as the 

POGIL system. I was not involved in that class, […] and I had the fortunate ability 

to see her students before that and then after she tried that, for several years, both 

before and after, and there was no difference in the level of student […]. The 

students who came out of the POGIL-like system tended to be a little less prepared 

students who came out of her traditional lecture type. Yeah, a little less prepared. 

They didn't quite have the breadth of knowledge that the students in her traditional 

lecture format had. (Dr. Mickey, interview)  

 

However not only seeing techniques being implemented less successful, but also only 

hearing about it was enough to convince instructors not to try out these techniques in their 

classroom. 

I mean, right now, it's largely anecdotal. My neighbor across the street in another 

department at the university says, "Oh, yeah, those flipped classrooms don't work 

at all," and stuff like this. He's pretty high up in the administration, but that doesn't 

mean he knows what's going on. Maybe it's too early to tell. I don't know. I mean, 

redesigning teaching is something that's been going on ever since teaching started. 

So, I don't know the answers. (Dr. Derrick, interview) 

 

Another reason for experiencing more obstacles with student-centered teaching methods 

was due to instructors not knowing enough about these less traditional teaching 

methodologies. During the interviews, the instructors discussed student-centered teaching 
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methodologies they heard about and they felt reluctant to try it out in their classrooms. In 

many cases, instructors brought up the flipped classroom setting and voiced their concerns. 

For example, Dr. Duna talked about not knowing enough about alternative teaching 

methods in general: 

I don't know how I would do group work in Biochemistry necessarily. I don't even 

know how that would work. Are they going to teach each other glycolysis? I have 

no idea how that would work. You know? […] (Dr. Duna, interview) 

 

In addition, Dr. Danner, Dr. Dalton, Dr. Dolly, Dr. Manju also voiced the concern about 

not knowing enough to implement a flipped classroom setting. Dr. Danner, for example, 

raised the issue of his class being too big to implement such a drastic change as a flipped 

classroom environment: 

But things like flip classrooms in a class of that size are off limits. I would find it 

hard to teach it other than making it mainly traditional lecturing course. […] I can't 

flip the classroom, so that would be a no-no. […] It's too big. And I don't know too 

much about it. As a student I once a long time ago experienced something like this 

where, it was a seminar course, and groups of students had to present to the rest of 

us on topics and there was an exam at the end. The big concern there was some 

students aren't as good as others. They'd do a shitty job at presenting something to 

you, and then you get tested on it, then you're screwed. That would be one concern. 

But I think you can work around it by interfering if needed or checking on stuff 

beforehand. I don't – […] That was sort of a flip class. I don't think that was done 

intentionally as a teaching technique. It just panned out that way. In the big class, I 

don't think you can do that. I would have to learn how to do it. What other 

techniques are out there? Do I need to know any that - (Dr. Danner, interview) 

 

The possible implementation of group work was also a challenge instructors struggled with. 

For instance, as voiced by many in the previous section about challenges faced within their 

current style of teaching (e.g. Dr. Derrick). 

On a professional level, instructors voiced their concerns about meeting their 

responsibility to deliver the content in their classes, when instituting more student-centered 

teaching, which in their opinion took time. Many instructors voiced that concern, such as 
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Dr. Dalton, Dr. Donna, Dr. Magnus, Dr. Manju, Dr. Maggie, Dr. Mickey, Dr. Brigid. Dr. 

Dalton said the following as an example: 

Dr. Dalton: Yeah. There's a lot to be said for group work, and of course we do 

that in the lab, but I've never been able to figure out how to cover 

the material and still take time for working through a set of problems 

as a group or whatever for some kind of group work. It's a challenge 

that I've never, maybe I've just never put in enough work to get over 

it, but ... 

 

Researcher: You've never tried it, really, because you were never sure how to  

implement it, is that true? 

 

Dr. Dalton: That's it, yeah. […] The implementation has to do with getting 

through ... Let's see, let me put it a different way. I always felt that 

doing group work would mean having to give up on some of the 

material that I felt needed to be taught. (Dr. Dalton, interview) 

 

Dr. Mickey also voiced uncertainty about how successful it would be: 

Science is content-based. We're heavy on content, and I'm always a little worried 

about flipping classrooms. Will I get through the content that I need to get through 

so the students have that good understanding when they leave? Will I be able to get 

through all that content with the classroom? (Dr. Mickey, interview) 

 

Dr. Duna was also skeptical towards the implementation of student-centered teaching: 

Researcher: Okay. From all the other, making the lecture ... I mean regardless of 

the amount of students that you have to teach actually in 339, if we 

look at making more active, more interactive, more than talking to 

each other, what are the reasons that prevent you from implementing 

that?  

 

Dr. Duna: Because I don't think that what they're saying to each other is 

necessarily correct. That's [inaudible 00:38:45] the problem.  

 

Researcher: Them communicating knowledge to each other, you don't think that- 

 

Dr. Duna: But they don't have the knowledge to communicate. That's my 

problem. Right? […] Right? I mean they're going to sit there and 

pass misinformation to each other. It just seems ... I don't know. (Dr. 

Duna, interview) 
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Within that context, instructors also emphasized the concern of not having enough time in 

the classroom to have students learn and implement a multitude of student-centered 

learning techniques, since the content still must be delivered in class. This concern was 

similarly expressed within the context of challenges they faced with their current style of 

teaching and methodologies they used. This was even true with instructors who already 

provided a largely student-centered classroom environment (e.g., Dr. Donald). Dr. Derrick 

raised the concern that the could not trust students to learn outside of the classroom, as also 

stated under Table 4.15. These concerns were similar to the ones Dr. Dixie brought up. 

Other instructors voiced the concern about students not being the best learners and not 

being able to grasp the material on their own outside of class, as voiced by Dr. Derrick in 

the table mentioned above.  

Moreover, instructors also raised concerns that they were afraid of letting students 

be more in control of their learning in the classroom and not being able to manage the 

crowd and have students stay on task to make this a rewarding experience, which was 

raised by Dr. Danner and Dr. Brigid for example. However, the contrary was also true for 

one instructor, who raised the fact that she felt comfortable in how she was running her 

student-centered classroom right now and she did not see the need to make changes to her 

teaching. However, Dr. Bobbie was an instructor who already carried out student-centered 

teaching in her classroom with confidence. 

In the context of logistical reasons preventing the implementation of more student-

centered methodologies, instructors voiced their concerns regarding the class sizes they 

were teaching. Dr. Danner did not think that a more active classroom environment could 

be implemented with the class size he was teaching in the biochemistry course observed. 
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He especially pointed out the flipped classroom setting, as mentioned earlier in this section. 

Other instructors, such as Dr. Berry thought that class size did not matter to make activities 

a part of your teaching: 

I don't think that class size should limit what you do. I think you can do active 

learning. You have to tailor them and might need to develop different, like I might 

use the manager time keeper secretary roles more strictly in a bigger class but 

because they're small I can circulate more. […] I don't think class size - I think you 

can do it, it's just a matter of whether you're willing to figure out how to make it 

work for your population. We do shuffle groups on a pretty regular basis to try and 

even things out. (Dr. Berry, interview) 

 

In addition, Dr. Manju also voiced the issue of his students not being ready yet for 

such a chance and that much autonomy. This was also pointed out as an obstacle to face 

when I presented their challenges they faced with their current styles of teaching, earlier.  

Instructors also discussed the fear of failing and the concern of implementing 

student-centered methods, (Dr. Dixie, Dr. Danner, Dr. Derrick, and Dr. Duna), as personal 

challenges they faced, as voiced by Dr. Derrick and Dr. Duna separately:  

[…] but I'm familiar with the idea there of having the students work on problem 

solving in the class where you're available to help them out. I just never in my own 

mind, I couldn't figure out how to get it to work. […] It could be a disaster. So I am 

concerned. (Dr. Derrick, interview) 

 

Right now it's ... I mean I'll change it on the fly if it feels wrong, and I'll do it but 

it's working. I don't want to break it. Let's put it that way. (Dr. Duna, interview) 

 

These concerns also extended to instructors not wanting to fail their students when 

implementing something new that might not work (e.g. Dr. Duna) However, Dr. Bobbie 

brought up the fact the more student-centered teaching she had implemented, the better she 

felt about their learning experiences: 

I was worried about the students that we lose all of that right. The students that 

don’t get baffled or no struggle and never really understand like how to learn. They 

don’t get the material, they don’t get the content either so that’s sort of a failure on 



265 

 

our part. I think those students are fewer and fewer the more freedom I allow them, 

the fewer of those there are. (Dr. Bobbie, interview) 

 

During the discussion of possible teaching methods instructors heard about or 

would like or not like to try, the topic of online learning came up. Some instructors raised 

the concern of the loss of a human dimension in their classroom (e.g. Dr. Duna, Dr. Donald, 

Dr. Maggie). An exemplary quote by Dr. Dolly summarized many concerns: 

Again, I'm more of human powered interaction, is important in this teaching. When 

you're doing FLIP, you have to get that understanding then at home. And I don't 

think it's going to work well in biochemistry. It’s new concept that they need to 

learn how to organize it in classroom. So, I think FLIP can be used in other context, 

maybe, other subjects, but not here. (Dr. Dolly, interview)  

 

Many of these concerns were related to the absence of the feedback component that was 

missing when not seeing students directly responding to what the instructors has told them 

during lecture, as mentioned by Dr. Dolly for example: 

There would be ... Yeah. The other thing is that instant feedback that I keep looking 

for students, nodding, or not nodding. Without it, I'm not going to be able to go on. 

It's the instant feedback that I think it's important. Also, couple of my colleagues 

have taught online, and that's what they're missing. It's the least rewarding 

experience that they had. (Dr. Dolly, interview) 

 

One of the other common themes that emerged was centered around the idea that 

making teaching improvements takes too much time that should be invested in their 

research (e.g. Dr. Dixie, Dr. Dana, Dr. Dalton, Dr. Donna, Dr. Manju, Dr. Berry, Dr. 

Bobbie). This was similar to challenges raised when making changes to their current style 

of teaching (Table 4.15).  

One instructor raised an interesting point by noting that significant changes towards 

teaching was up to the department and it’s teaching committee, which offered another 

challenge to instructors making possible changes to their style of teaching: 
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I have had ideas, but I haven't ever pursued them, no. I mean, part of it, what held 

me back was perhaps just not really having a good understanding of the needs of 

the department and whether whatever I was thinking about would satisfy any needs 

that we had. I pretty much have left that to the curriculum committee to decide and 

well, of course we meet as a faculty to discuss things, but the curriculum committee 

makes many of the decisions about gaps and whatnot. (Dr. Derrick, interview) 

 

This is hinting at another factor that has not yet been discussed– the support by peers and 

the department. In most cases, the department was not discussed as the determining factor 

for making changes to styles of teaching. That was one main reason why it was not further 

discussed within the context of my results. 

Concerns voiced regarding the future implementation of student-centered teaching 

methodologies were again manifold. Many concerns were centered around the successful 

implementation of group work. Another dimension was added when instructors voiced 

their concern regarding implementation of student-centered teaching in large classrooms. 

Furthermore, instructors were unsure how to give students more autonomy over their 

learning during class and outside of class. Teaching methods that were primarily mentioned 

focused on flipped classrooms and group work. Instructors seemed to convey uncertainty 

around student-centered learning techniques and their role in supporting student learning.  

 

During interviews, instructors provided further details on the changes they had 

already underwent in terms of their teaching styles, student-centered teaching or teacher-

centered teaching. In the context of seeing instructors’ readiness and willingness to try out 

new methodologies, especially student-centered methodologies, it was important to see 

what changes instructors already tried, to get a more holistic understanding of their 

individual story. When looking at that set of responses collected in this study, three major 

categories were identified: “moved to student-centered learning techniques”, “moved to 
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teacher-centered learning techniques”, and “no major changes made to teaching 

techniques”.  

To better illustrate the layout of the table, which was primarily originated from the 

codes “teaching methods”, and “teaching methods-creativity” (see Table 3.5, Figure 3.8), 

I will describe Dr. Dalton’s table entry. Dr. Dalton was categorized as “moved back to 

teacher-centered learning techniques”. As illustrated more in detail below Table 4.17, Dr. 

Dalton made use of a visualization software during class previously. Due to challenges 

implementing that methodological tool effectively, he moved back to traditional lecturing 

and writing his notes on the board, drawing out structures himself. 
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Table 4.17 Changes towards student-centered teaching methods instructors had 

implemented thus far 

Type of 

institution 

Participants Moved to student-

centered learning 

techniques 

Moved back to teacher-

centered learning 

techniques 

No major changes 

made to teaching 

techniques 

Doctoral 

granting 

institutions 

Dr. Derrick Incorporated group 

work 

  

Dr. Devora Oriented her lectures 

towards specific 

learning goals that are 

implemented through 

various activities in 

class, flipped Fridays 

  

Dr. Duna Incorporated fill-in-

the-blank notes 

  

Dr. Dixie Incorporated some 

paper discussions 

  

Dr. Donald Complete conversion 

to flipped classroom 

  

Dr. Danner Incorporated mini-in 

class exercises 

  

Dr. Dana Incorporated 

computer-based 

activities 

  

Dr. Dalton  Moved away from 

using visualization 

software in class as 

more interactive 

visualization technique 

 

Dr. Dolly  Got rid of students 

solving problems on 

board 

 

Dr. Donna Incorporated a mix of 

Clicker questions, 

POGIL inspired 

exercises 

  

Master 

granting 

institutions 

Dr. Magnus   No major changes 

were made 

Dr. Manju Incorporated more 

examples in lecture 

and verbal 

involvement of 

students 

  

Dr. Maggie Incorporated POGIL 

activities, fill-in-the-

blank notes 

  

Dr. Mickey  Tried out POGIL, 

think-pair-share 
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Table 4.17 Continued 

Bachelor 

granting 

institutions 

Dr. Brigid Incorporated more 

activity-based 

learning, in every 

lecture she teaches: 

group work, 

worksheets, group 

quizzes 

  

Dr. Berry Reduced amount of 

lecturing, integrated 

more group work, e.g. 

POGIL 

  

Dr. Bobbie Incorporated group 

work worksheets and 

mini-lectures  

  

 

Most of the participants during their career had made changes toward implementing 

more student-centered methodologies in their teaching. Only a few moved back toward 

more teacher-centered methodologies or did not make changes to their teaching. The 

instructors who went back to a teacher-centered teaching style tried out various methods to 

involve students more. For example, Dr. Dalton tried out visualizing tools and software to 

have a more interactive lecture. However, it took too much time and he did not master it 

well-enough to use the methodology well and still be able to convey all concepts he felt he 

needed to with that more “involving” methodology: 

Not a big ... Okay. No, I don't think a big change, a little change. The change went 

from presenting material as a lecture to presenting the material with questions for 

the students as we go along, first. Second, developing the thoughts on the board 

step by step so that the students can track the thinking process a little better. […] 

Yeah. Yes. For about five years I used ... Let me tell you a little bit about ... A 

molecular visualization program gives a fantastic view of biochemistry at a 

molecular level and I think it's an important thing for the students to be able to 

picture these molecules as they really exist, get a really nice picture of 'em, which 

we can't do on the blackboard. For about five years, I tried to introduce molecular 

visualization into my lectures, and I found out that I just didn't have enough time 

to get through the material and do this presentation as well. After about five years, 

I ended up withdrawing from that and pulling back. The idea there is, we show a 

picture of a sugar molecule as a hexagon ring and in the molecular visualization, 

you can see the sugar molecule as a solid, shaped a little bit like a hexagon, but 

with hydroxyl groups spread over the surface ready to hydrogen bond or react. 
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There's a lot built into that picture that says a lot about the biochemistry, but maybe 

it was just too hard for me to get it across the students, it just didn't work. (Dr. 

Dalton, interview) 

 

Dr. Dolly involved her students by having them solve problems on the board, but 

she got rid of that participation component, since her students were uncomfortable during 

these activities: 

In the beginning of class when I was making a lot of practical mistakes, I had a 

student come up to the board and work on the problems, and student complained 

once, like, "No, not comfortable at all." And feels like she's under pressure and all 

those things. And I thought about it, "Well, that's how I grew up, though." But I 

didn't. I understand that though, right? (Dr. Dolly, interview) 

 

Dr. Mickey tried out POGIL as well as think-pair-share in his classroom, for example, but 

he did not see the direct benefit of using these methods to have his students learn more, so 

he went back to his lecturing: 

Oh. I'm a traditional lecture person, so the majority of my teaching style, as I'm 

sure that you saw on the videos, is lecture. I do group work as ... To me, that's lab 

work. Group work naturally lends itself to lab. I don't use anything like a POGIL 

system or anything of that nature. I'm a traditional lecture person. To me, that's 

efficient. It gets things done quickly and efficiently, and for students, it can be very 

difficult, because to listen consistently for an hour can be a lot of work, but yes. 

I'm a lecturer. […] As I learned about those techniques, I tried them out. I still use 

some of them, but I've never done anything like a flip a classroom, and I've never 

gone to a full POGIL and stayed with it. I've tried those things, or at least watched 

others try them, and seen the results. Yeah. I didn't make a decision somewhere 

along the line, "Well, I'm never going to lecture again and try these new things." 

I've tried to integrate those into my teaching. Some of those things have come and 

gone, and some of them have stayed, but yeah. I would say I've transitioned back 

more to full lecturing. (Dr. Mickey, interview) 

 

Dr. Magnus was the only instructor in my entire cohort who said he did not 

significantly change his teaching style and was always lecturing. 

Examples where instructors stated a drastic change from their previous style of 

teaching being more passive, to their current style of being more active, was mentioned by 

Dr. Berry, who pointed out what her previous teaching style looked like that: 
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I still did lots of case studies. I did more case-based and small group problem kinds 

of stuff; so it'd be ten minutes of talking, 15 minutes of group work, ten minutes of 

talking, 15 minutes of group work and that's how my class flowed. (Dr. Berry, 

interview) 

 

In order to bring her teaching style closer to her teaching philosophy, she joined a colleague 

in teaching her biochemistry class in a POGIL setting, where students spend more time in 

groups: 

Which actually goes back with that initial teaching philosophy of having them 

struggle first and then have them resolve by the end. (Dr. Berry, interview) 

 

As was pointed out earlier in this chapter, she found her students to be more successful on 

her assessment with this more engaging teaching methodology than with her prior teaching 

style: 

I appreciate that it happens in small groups and with students struggling through 

materials, I think them talking is more effective than me talking. I try and listen to 

what they're saying and if I hear things that are wrong, trying to guide them towards 

the correct idea. (Dr. Berry, interview) 

 

Dr. Bobbie went from a more drastic change of mainly teaching lectures to small group 

problem-solving: 

It has changed. When I started it was lecture, it was all write notes lecture kind of 

thing. The frustrating part about that is the learning; the outcomes of doing that are 

pathetic. If you want to improve true student learning that they can take with them, 

that they can take to another test, another class, another something you have to teach 

I think that you have to teach them how to think. You can’t just teach them content 

you have to teach them; problem solving skills, study skills all those things and the 

best way to do that is not through lecture. (Dr. Bobbie, interview) 

 

Many small or large changes to incorporating a more student-focused lecture environment 

were implemented by instructors teaching biochemistry across the population investigated 

within the scope of this study. Changes from flipping classrooms completely (e.g., Dr. 

Donald), to halfway (e.g., Dr. Devora), to involving student in more group work (e.g., Dr. 

Derrick), and in-class discussions and discourse (e.g., Dr. Manju). Also, some instructors 
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emphasized incorporating more structure to their worksheets or more active ways of 

approaching the material, for instance by using POGIL more in their classroom (e.g., Dr. 

Berry, Dr. Brigid, Dr. Maggie). 

4.3.1.4 The Future of Biochemistry Teaching – Student-Centered Teaching Will Grow 

The table below (Table 4.18) illustrates the results captured in my study, as I asked 

my participants how they viewed how the teaching of biochemistry will develop or change 

in the next decades, and originates from the code “future teaching of biochemistry (Table 

3.5, Figure 3.8). Asking this question helped me to further understand their attitude towards 

the teaching methodologies they tended to use and their willingness to adapt new ways of 

teaching in the sciences. Many themes appeared in the data, of which multiple could be 

summarized into the category “student-centered teaching will grow”. In this category, the 

main emphasis laid on engaging students in class and interacting with them personally, 

through different ways.  

As an example of how to better interpret the table, Dr. Mickey’s interview is 

analyzed here. He mentioned during the interview, that he envisions the ways in which 

biochemistry is taught will not change much in the future (see “x” in the column labeled 

with the theme “teaching will stay the same”). He valued student interactions, even if it 

was only through lecturing (see theme “personal interactions will stay”). He could envision 

using more technology in lecture and that the use of technology and different technological 

tools could change in the future (see check-mark at “technology in lecture”).   
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Table 4.18 The future of teaching biochemistry 

   Student-centered teaching will grow  

Type of 

institution 

Participants Teaching 

stays the 

same 

Personalized 

teaching grows 

(emphasis on the 

individual) 

Less 

personalized 

teaching will 

stay 

Personal 

interactions 

will stay 

Technology in 

lecture 

More active 

learning in 

general 

More online 

learning 

Doctoral 

granting 

institutions 

Dr. Derrick  x    x  

Dr. Devora   x   x x 

Dr. Duna x       

Dr. Dixie    x  x  

Dr. Donald    x  x  

Dr. Danner     x  x 

Dr. Dana      x  

Dr. Dalton      x  

Dr. Dolly      x  

Dr. Donna      x  

Master 

granting 

institutions 

Dr. Magnus x   x    

Dr. Manju x    x  x 

Dr. Maggie     x   

Dr. Mickey x   x x   

Bachelor 

granting 

institutions 

Dr. Brigid     x x  

Dr. Berry      x  

Dr. Bobbie    x  x  
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A majority of my participants thought student-centered teaching methodologies 

will continue to be an integral part of future biochemistry classrooms in some way.  

Instructors who valued human interactions during class time emphasized that, in 

the future, personal interactions will stay, meaning in person class-time will be still be 

valued. The importance of being in the room with students was voiced by multiple 

instructors, with many relying on eye contact with their students to judge how they are 

doing in class and how their students feel about the material. Dr. Magnus stressed the 

importance of individualized human activity in the classroom as follows: 

Human activity. There will never be two classes that are the same. There'll never 

be two teachers the same. […] That's just an inherent part of human interactions. 

That's also what keeps it fresh. People, a lot of times people ask you, "Doesn't it get 

boring teaching the same class every year?" I say, "I never have the same class 

twice. Always have different students." People then go, "Oh, I never thought of 

that." (Dr. Magnus, interview) 

 

During her entire interview Dr. Dixie emphasized personnel contact during 

teaching as being the crucial key to conveying knowledge and the future of biochemistry 

teaching. Dr. Bobbie emphasized throughout her interview the importance of in person 

teaching experience as well, however she also made her worries being heard: 

[…] it’s about the fact that numbers of students are going to go up. There are 

numbers of students; the harder it is to implement alternative methodologies. I think 

alternative methodologies work best with small numbers or smaller numbers. I can 

do a truly individualized literature-based course as advanced biochem because I 

have 12 or less in the course. Can I do that with 23, not really. (Dr. Bobbie, 

interview) 

 

Whereas she was a big supporter of active learning classrooms and did it against any odds 

she faced during her teaching career in terms of more challenging student feedback and 

teaching evaluations, she emphasized the struggle for her to feel the push towards bigger 

classes and the challenge to still enact her active style of teaching. 
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A smaller number of instructors argued that less personalized teaching would likely 

be the future of education, discussing the role of online learning. For example, Dr. Devora 

stated: 

There's a bigger push towards more butts in seats, bigger classes, "Let's do this at a 

cheaper way," and I think the students will suffer. There is no student who will not 

learn more effectively in a smaller group. I think I am an effective teacher, but there 

are also students in my class right now that would learn more effectively in a 

smaller group. I think we need to be careful about that. (Dr. Devora, interview) 

 

Furthermore, she pointed out: 

I think it's because a lot of the way online teaching has gone is towards scaling 

things up massively, whereas the way my online section is, is towards providing 

accessibility to a group that wouldn't otherwise have it. We limit the size. There are 

only 50 in the online section this semester. We cut it off. It was like, "No more," 

because we've got to be able to engage, and it's harder to engage online students. I 

think the engagement, in the way that I teach, is key, […]. (Dr. Devora, interview) 

 

As a student-centered instructor, she saw challenges in implementing online learning, since 

she translated her way of teaching into an online classroom and saw issues with that. For 

her, active engagement could still happen in an online environment, but then, class size 

would have to be limited in order to still be able to engage with all students and provide 

relevant activities, which is what she did for the online class she taught. 

 Dr. Manju also viewed online learning as a critical part of the future of biochemistry 

education, but had a more positive perspective: 

Even in the university now, they are cutting down the job subscriptions in house 

because they say it's online and everything. […] That is going to change a little bit, 

in the small colleges in the sense, teaching will still be a larger part, I mean in that 

person to person, will be much more the same as the online teaching. […] People 

are going to change more, and more towards the very same person will be still there, 

it may be more of an online courses. […] I think it's the online teaching is great, 

because you can learn a lot on your own. You can put them into discussions and 

ask for an answer there, so you can post a question to the professor anytime, and he 

can answer the questions however in the group discussion going on there. (Dr. 

Manju, interview) 
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He emphasized the growing number of online courses at colleges, and the adjustments for 

instructors to still teach in person as well as online. But he could also see positive effects 

from teaching online classes and he felt one was to be more “in contact” with his students. 

Some instructors discussed the use of technology in the classroom in relation to 

student-centered approaches: 

I think the technology will improve to the point ... What I would love to see is cheap 

three-dimensional systems, particularly in biochemistry. You know, I can show 

things three-dimensionally through Jmol-type software, and when push comes to 

shoves, we can do what I call the poor man's 3D, where you do a cross-eyed stereo 

image. What I'd like to see and what I hope is that some sort of cheap virtual reality 

becomes available so that my class and I can literally walk through a molecule. I 

think that would be a real benefit, but the price and the equipment is going to have 

to be miniaturized, and the price is really going to have to come down for that to be 

useful on a class. […] Yeah. I think, you know, until we make that real leap into 

cheap virtual reality, I think that, yeah, I'll probably be doing the same things in 10 

years that I'm doing now. (Dr. Mickey, interview) 

 

The emphasis on teaching biochemistry with visualization technology in the classroom was 

also voiced by Dr. Maggie, who pointed out that textbooks are outdated and that we need 

to find a more “tech savvy” approach: 

They have to have stamina for reading those things, which is the textbook is beyond 

their stamina at the moment I think. You know? They don't feel like they understand 

it. It's hard to understand. The language is dense. It's technical, and so they have a 

hard time understanding it. And so what are resources out there? Like Wikipedia is 

a great example of an absolutely wonderful resource. In order to understand 

something, you can go to a Wikipedia site and get a fairly good understanding of 

some of the basics, but it's not ... You're going to be missing part. Go link to that. 

But I don't really understand what they mean by a nucleophilic attack. Let me go 

link to that. Let me go see what that's about. (Dr. Maggie, interview) 

 

Dr. Danner pointed out another issue that was raised during the interview – the 

incorporation of students’ phones into their classroom learning experiences to maintain 

modern students’ attention and increase student involvement: 

Embrace technology, because you can't escape it. If there's a way you can put those 

things [points to phone] to a meaningful use in class, do it. Of course, stay up to 
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date with the topic, because it's a changing field. And I think, engaging students 

who are more and more glued to their electronic devices, I see that with my kids 

too, will be challenges that they'll have to meet. (Dr. Danner, interview) 

  

One of the other trends observed was that instructors felt there would be more active 

learning incorporated in future course, as highlighted by the following exemplary quotes: 

Just a more active class, more clicker problems and stuff like that in class, face to face. 

That's what's important. It's hard to put that into an online experience. And choose stuff 

that is significant to the students. (Dr. Donald, interview) 

 

I think it's gonna be certainly more active learning. However, you define that, even 

if it's just more student participation because even though they don't like it and they 

claim they don't like it, if you ask them, "Would you be in an active learning class," 

most of them are probably gonna be like, "Oh no. What is that, that sounds weird. 

That sounds like you want me to do a lot." But then you get more out of it. It's more 

fun. (Dr. Dixie, interview) 

 

But the she adds as a caveat: 

I don't think we'll ever be done with just Power Point lectures. You can make them 

more interactive, but sometimes you just have to sit down or stand up there and tell 

people something. And there's not a way around that. So I think kind of the trash 

talking about lecture based courses, I think that's gonna ... I'm sort of new to all this. 

It seems really trendy to bash on those, but they do have a place. And they can be 

done well. So, to just totally write off kind of an essential component in teaching I 

think is maybe a little bit short sided. So I think they'll still be lectures. They might 

be more dynamic. (Dr. Dixie, interview) 

 

With her more lecture centered teaching style, she adds the more content-oriented 

advancement in “actively” teaching biochemistry: 

But I think we need to be more cognizant that all of these are tied together. And it 

makes more sense that way. It's not just your cell does glycolysis and then it stops. 

And then it decides, "I'm going to do the TCA cycle?" And then it starts the TCA 

cycle. It's like all of these things are worrying and going together at once. So I think 

that's gonna be more important, and I think we'll have cooler examples too. (Dr. 

Dixie, interview) 

 

Dr. Brigid, who already enacted a rather active classroom, saw active teaching in 

biochemistry as progressing as follow: 
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The resources are there. The teacher is there to help them figure out what resources 

are right, or what resources are useful. I think the way that I understand teaching in 

elementary and secondary schools is going now, I think we have to be able to adapt 

to that. I think getting away from teacher-centered learning ... And again, I don't 

know that it's all going to go away. I mean, I don't know, in graduate schools, are 

they going to go to this? I don't know. Graduate school, you have your lecture on 

Physical Chemistry. There's content that's delivered, and then you go off. Medical 

schools, there's some case-based learning, medical schools, but I've gotten feedback 

from my students who go to medical school, and they're like, "Yeah, they videotape 

the lectures, so I don't go to class, I just watch them when I want to." It's like, "Wow, 

that's very different." From my personal thing, I think we're probably going to be 

shifting away from that, but we'll see. (Dr. Brigid, interview) 

 

Dr. Berry followed up her statement that active learning is crucial in the classroom: 

I think one of the biggest issues is the can of biochemistry keeps growing. Let's see 

if I can do the analogy. If I can see the books, I'll grab them fast. The book that I 

started with [inaudible 00:50:28] it was like 500 pages. It's now 1,000 pages. What 

we have to have in a class keeps growing and so then people get this content 

problem of oh my gosh, I have to teach all of metabolism. No, you don't. You don't 

have to teach all of metabolism. You have to teach students how to learn 

metabolism. I think that's a switch that needs to happen is convincing instructors 

that their role is not to teach them everything. It's not to fill up their head with a 

bunch of stuff, it's to teach them how to learn it so they can go learn it for themselves 

when it actually is useful to them. Because you retain what you use. If you're not 

going to use it, why teach it? (Dr. Berry, interview) 

 

For Dr. Berry it was clear, that in order to teach more actively, less emphasis had to be 

given to every detail in biochemistry. More so, significant concepts had to be conveyed, 

the ability overall, to learn new concepts on their own. 

 It is encouraging to see, however, that, for some instructors, active learning is 

accepted as a natural movement that one has to follow and should follow: 

I suspect many of the science classes and biochemistry will be moving to much 

more active learning projects, just because that's the style. As more junior faculty 

come through, that will be the style that they start using. I think that's probably 

going to be a trend. (Dr. Dana, interview) 

 

Dr. Derrick took it to an even higher extreme and pointed out that teaching in general will 

follow a trend towards personalization, to meet individual students’ needs better and to 
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improve their success through a personalized teaching approach. Through that statement, 

he voiced the need to understand students better and to get more knowledge about what 

makes them learn well:  

Of course where we want to go with this is drill down even further so that I have a 

drug that is specifically made for Franziska that will work on you. It might not work 

on anyone else, but it'll work on you, that's where we want to go in personalized 

medicine. I think we need to do more of that with teaching. […] Right? I mean I 

think it's pretty obvious, right? We have a whole classroom with kids and they're 

not all the same. They're all different and yet we're teaching them more or less the 

same and if there's some way. I don't have the answer, but if there's some way that 

we could get enough information about each of them beforehand that we could 

tailor teaching to help them most effectively, that would be great. I don't know what 

that answer is, but I think that's where we want to go. (Dr. Derrick, interview) 

 

Only a handful of participants supported the thought that teaching would not change, but 

rather stay the way it was done already in their classrooms:  

I don't think it's going to change very much. It hasn't particularly changed over the 

last 75 years. I can't imagine the next 10 years are going to be that much different. 

The same information's going to be important. […] I see myself pretty much doing 

what I'm doing. Yeah, and maybe ... I can't see it changing too dramatically. (Dr. 

Duna, interview) 

 

Dr. Duna voiced an idea many participants agreed upon, especially the ones with a 

more teacher-centered teaching approach. Dr. Mickey added in the same tone: 

I don't think lecturing will probably ever go away, again, because I think it's a very 

efficient method, and it's served well for thousands of years, so I don't think that'll 

go away. (Dr. Mickey, interview) 

 

He further elaborated: 

Researcher: What do you see the field, the teaching of biochemistry, do you see 

it moving towards more, I mean, in ... like active learning, extreme 

active learning classrooms in terms of, like, using more POGIL, 

using more flip classroom, do you see that coming up more in the 

future? 

 

Dr. Mickey: Actually, I don't. You know, POGIL and similar things have been 

around since the '90s now, and if they were that good, everybody 

would have converted, myself included. I don't see a major shift in 
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that. Again, I've been around long enough in teaching that teaching 

goes through cycles, and I saw POGIL roll out or similar systems 

roll out in the '90s and kind of went away in the 2000s, and now 

they're kind of coming back again. No, I don't see any major change 

from that, because I think if they were that good, things would have 

changed already. (Dr. Mickey, interview) 

 

In the course of the interview, he emphasized the tremendous amount of material that has 

to be taught in biochemistry and the need to come up with a list of topics that should be 

taught in specific courses. This led him to see less of an opportunity to implement other 

methodologies than pure lecturing because there is simply no time for something else. 

I think one of the barriers that we're going to have in biochemistry and in all 

sciences is the amount of material that we're having to deal with. Again, when I 

started, one color textbooks, and they were small. Now, my biochemistry text, you 

know, it's two inches thick, and there's just no way that I can get through all that 

material. One of the things that we will have to figure out as a field, if you will, is 

to decide what do introductory students need to know and what can we leave to 

graduate level or job-specific training. I do that now. I mean, there's just no way 

that I can get through an entire biochemistry textbook in a year. It's just, I can't do 

it. Even with the best of students, I don't think I could do it, and so I already have 

to pick and choose what I think is important. Maybe that will become even more of 

an issue in the future. (Dr. Mickey, interview) 

 

His view provided the voice representing the concerns any instructors brought up during 

their interviews (e.g., Dr. Donna, Dr. Berry, Dr. Dalton). The worry about focusing too 

much on content and therefore not being able to experiment somewhat in the classroom 

with activities and such was voiced throughout my entire pool of participants. I think the 

point Dr. Berry made prior to that is something that we as a community have to advance in 

teaching students how to learn and overcome the challenge of wanting to be taught 

everything in class. 

Overall, most instructors agreed that the focus on student-centered teaching 

methodologies would increase in the future. However, doubts about the utility of changing 



281 

 

the style of teaching and using more student-centered teaching methods and replacing 

lecturing were voiced, as previously discussed.  

4.3.1.5 Professional Development of Biochemistry Instructors’ Ways to Teach 

Biochemistry – Resources Used and Desired 

This section describes instructors’ views regarding resources that support the 

development of teaching and the incorporation of new methodologies in class. The 

interview questions that prompted this section were inspired through the concerns 

instructors voiced during the interview, where it was deemed important to provide insight 

regarding what instructors would find useful in order to make any changes to their teaching. 

Two main categories were extracted from the data, “resources used to gain knowledge in 

teaching”, and “resources desired to have (medium most preferred)”. Within these main 

categories, several themes emerged that provided more detail to resources used or needed 

to improve the teaching of biochemistry.  

To elucidate the meaning of Table 4.19, Dr. Bobbie, for example, emphasized 

mainly resources she used to gain knowledge in teaching. Her responses could be 

categorized into the following themes: “professional development resources (e.g. 

workshops, conferences)”, “reading up on educational research literature”, and “peer 

interactions (observing others)”. The absence of any “x” in any themes identified for the 

category “resources desired to have (medium most preferred)” indicates that Dr. Bobbie 

did not verbalize any resources she wanted to have available to improve her teaching. 

This table was generated mainly from multiple original codes, such as “teaching 

role of importance”, “professional development”, “teaching methods – improvements”, 

“teaching methods – creativity”, and “teaching background”, as seen in Figure 3.8. Many 

codes encompassed information on resources used and needed to develop professionally in 
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teaching, therefore, multiple codes were used to extract this information (see description 

of codes, Table 3.5). In particular, many codes revealed specific challenges instructors 

faced that uncovered potential needs and resources in developing professionally in 

teaching. 
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Doctoral 

granting 

institutions 

Dr. Derrick x x x    x   

Dr. Devora   x  x  x   

Dr. Duna  x x  x  x   

Dr. Dixie      x x   

Dr. Donald   x  x  x   

Dr. Danner     x x  x  

Dr. Dana  x x x x     

Dr. Dalton  x     x   

Dr. Dolly   x  x   x x 

Dr. Donna   x  x    x 

Master 

granting 

institutions 

Dr. Magnus    x x  x   

Dr. Manju    x x  x x x 

Dr. Maggie   x x x  x   

Dr. Mickey  x x  x x x   

Bachelor 

granting 

institutions 

Dr. Brigid x  x  x  x  x 

Dr. Berry   x x x  x   

Dr. Bobbie   x x x     
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Proficiency in Teaching through Interactions with Peers 

Many instructors used multiple resources to gain knowledge about teaching. The 

most common resources involved utilizing colleagues and personal experiences.  

There's a communication, yes. Like I talk to people okay how they talk about 

different topics. And since I have in house experience with, so we always discuss 

about it, how to go about a different topic or something like that. […]. We are 

talking with a colleague because when we are starting this project at a different 

college, okay? […] I have a lot of resources, Dr. [X] has been very nice. He's always 

open, so that is a great thing for me. He's always an inspiration, to do something 

with it. So I think I can improve with decisions on ones that okay I still want to 

improve much more and be more effective than what I am right now. […] That's 

what I want to say, the colleagues are very helpful to inspire […]. (Dr. Manju, 

interview) 

 

Dr. Magnus specifically referred to the material he was sharing with his colleagues, as also 

highlighted by others (Dr. Donna): 

Yeah, I mean at my [college], all the professors are always sharing materials. We 

trade resources, whether they be print or online. We borrow a lot from each other. 

Nothing is proprietary in our department. (Dr. Magnus, interview) 

 

Furthermore, colleagues with an educational interest and background were 

mentioned as being helpful and enriching to trouble shoot teaching challenges: 

That was formative for me. I feel having chemical education, Ph.D people in my 

department has been really helpful. There have been times when I've been ... I can't 

get a concept across. I try this. I try that. It doesn't really work for me. Sometimes 

I can sit down with a colleague whose been trained in chemical education and they 

say, "Oh, well, there's this. There's that, so why don't you try this other thing?" 

That's a great idea. It's just a great way to get additional ideas and approaches that 

I really appreciate. (Dr. Maggie, interview) 

 

Her department even instituted a peer evaluation system, where they had the opportunity 

of being observed and getting feedback at: “[...] We do get evaluated. Two people come 

and visit our class, and I go visit other people's classrooms. It's a beautiful thing. It's a 

wonderful thing.” 
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Dr. Danner brought up an interesting aspect of alternative approaches to teaching 

when he talked about the difficulty of getting rich feedback from his colleagues who were 

asked to sit in his lecture and evaluate him: 

You learn it by doing it. Or, if you have trouble, you talk to colleagues and reach 

out, "Hey can you sit in my class and tell me what I'm doing right or doing wrong?" 

And I actually have done that a couple of times, that people said ... And here they 

even do that as part of your review. Like last year, somebody sat in one of my 

lectures and wrote a paragraph about it. But again, that is more an assessment of 

how you're doing. That doesn't really help […]. (Dr. Danner, interview) 

 

On the other hand, he acknowledged, that he had difficulty identifying where help is needed. 

He sometimes could only say something did not work out, but identifying the problem was 

often challenging. 

I would have to see a clear need. For example, I felt I did a lousy job at teaching a 

certain class, and I have to change things, and I don't know how to do it. For 

example ... Depends on what I thought would be the underlying cause. If it's just 

lousy preparation, I know I just have to sit down a little bit longer before and get 

ready. If it's more conceptual or structural problems with your presentation and so 

forth, then I would probably ask for outside help. (Dr. Danner, interview) 

 

Dr. Dolly emphasized how helpful it was for her to have a mentor when she started to teach 

biochemistry.  

Colleague, friend, mentor, it's one person, who is also professor in biochemistry. 

Up to this date I talk to her almost every day. When I first did start teaching ... Tell 

me to stop ... I sat in her class, so I learned how she taught. I asked her whether I 

could do this, she said, "Sure." And then we talk about it afterward, and she'd tell 

me what she did well that day, or what she did not do well that day. That was great. 

(Dr. Dolly, interview) 

 

Dr. Bobbie stressed the fact that the on-campus exchange of knowledge was most 

rewarding for her, since it would relate to the world she taught in and was familiar with: 

I think more helpful are regular conversations with my colleagues who teach with 

a lot of different methodologies and we talk about outcomes with our students here. 

It’s one thing to go to a big school where somebody is teaching one class each 

semester maybe once a year, it depends on the place right? It’s a huge lecture hall 

of 500 versus having a class of five or 23 […]. It’s not the same, so I learn a lot 
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from my colleagues about what works and doesn’t work with our students here. (Dr. 

Bobbie, interview) 

 

Not only colleagues among the faculty were helpful sources of new ideas, students could 

also be an inspiring resource to make changes happen in one’s own classroom: 

Researcher: How do you come across this creative moment of, "Oh, I can change 

this?" Is it with interactions with colleagues? Is it reading up on 

things?  

 

Dr. Dana: All of the above, yeah. Or sometimes, you know, a graduate student 

has a brilliant idea, and I'm like, "That's a great idea. Let's do that." 

(Dr. Dana, interview) 

 

Dr. Brigid mentioned in her interview a supportive concluding remark where she stated: 

Right, and you know, in the Chemistry world, I think developing good teachers and 

developing, "It's okay to try new things," I think we have to make our younger 

colleagues understand that it's okay to try new things. (Dr. Brigid, interview) 

 

Proficiency in Teaching through the Attendance of Professional Meetings 

Many instructors, during the interview, also emphasized the importance of going to 

conferences or having the opportunity to utilize workshops that enriched their knowledge 

on teaching methodologies.  

We have a [center and institute for teaching], and they all have seminars and they'll 

invite authors who have just written a book in changing, reform of college 

education. I just go to those. Some of them have good points. Some of them aren't 

so good. Like the guy who wrote, I forget his name, he wrote Teaching Naked. He 

gave me the idea of having the exam wrapper. (Dr. Donald, interview) 

 

In addition, he mentioned: 

Well, the American Society of Biochemistry and Molecular Biology had a flipped 

class one day workshop up at one of the colleges. It was along the coast. I did that, 

but it wasn't really intensive. It was pretty good. […]. This was a couple years ago, 

maybe two to three years ago. (Dr. Donald, interview) 

 

Dr. Donna was an enthusiastic conference attendee and very interested in PD around 

teaching: 
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So, whenever I'm at conferences I'm always thinking about my instruction. So 

ASBMB, I definitely go there for [inaudible 00:54:56] So for scholarship of 

teaching and learning. I definitely go, 'cause there's no research program to it, so I 

definitely go there to get better ideas for teaching. SABER is really the same thing, 

with better ideas for teaching. […] That's why I go to BCCE, BCCE is not a 

research conference in any way shape or form. […] I go there to improve my 

teaching. I think the last BCCE was the first time I went solely for research […]. 

But I go to the biennial to get cool new ideas for stuff to do in lecture or cool new 

ideas for me to implement in my classroom. (Dr. Donna, interview) 

 

 Dr. Brigid also expressed the importance of attending conferences to listen to colleagues 

as well as presenting at conferences as rewarding. Dr. Maggie highlighted the importance 

of workshops as well, however admitted, that you have to set the time aside to go to those. 

This was even true for instructors who taught at more teaching-oriented institutions such 

as master granting institutions: 

I do. I do. Yes. You know not as many as I should. We have a faculty teaching and 

learning center here on campus also that sponsors different workshops, et cetera for 

teaching in different ways. That's good. (Dr. Maggie, interview) 

 

She also noted: 

I attended two additional POGIL workshops to hone my skill with this technique. 

At a POGIL workshop this summer, I presented our concept-rich on-line laboratory 

manual, and I participated in a “fish-bowl” experience, where other faculty 

evaluated my performance as I facilitated one of my POGIL activities. (Dr. Maggie, 

integrative statement for tenure promotion) 

 

In her interview she added: 

My approach to active learning has been very much patterned after the POGIL 

approach that I went to a workshop ... I don't know how many years ago. Many 

years ago. (Dr. Maggie, interview) 

 

Dr. Dolly also found it important to go to conferences from time to time, especially 

those that were hosted on campus as well as taking the opportunity to make use of teaching 

centers on campus. In the interview for example, she would mention examples such as: 

[…] where people would develop a rubric to assessing the critical thinking skills 

among the students in their writing assignments. So I participated in those things, 
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and I learned a lot because as biochemistry researcher, I'd never seen anybody doing 

anything like that. (Dr. Dolly, interview) 

 

In contrast, Dr. Magnus mentioned that workshops or seminars on teaching were resources 

he used but did not find as helpful: “I have gone to those types of things, to some degree, 

but can't say that they dramatically altered my overall style.” (Dr. Magnus, interview). A 

similar position was taken by Dr. Bobbie, who found peer interactions on campus most 

helpful. For some instructors, it was though a future endeavor rather than a current 

endeavor to attend further PD opportunities. For instance, Dr. Duna said about attending 

workshops or PD opportunities on teaching: 

Yeah. Yeah. It's actually probably more useful now because I would be able to 

frame it on my own experience as opposed to just, "Here, do this." (Dr. Duna, 

interview) 

 

Similarly, Dr. Dixie pointed out: 

I would be willing to take some. I've been to a few new faculty workshops when I 

first started. And it sounds bad, but there's sort of pie in the sky. They make you 

feel like you should all be doing flipped classrooms and completely innovative 

teaching and lecturing is dead. And then you actually come to do it, and you can't 

do all of it. You can't have a brand-new course that is a flipped classroom that 

you've redesigned from scratch with all the latest and greatest teaching innovations 

and run your research group. It's just not possible. I've not been to a workshop that's 

actually addressed that. […] There's a lot that comes in your first year if you want 

to do learning workshops. And I think a lot of it is you're just so overwhelmed that 

it's not the best time to be sending those out. If you sent them out to someone in 

third of fourth year like I am now, I kind of have a balance, I know what I'm doing 

course-wise. (Dr. Dixie, interview) 

 

Proficiency in Teaching through Consultation of Educational Research Literature 

Reading the educational research literature was another resource instructors 

mentioned. For example, 

Researcher: Oh, interesting. So, when do you implement flip classroom, do you 

  know that already? 
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Dr. Manju: No, I don't know yet because I'm working on it, how to ... I'm reading 

on it, but I haven't gotten too far on that one. (Dr. Manju, interview) 

 

Dr. Maggie mentioned that she felt she needed to read more educational literature to polish 

her knowledge on teaching methodologies and opportunities. She especially consulted the 

literature when she came across a problem or when more data had to be gathered to have a 

better understanding about possible solutions.  

Dr. Magnus mentioned that he would incorporate ways of improving students’ learning 

based on education literature he came across:  

Then I actually have some citations from the education literature where they have 

found that writing your own notes with your own hand, people, it's been shown that 

people learn and remember more by doing that. (Dr. Magnus, interview) 

 

It was interesting to see that Dr. Maggie also justified the use of active learning in her 

classroom by mentioning education research studies: 

It is well established that active learning maximizes student performance and 

retention. A recent metaanalysis of 225 studies, each which explored active learning 

vs. traditional lecturing in the science, technology, engineering and mathematics 

(STEM) fields, found students in courses centered on traditional lecturing were 1.5 

times more likely to fail a course when compared to active learning-based courses, 

and student performance on exams increased on average 6% when active learning 

was used. (Dr. Maggie, integrative statement for tenure promotion) 

 

Dr. Bobbie also brought up the importance for her to read relevant studies on teaching and 

learning. 

 

Proficiency in Learning through Own Experiences 

Factors that were discussed less often involved relying on one’s own experiences 

during teaching and drawing from these experiences to further develop their teaching 

methodologies.  
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Researcher: But do you use any of these resources to gather more knowledge on 

student learning or ways of teaching and things like that? 

 

Dr. Dalton: You know, I'd like to say yes, but in the time when I was going 

through learning how to teach, I wasn't aware of any, I don't know 

how much was back in those days, but I wasn't aware of any of that 

information. I look back at some of my early lectures and I have to 

laugh, because it was truly learning by doing. (Dr. Dalton, interview) 

 

Dr. Dana simply relied on her intuition when she was trying out new methods in her 

classroom: 

Researcher: You said you think that they learn better through active learning. Is 

it that you know that from some papers that you've read or from the 

feel you get in the classroom? And how does that ... 

 

Dr. Dana: I did a little bit of reading on that, and the literature. It seems to be 

the consensus, but it's implemented in many different ways. So I 

experimented a bit in the classroom early on. (Dr. Dana, interview) 

 

Only a few instructors noted that personal life experiences were resources they used 

to gain knowledge in teaching. Dr. Brigid emphasized the importance of peer group 

interaction that she learned during her baccalaureate education: 

Certainly, my peers in undergraduate, one of my roommates was also a Chemistry 

major. We […] worked on things together, and she brought understand to my work, 

I brought understanding to her work, and so that probably also did influence that. I 

think in our department we try to promote that, that it's really important to find this 

peer group that you can work with. Just looking at our students, we graduate 10 to 

15 students each year in Chem and Biochem, and the students who are the most 

successful find that peer group to work with. Again, I try to translate that into the 

classroom, I think. (Dr. Brigid, interview) 

 

Dr. Derrick cited a book he was reading that made him reflect on his teaching 

methodologies more: 

I don't know I mentioned to you this book that [X] sent to me and I remember 

reading. I haven't read it all yet. I haven't gotten to that, but it talked about a faculty 

member who for years would just digest the material for his students and realized 

that that wasn't necessarily an effective way to go. I certainly am guilty of that. (Dr. 

Derrick, interview) 
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Proficiency in Teaching through Instructional Support 

Another part of the interview focused on what instructors would like to have, which 

would be useful for their personal development related to teaching. Participants were asked 

if an education researcher or instructional specialist at the university would be useful for 

supporting teaching. Many did not object the idea and found it worthwhile to try: 

Researcher: Yep. When I asked you earlier if you would like to have an 

education researcher, or someone for example on hand to help you 

in the classroom. If you were to have that person for you know kind 

of for your disposal where you can say here's an idea. Especially for 

example, the fill in the blank, I would like to implement it. I do not 

have time to really come up with a fill in the blank because there is 

so much I have to do, research and teaching. If that person were to 

develop it for you and then work with you on developing 

instruments for your classroom, would that be something you would 

consider to be interesting? 

 

Dr. Manju: Yeah, it would be interesting. It would be interesting […]. (Dr. 

Manju, interview) 

 

Dr. Manju also highlighted the need to have additional help in his classroom to help 

facilitate teaching: 

So it is the tutor who will help in the class can lead the discussion, or something 

like that. Like the teaching assistant we have at universities who come and sit in the 

class with you. They don't grade the papers, but they also do the help the discussions, 

and other things, and dissolve the more difficulties the students may have. So 

[inaudible 01:18:41] tutor would be good to kind of start off the discussion and 

monitor them, when I've already taught them. And so it will be much easier because 

then students can relate to that person much more than approaching to the professor. 

It will be much easier to approach the tutor because the tutor is already sitting in 

the class as a student, that would be a great thing to do. (Dr. Manju, interview) 

 

Dr. Dalton verbalized the need for support to implement technology more effectively:  

Yeah. In fact, I can see very easily that if somebody would sit in on the lectures and 

say, "You know, Dr. Dalton, you could use video clips here, and here, and here, 

and they're available or we could make 'em easily by doing this, and this, and this," 

that would be a tremendous help, because my thinking is that a more visual kind of 

approach would make an impact, I believe, on the students. If I had more years to 
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go, definitely, I would be leaning toward how to incorporate more visual 

illustrations in my lectures, that kind of thing. (Dr. Dalton, interview) 

 

The conversation with Dr. Dalton provided insight into the tremendous need for more 

instructional resources. 

Yes, in fact, that would be great to be able to look through a menu and say, "Well  

you know, this particular item looks really useful," or, "This one might work really  

well in my classroom," and then to be able to follow up on that would be great. […] 

Yeah. That's a good idea. That's a good idea. You know what would help, too, if 

there was the available resources for training so that you could say, "We have a 

professor, we'll give him half time this term just to train in this new technique." (Dr. 

Dalton, interview) 

 

 As one of the student-centered instructors, Dr. Donald had the opportunity through 

developing his flipped classroom to experience something similar to what I suggested to 

the participants, so he was open to my suggestion: 

It was helpful. What the [Teaching Center] does, when I started the course, they 

would come in the middle, midway, and ask me to leave for 15 minutes so that they 

could then query the students, "What's working? What's not working?" This was 

very helpful, because there you get the student perception, and this was before we 

had LA's. Then when we had LA's, getting students to say things that they wouldn't 

say to a professor, they would say to a learning assistant. And then we'd have our 

weekly learning assistant meeting, going over the course and what's coming up and 

how we did last week. They say, "They really didn't like that and this, this, this." 

So when I find those things out, I change them. I change them right away. (Dr. 

Donald, interview) 

 

Dr. Maggie also emphasized her willingness to benefit from hands-on advice and help in 

her classroom to improve her teaching: 

Researcher: Just to play a little bit with potential new ways of teaching 

biochemistry, if someone in your department would be dedicated to 

help you figure that out and transform the classroom in a new setting, 

would that give you more of an open mind to try out that. 

 

Dr. Maggie: Sure. I would agree. Yes, to help. Yeah. Mm-hmm (affirmative). Of 

course. Yeah. (Dr. Maggie, interview) 
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Dr. Duna verbalized the hope that … 

Oh, absolutely. Yeah. I mean we always hoped that there would be much closer 

interaction between the […] Ed faculty and everybody else, with them trying to 

help us know how to teach, but everybody's busy so it never really happened. Yeah, 

no, that would be useful. I think. (Dr. Duna, interview) 

 

Faculty with and without education background were pointed out as valuable resources: 

You know I've seen where faculty, like some of the ones who have had chem ed 

backgrounds, which that's been, as I say a real gift for us. They'll say, "Oh, you 

called ..." not me, of course, not me, but they'll tell a colleague, "Well, you called 

on this many males versus this many females." Like something that they didn't 

realize they were doing. I was like, "Ooh, that's cool. That he can look at this, not 

just what content and how you're teaching it, but how are you interacting with the 

students in what you're doing." (Dr. Maggie, interview) 

 

Proficiency in Teaching through Observing Others 

As seen throughout this section, most instructors would like to have more insight 

into teaching methodologies and how to implement them in their respective classrooms. 

Another way of bridging the gap between enacted practices and potential options was to 

observe other instructors teaching biochemistry. Many of the instructors found a suggestion 

that was brought up during the interviews, to be appealing and helpful. 

I would like to change a little bit of what do you call it, teaching style you may say, 

or teaching technique. I want to observe a couple of more guys, okay how they deal 

with it so that I can implement those changes. But time is not permitting me to go 

and attend other lectures so that I can have some different styles of something. What 

are the discussions they're having? It's not the practical, I mean his theory is good, 

okay we can all talk about it. But actually, seeing the student's reaction to the 

particular professor when he says okay this is my style of teaching it, so I can 

observe it greater. Observe it, then I can definitely improve my own teaching. (Dr. 

Manju, interview) 

 

Dr. Maggie’ peer evaluation system at her school encouraged her to visit other classrooms, 

to evaluate other instructors, which had a positive effect on her teaching methodologies. 

When you were asking what are the things that influence how you teach, some of 

those observations have been very formative for me as well. It's a gift that I'm able 
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to go see how my colleagues do things. I learn about ... like when I go to do organic 

chemistry I'm like, "Oh, that's cool. I can tie that in with some of the biochem that 

I do knowing a little bit more about where they're coming from." Then some of this, 

like this idea of incorporating lecture and these little five-minute things. I first saw 

that model years ago by a colleague. I was like, "That's cool. I'm doing that. That's 

perfect." Like does where the note packet ... the skeletal notes helped being able to 

do that for this given stuff. […] It's been really helpful. It's been good. I think it's 

more useful being the observer almost. (Dr. Maggie, interview) 

 

Dr. Magnus, who is at the same school as Dr. Maggie, also mentioned their peer evaluation 

system as a way to get inspiration from watching others teach, and then through that, 

creating his own new material: 

Yeah, certainly good examples. I mean being able to see it actually be done would 

be useful. On the other hand, given my tradition of, what's the word? We talked 

about how I like to create everything on my own. Just going in with other people's 

materials, just going in with my own pre-scheduled materials doesn't work. Going 

with somebody else's [inaudible 00:45:34] canned materials would probably not 

be something that I'm interested in. I would need to be able to take something and 

adapt it, create the resources myself to this. Probably using other people's materials 

would not be something that worked for me. I'd be looking more for the ideas and 

how I could implement them as opposed to having other people give me things to 

implement. […] Another thing is that in our department, every year we are 

required to observe and evaluate other professors. Visit their classes and give them 

feedback. That's not for their benefit but it's for the benefit of the observer so we 

see all these other professors and what they are doing. We certainly get lots of 

exposures and lots of good examples. (Dr. Magnus, interview) 

 

Dr. Dolly found it most enjoyable to observe her mentor teach and learn through 

that. What helped her a lot was the possibility of discussing possible changes and asking 

questions regarding her mentor’s style of teaching and methodologies used right after class. 

Dr. Brigid would also find it useful to watch other peoples’ teaching methods that 

she was wondering whether to try out, but time was always an issue: 

We talked about flipped classroom. I know one of my colleagues down in Business 

does it. Seeing what she does in class might do that, but I think I'd have to 

participate as a student. That'd be a lot of time. […] I think you can learn a lot from 

what your colleagues say. That's kind of nice feedback. (Dr. Brigid, interview) 
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Proficiency in Teaching through Technical Support 

Only a few instructors voiced the need to have technical resources on teaching 

available, to incorporate technology more into their classrooms. Incorporating more 

educational technology was also considered a methodological change in teaching. Dr. 

Manju noted that, in order to implement a flipped classroom or to even get close to this 

environment, required overcoming several technical hurdles. Dr. Dolly also mentioned that 

if she needed help with teaching methodologies, she would like to have help with new 

technology to have everything run smoothly. Similarly, Dr. Danner said: 

Another thing where I might do that is the increasing trend to use technology in the 

classroom. Sometimes you just need to know a) how does it work, and more 

importantly, how do you put that to a use that make sense. Not just have clickers 

for the sake of being able to, "I use clickers!" Does it really help you or is it just a 

stupid little exercise, like you do because you think that looks cool on your CV or 

wherever you put it down. (Dr. Danner, interview) 

 

Proficiency in Teaching through a Community of Biochemistry Instructors 

Some instructors also emphasized the need for more readily available teaching 

materials in order to safe time on the implementation of student-centered activities. Dr. 

Donna stressed the fact the she was at a point in her career where she needed material to 

work with and implement in her classroom, to make time-efficient changes in her teaching: 

I was in a conferencing learning community but that was a huge waste of my time. 

So that's the issue is that most of the professional development provided to faculty 

are stuff that I teach teachers so it's not really helpful. At the point where I'm at, I 

need ideas or resources that I can take and implement it into my classroom. (Dr. 

Donna, interview) 

 

She mentioned that the issue laid within the biochemistry community itself, where she feels 

needs are not met that interdisciplinary instructors like biochemistry teachers would need 

to be fulfilled: 
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I think more PD for the biochemists. I don't feel like there's enough professional 

development. But I also feel like our societies need to back it more and as a 

[biochemistry researcher interested in teaching], I don't have a home. You would 

naturally think that it would be within the ASBMB but we don't have a home, so 

where do the biochemist, the bench researchers who want to do better at teaching 

go to improve their instruction? That doesn't exist yet. (Dr. Donna, interview) 

 

She emphasized an important call for a closer community of instructors teaching 

biochemistry that could possibly provide valuable resources around teaching materials and 

methodologies to better succeed in the implementation of evidence-based knowledge on 

teaching and learning. Dr. Brigid stated, during her interview, that periodic meetings 

among biochemistry instructors were helpful to think about the teaching of biochemistry: 

“All the Biochemistry teachers sit down in a session and talk about what they're doing. 

Really interesting.” She was referring to a useful discussion she found happening at a 

conference. For her, a sense of community was coming up and that was helpful to get ideas 

and suggestion as well as defining the community of biochemistry educators better. She 

elaborated further: “I mean, if I could team up with a Biochemist at some other place, that 

would be awesome.” 

Dr. Berry concluded: 

Because often biochemists are isolated where there's only one in a department. 

Finding somebody to say man, they still don't get it and I don't know what I should 

do, is a very valuable thing. As a field, figuring out ways to support those people, 

especially who are stuck in where they're the only biochemist or their institution 

isn't very supportive is important. (Dr. Berry, interview) 

 

Results in this chapter showed a variety of resources instructors utilized to improve 

teaching, with peer interaction being the most common. Furthermore, PD opportunities 

were also used, but need improvement. The need for a better functioning community was 

discussed, which is necessary to help solve problems, provide teaching material, and 

support the implementation of teaching methodologies.  
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4.3.2 Summary of Main Results Addressing the Second Research Question 

Results gained from the second research question showed that the more student-

centered instructors were teaching—i.e., the more they involved their students in class -- 

the more likely they were to verbalize their teaching beliefs and perceptions in a more 

practical and less theoretical way. I found evidence that indicated that theory- versus 

practice-oriented ways of thinking about teaching and its implementation in biochemistry 

reflected in instructors in-class practices and obstacles they faced when instructing 

biochemistry. 

Teaching methods seen in observations and discussed in interviews were different 

among the population of biochemistry instructors. Within my sample population I had 

participants who taught in a traditional style, with lecturing as their main focus. I also had 

participants who showed a range of levels of student-centered teaching, from short group 

work activities incorporated into their lectures to extensive in-class group work time with 

almost no lecture present. Overall, the majority of biochemistry instructors displayed 

efforts toward including more student involvement in class.  

The trend of theory- versus practice-oriented ways of talking about teaching and its 

execution in the classroom was also visible in how instructors viewed active learning, and 

not only how practically or theoretically they approached their beliefs and perceptions in 

teaching biochemistry as highlighted in results summarized for the first research question.  

More teacher-centered instructors interpreted active learning as being frequently 

executed through students’ thinking through tasks and concepts while listening to lectures. 

Contrary to that observation, descriptions of active learning techniques that focused on 

involving students in in-class activities were frequently voiced among instructors with a 

more student-centered teaching focus.  
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Overall, almost all instructors, despite the level of student engagement they 

displayed in class, they felt that their classrooms provided an active learning environment. 

In essence, instructors’ interpretation of active learning in their classrooms encompassed a 

broad range.  

To gain more insight into the potential of students’ involvement in class, results 

were also viewed through the lens of the ICAP (Interactive, Constructive, Active, and 

Passive) model. The ICAP model (Chi & Wiley, 2014) describes the possible modes of 

student engagement as either passive, active, constructive, or interactive -- in increasing 

amount of student-centered teaching from the passive to the interactive level of 

engagement. Student modes of engagement are described within this model from only 

listening to lectures (passive) to also being involved in in-class discussion and extensive 

group work opportunities (interactive).  

When viewing the results of my observations of classroom methodologies used to 

teach biochemistry through the lens of the ICAP model, instructors were observed to 

provide potential platforms of student engagement primarily through supporting active and 

constructive student engagement. Many participants also demonstrated the potential to 

increase their modes of student engagement, through already displaying, to a small degree, 

more advanced student-centered methods in their classrooms.  

When I looked at why instructors did not implement more student-centered 

teaching methodologies, such as group work activities, the predominant reason was that 

instructors lacked knowledge of the tools needed to succeed in advancing their teaching 

methodologies and/or did not have an understanding of how to implement the tools they 

had. Instructors also mentioned time as a significant issue, since they felt required to deliver 
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extensive content in biochemistry classes and student-centered teaching took so much time. 

This particularly resonated with what teacher-centered instructors described, as mentioned 

in the results summary of the first research question.  

To overcome these obstacles, instructors voiced interest for having more 

instructional support in their classes, having the opportunity to observe colleagues 

implementing EBIP, and being able to benefit from what is now a non-existent network of 

biochemistry educators to share material and knowledge on alternative teaching 

methodologies. Overall, instructors believed that biochemistry instruction will become 

more active in the future, and that learning more about EBIP would be a worthwhile pursuit.  

4.4 Addressing the Third Research Question 

Within the scope of this thesis, I recruited instructors from three different types of 

institutions: doctoral-, master-, and baccalaureate-granting institutions. We know that 

perceptions and beliefs vary from individuals to individuals (Richardson, 1996), but to 

what extent can trends be identified across different types of institutions? The following 

research question was used to address these interests: 

Do beliefs and styles of teaching biochemistry vary across different types of 

institutions? 

This section is intended to provide a general idea of the commonalities observed 

within the pool of participants, to further discuss potential implications and future research 

in the following chapters. In addition, highlighted in each section are notable discussion 

points found on the departmental, course and experiential levels across the participants. 

Commonalities and differences found in this section are further discussed and related to 

one and another in the next chapter. 
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4.4.1 Detailed Views on Results Addressing the Third Research Question 

4.4.1.1 Commonalities and Differences on Beliefs Centered around the Teaching of 

Biochemistry 

Themes adhering to a utilitarian approach to teaching were seen to be present at all 

three types of institutions, as pointed out in Table 4.1. It is noteworthy to mention, that one 

theme especially, “science needs to be relevant”, came up at all institutions. Within this 

theme, instructors emphasized the importance of linking topics to students’ interests. 

The belief centered around the theme “science is for everyone to understand and 

enjoy,” came up primarily among instructors teaching at doctoral granting institutions. 

Instructors voiced the belief that everyone should understand science and opportunities had 

to be established where everyone could enjoy the lecture. 

4.4.1.2 Commonalities and Differences on Influences on Beliefs Centered around the 

Teaching of Biochemistry 

As notable influences, many instructors mentioned important relationships with 

family members that shaped their belief system in teaching. This was mostly observed 

across instructors with a significant amount of teaching experience. Themes such as 

“learning by teaching” and “educational influence” were brought up across different levels 

of institutions as well.  

Differences were seen regarding the theme “cultural influence”, where it mostly 

commonly came up among participants from doctoral institutions. However, “learning by 

learning” was only brought up, among the set of instructors investigated on the doctoral 

institutional level (Table 4.2). This last theme was mentioned among instructors with a 

significant interest in educational literature and/or research, who already executed student-

centered teaching methods in their classes.  
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4.4.1.3 Commonalities and Differences on Interests Instructors Voiced on the Teaching 

of Biochemistry 

Within the Table 4.3 commonalities were seen where the theme “teacher-centered” 

seemed to be balanced among all institutions within an institution. Everyone across 

colleges brought up the “love of teaching” as a strong factor in their interest of teaching.  

Furthermore, common across doctoral and master-granting institutions were the 

interest to share fascination and to share knowledge. A commonality between master and 

baccalaureate-granting institutions was the interest in “effectiveness of teaching on 

learning”. This theme was raised by two women more interested in educational research 

with a significant experience in teaching biochemistry and an emphasis on student-centered 

teaching methods (Dr. Maggie, Dr. Bobbie). Common themes across doctoral and 

baccalaureate-granting institutions centered on “making a difference/having an impact” 

and “self-education”. The theme to “make a difference/have an impact” was mainly raised 

by instructors with an interest in educational research and/or literature. On the doctoral 

granting institutional level, two unique themes emerged, “motivation for own research”, as 

well as the theme “advancement in position”. “Advancement in position”, for example, 

was brought up by Dr. Dana. 

4.4.1.4 Commonalities and Differences on Beliefs Centered around Teaching Goals 

For instructors oriented towards a more student-centered teaching style, application 

of knowledge and conveying knowledge often went together (Table 4.4). This was true 

across all three types of institutions. Furthermore, “application of knowledge”, “convey 

knowledge”, as well as “development of skills” were themes that emerged within the 

population of participants I interviewed across all three institutions. Between the themes 
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just mentioned, “development of skills” and “application of knowledge” often went hand-

in hand across institutions.  

Differences seen when looking closer at the doctoral and master-granting 

institutional level, were the theme “raise interest in biochemistry”, which came up uniquely 

at these two levels of institutions. Common across doctoral and baccalaureate granting 

institutions were the themes “boost confidence/be comfortable with topics” and “equip for 

future success”. 

 The themes “create models in students’ heads” was only apparent for one 

participant at the doctoral institutional level, with a more teacher-centered focus on 

teaching (Dr. Derrick). Two participants from master granting institutions emphasized the 

importance to “provide learning opportunities” to their students. 

4.4.1.5 Commonalities and Differences on Success in Achieving Own Set Goals of 

Teaching 

Within the Table 4.5, instructors across all institutions tended to feel successful in 

teaching and reaching their goals.  

Although, a difference was seen between doctoral and baccalaureate granting 

institutions, participants from those institutions said that they “feel successful with room 

for improvement”.  Relying on that one theme, one could argue that they were more self-

reflective and critical about their teaching. All of them had in common that they were 

executing various degrees of student-centered teaching. 

4.4.1.6 Commonalities and Differences on Teaching Goals and its Measure of Success 

Instructors across all types of institutions measured student success by “student 

performance”, which essentially meant exam grades (see Table 4.6). “Student feedback”, 
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was also a theme that was mentioned across institutions. Within that theme, “student 

feedback” referred to both instant in-class feedback as well as later feedback through 

student emails.  

Common across only doctoral and master granting institutions were measures of 

success such as “intuition” and “class attendance”. 

4.4.1.7 Commonalities and Differences on the Role of Biochemistry Instructors They 

See Taking Within Their Classrooms 

“Facilitator of success” was a theme that came up among all participants at all 

different institutions (Table 4.7), where instructors highlighted the goal of supporting 

students in their class and equipping them with tools to be successful. Also, “motivator” 

and “communicator” were strongly emphasized themes among instructors across 

institutions, closely followed by guiding their students in class.  That’s how most 

communicated instructor roles.  

Instructors from doctoral and master granting institutions brought up the role of 

being the “challenger” within the classroom. Participants from doctoral and baccalaureate-

granting institutions mentioned their role to be a “motivator” in particular, when teaching 

biochemistry. Common across master and baccalaureate granting institutions was the idea 

that instructors viewed their role as the “mentor. 

4.4.1.8 Commonalities and Differences on the Students’ Roles Biochemistry Instructors 

Perceived They Should Fulfill 

Participants at all institutions saw “learner”, “utilizer”, and “customer” as important 

roles participants felt students should take on (Table 4.8). 
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The only difference that emerged from that analysis was between doctoral and 

baccalaureate granting institutions, in which the role of “receiver” came up as a more 

common theme. 

4.4.1.9 Commonalities and Differences on Teaching Methods Extracted from 

Instructors’ Interviews and Artifacts 

Distinct differences were found on an institutional level with regard to Table 4.9. 

At the doctoral granting institutional level, teaching methodologies were diverse. From a 

rather teacher-centered to student-centered teaching style, both extremes were observed.  

Data collected gave the impression that there were plenty of faculty trying to incorporate 

student-centered teaching methodologies (e.g., Dr. Derrick, Dr. Dolly, Dr. Danner, Dr. 

Donna), but who still relied heavily on lecturing. At the masters granting institutional level, 

the pool of participants displayed a range of methodologies used in lecture settings to teach 

biochemistry. However, the majority still relied on lecturing as being their major teaching 

and learning channels for students. Again, attempts to incorporate more student-centered 

teaching was also apparent with this group of instructors (Dr. Manju). It is noteworthy to 

mention, that, even within the same institution, teaching methodologies varied largely 

among instructors (Dr. Maggie vs. Dr. Magnus). At the baccalaureate granting institutional 

level, strongly oriented student-centered teaching methodologies were identified among 

the participants. In general instructors with an interest in educational literature and research 

were more likely to implement student-centered teaching environments. 
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4.4.1.10 Commonalities and Differences on the Students’ Roles Biochemistry Instructors 

Perceive They Should Fulfill 

When looking at how instructors perceived active learning in their classrooms 

(Table 4.11, Table 4.12, Table 4.13), it could be seen that many instructors across multiple 

institutions and institutional types found their teaching to be active and engaging. 

Most comments related to active learning that focused on students being active 

through thinking about mentioned concepts and what instructors explained in class were 

found to be present at the doctoral granting institutional level. Instructors also emphasized 

in their definition the importance of engaging their students with the material through 

activities.  

At the master granting level, both more theory- and practice-oriented definitions of 

active learning were present. It was clear from their definition, that the majority of 

instructors that taught at baccalaureate granting institutions, were putting an emphasis on 

active learning being physically as well as mentally engaging. 

4.4.1.11 Commonalities and Differences on Providing Potential Modes of Student 

Engagements in Their Classrooms Through the Lens of the ICAP Model 

Multiple modes of student engagement were found across the different types of 

institutions investigated (Table 4.14, Figure 4.2). At the doctoral granting institutional level, 

instructors involved in this study tended to be represented in all categories of the ICAP 

framework, with even representatives executing constructive mode as well as interactive 

mode of engagement level in their classrooms. Instructors at master granting institutions 

had a multitude of modes of engagement for their students through their styles of teaching. 

Instructor at the baccalaureate granting institution were again, as categorized before, 

engaging their students overall through in-class activities. Also, one could conclude, that 
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the more interested instructors were to consult education literature (mostly seen on the 

master- and baccalaureate granting institutions) or the more likely they were to execute 

education research, the more likely it was for them to reveal a more student-centered mode 

of engagement in their own classroom.  

Instructors from all institutions showed a potential to move toward higher student 

engagement (Figure 4.3). 

4.4.1.12 Commonalities and Differences on the Challenges Instructors Faced at Different 

Institutions when Teaching Biochemistry or Wanting to Make a Change to Their 

Style of Teaching 

When analyzing challenges instructors faced with their current teaching methods, 

various obstacles were reported that were not unique to any institutions (Table 4.15); the 

challenges that were raised were applicable across all institutions.  

 When looking at the challenges raised when wanting to implement new teaching 

methodologies into their classrooms, some commonalities as well as differences were 

visible (Table 4.16). Instructors across all institutions discussed the concern of having 

students learn on their own through activities provided in the classroom. Since student-

centered teaching was well-established in baccalaureate granting institutions, fewer 

concerns regarding involving students in the process of teaching and learning were raised 

at these institutions.  

4.4.1.13 Commonalities and Differences on the Future of Teaching Biochemistry Across 

Institutions 

It was encouraging to see that many instructors moved toward more student-

centered engagement in their classes, across all different institutions (Table 4.18). 
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Furthermore, most views regarding the future of teaching biochemistry were shared 

among all three institutions investigated (Table 4.18).  

However, two differences were apparent: (1) a majority of instructors at the masters 

granting institutional level supported the viewpoint on teaching not changing much and (2) 

changes to teaching would only occur by involving more technology within the existing 

classroom setup (brought up among instructors at the doctoral and master granting 

institutional level). Only instructors with a heavy emphasis on a teacher-centered 

approaches to teaching biochemistry brought discussed the future for biochemistry 

teaching as something that would not change. 

4.4.1.14 Commonalities and Differences on Professional Development of Biochemistry 

Instructors’ - Resources Used and Desired 

It was interesting to see, that there were no preferred resources regarding PD across 

instructors working at different institutions. going to conferences or talking to peers (Table 

4.19), for example, were common across all institutions. In particular, instructors with an 

education interest in their research or an interest in literature focused on education, who 

also emphasized their interest on student-centered methodologies in class, were likely 

subjects to enjoy and utilize more PD. Also, across all institutions, instructors desired to 

learn more teaching methods and be more equipped regarding how to implement these 

methods in their respective classrooms.  

As a difference it was notable that the majority of instructors interviewed from 

master and baccalaureate granting institutions used educational literature to inform their 

teaching practices in comparison to instructors from doctoral granting institutions. 
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4.4.2 Summary of Main Results Addressing the Third Research Question 

Results revealed more commonalities than differences among the instructors 

investigated within this study, across all institutions. Additionally, since my sample size 

for master-granting and baccalaureate-granting institutional levels were relatively small 

compared to the population I had among doctoral-granting institutions, no conclusion could 

be made that related results to institutional differences. Overall, on a doctoral-granting 

institutional level, I had instructors from teacher-centered to student-centered teaching 

interests. The same held true on the master-institutional level. All participants that agreed 

to take part in this study from baccalaureate institutions displayed student-centered 

teaching approaches and ways of thinking about teaching. If differences were observed, 

they related back to the different styles of teaching instructors displayed and how they 

thought about their teaching, rather than differences in institutional levels.  

 A common belief was that instructors taught for the greater good. Across all 

institutions, I was able to see a relation between the style of teaching instructors used. 

Instructors seemed to shape their teaching beliefs through educational influences including 

teachers they had in their past. Many instructors voiced their love of teaching biochemistry 

as motivating to them. Within this study, I identified this as a rather teacher-centered 

motivational factor. Teacher-centered instructors tended to view the application of 

knowledge and the delivery of content as two separate entities when teaching biochemistry. 

This was contrary to student-centered instructors, who viewed the delivery of content and 

its application as more unified when teaching biochemistry. Teacher-centered instructors 

did describe their classrooms as active; however, their definitions varied greatly. Teacher-

centered instructors tended to describe student involvement through the process of listening 

to the instructor and thinking about what has just been explained. Student-centered 
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instructors tended to emphasize students struggling with the material through in-class 

activities. Almost everyone in my population mentioned student feedback as one of the 

most beneficial resource to assess ones’ own success. In terms of PD opportunities, what 

instructors across all institutions mainly had in common was that they did not know enough 

EBIP to implement methodological changes in their classrooms. Across institutions, the 

need was stated for more instructional support and other resources to implement changes 

in ways biochemistry could be taught. 

  



310 

 

 DISCUSSION 

5.1 Connecting The Dots 

I will relate the results from the first and second research questions by providing a 

brief summary of overall trends extracted from the data within this discussion chapter. As 

a reminder, I have listed my research questions again, below: 

First research question: 

What are biochemistry instructors’ perceptions and beliefs about teaching 

biochemistry at the college-university level? 

Second research question: 

How do biochemistry instructors think they teach biochemistry? What guides the 

decisions they make on the methods they use to teach biochemistry? 

I will also discuss the overall differences and similarities among instructors 

investigated within this study and the influence of other factors impacting beliefs, 

perceptions and actions within their classrooms, within the context of the third research 

question: 

Do beliefs and styles of teaching biochemistry vary across different types of 

institutions? 

5.2 Uncovering a Variety of Teaching Approaches in Biochemistry Education – a Brief 

Summary 

Teaching trends were identified within this study that were indications of the current 

state of biochemistry teaching at the college/university level. Overall, I identified five 
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levels in which I categorized the participants depending on the level of student-centered 

teaching they displayed. The five levels are briefly summarized below: 

• Not There Yet – a Primarily Teacher-Centered Approach. 

• Advancing Toward Student-Centered Teaching – One Step at a Time. 

• A Great Start – but Still Room for More Student Engagement. 

• Almost There – Closer to Student-Centered Teaching. 

• Student-Centered Teaching in Biochemistry – in all Shapes and Forms. 

These categories originated from the data analysis presented in Chapter 4, Table 

4.9, which offered an insight in how instructors teach biochemistry lectures. As stated 

previously, it is almost impossible to place instructors in only one category or another 

(Åkerlind, 2008; Prosser et al., 1994). During my data analysis, I therefore felt it was 

appropriate to place the instructors along a continuum, moving from teacher-centered to 

student-centered teaching. As previously defined, the term teacher-centered is used in this 

study as a passive student engagement as is student-centered teaching seen as providing a 

more active student engagement. I categorized the participants along this continuum, based 

on their tendency to use certain teaching methodologies and styles. 

 

Not There Yet – a Primarily Teacher-Centered Approach 

Dr. Mickey, Dr. Magnus and Dr. Dalton were grouped into this category. Their 

styles of teaching were similar to one another and had a strong emphasis on teacher-

centered instruction, largely dominated by lecture. These instructors primarily lectured at 

their students while writing on the chalk board or white board. If, or when, they involved 

their students actively, it was usually on a theoretical level by posing questions to “make 
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them think”. Their ways of thinking about teaching were heavily theory-driven rather than 

practice-driven.  

 

Advancing Toward Student-Centered Teaching – One Step At A Time 

Dr. Danner, Dr. Derrick, Dr. Dolly, Dr. Dixie, Dr. Manju, and Dr. Duna relied 

heavily on lecture as the tool to convey knowledge, but they also implemented varying 

levels of student-centered teaching methodologies in their classrooms, such as fill-in-the 

blank notes, small group work, in-class discussion, or in front-of the-class demonstrations. 

Participants within this category showed more evidence of application-oriented approaches 

when thinking about ways of involving their students in class than participants in the 

previous category, although the emphasis was still placed on students practicing outside of 

class rather than in class.  

 

A Great Start – but Still Room for More Student Engagement 

Dr. Donna was a biochemistry instructor who was particularly interested in 

education research. Her teaching style was still dominated by a lecture-based instructional 

methodology. However, to a great extent, she tried to involve her students through asking 

questions continuously during her lecturing and holding them accountable for answers 

throughout the class period, which distinguished her from the participants in the first and 

second categories. She put a significant emphasis on using different tools in her classroom 

to transition it into a student-centered environment as much as possible. She used tools 

such as group quizzes, POGIL exercises, and in-class discussions. Due to her education 

background, she also stressed ways in which she would implement visuals in her classroom 

and noted that it was important to point out limitations and strengths these representations 
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entailed. Her values were not yet consistent with the teaching style she implemented in her 

biochemistry classroom, something upon which I will elaborate later in this chapter. 

 

Almost There – Closer to Student-Centered Teaching 

This group of participants, which included Dr. Devora, Dr. Brigid, Dr. Dana, and 

Dr. Maggie, showed an emphasis on executing student-centered methodologies in their 

classrooms. Dr. Dana and Dr. Maggie had an emphasis on a constant conversation going 

on in their classrooms. Group work activities were of various lengths but had a significant 

emphasis on student involvement. Dr. Brigid, for example, had reduced the length of the 

“lecture” part of her day-to-day teaching and had her students constantly work in groups, 

instead. During the group work activities, her students worked on their own, with the 

instructor mainly overseeing their progress, instead of lecturing to them. POGIL activities 

were frequently utilized by this group of instructors. Dr. Devora achieved similar results 

by instituting a semi-flipped classroom. Instructors in this category still highlighted the 

need and usefulness of lectures, but also embraced more student-centered teaching 

methodologies overall, since they valued that the most. Their approaches to talking about 

their students’ learning in their classrooms were not only of a theoretical nature anymore. 

They set a strong emphasis on the use of application questions being performed by students 

in class rather than only outside. 

 

Student-Centered Teaching in Biochemistry – in All Shapes and Forms 

Within this category, I included biochemistry educators such as Dr. Berry, Dr. 

Donald, and Dr. Bobbie, who implemented a predominantly student-centered classroom 

environment by utilizing different methodologies reported in the education literature. Dr. 



314 

 

Berry for example, taught her biochemistry class as a POGIL class, whereas Dr. Donald 

transitioned his classroom into a flipped classroom setup. The two methods were different 

in nature, but had the same intent: to enhance student learning by involving students 

actively in the learning process. Dr. Bobbie organized her classroom primarily around 

students solving problems within small groups. The only time when she would lecture was 

when she felt common misconceptions would have to be addressed to get everyone on the 

right track again. This “just-in-time” teaching approach allowed her to lecture at students 

briefly to set a common ground of understanding certain topics, before letting them explore 

and struggle with the material. These instructors’ description of how teaching should occur 

in a biochemistry classroom was aligned with the practices they performed. All was action 

driven and application based.  

The results summarized above are consistent with previous research (Martin et al., 

2000). Their study explored the relationship between teaching conceptions and classroom 

practices among university science teachers. Educators oriented toward a teacher-centered 

approach tended to make use of a lecture-based style of teaching. Teachers who were more 

student-centered used whole-class discussions or student presentations throughout the class 

and therefore a larger emphasis on student learning was given. A similar trend was also 

noted by Bodner et al. (1997) as mentioned previously. 

It was remarkable to see that, within the rather small number of participants in this 

study, a rather significant difference was seen in distribution of styles in teaching 

demonstrating a variety of ways to implement student-centered approaches. Although I am 

not able to claim that the participants displayed the full range of instructional approaches 

currently implemented in biochemistry classrooms, the distribution that was observed 
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suggests that a broad range of teaching styles and their beliefs and perceptions were 

captured.  

A recent study of the teaching of physics, chemistry and biology (Lund & Stains, 

2015) found that physics classrooms provided a more student-centered teaching 

environment than chemistry classrooms. Biology classrooms were reported as being in the 

middle of this continuum, with an increasing amount of active learning engagement being 

used. Another recent study described the current state of STEM teaching among North 

Americas universities (Stains et al., 2018). That study confirmed the results reported by 

Lund and Stains (2015), that chemistry instructors still used mostly traditional instruction 

compared to biology, which, as a field, seemed to have migrated more towards student-

centered teaching methodologies.  

Within this dissertation it seemed that biochemistry, with its interdisciplinary 

nature, seemed to co-exist at multiple stages within this spectrum of teacher-centered 

versus student-centered teaching conceptions and actions, displaying a variety of teaching 

approaches and conceptions seen in chemistry and biology classrooms. The results of this 

study suggest that biochemistry seems to be following the trend of replacing its traditional 

lecture style with student-centered teaching approaches.  

In the following section, I will elaborate further on the relationship I found between 

teaching methodologies used in classes and the ways instructors thought about the use of 

teacher- and student-centered approaches. 

I used Kember’s (1997) approach to thinking about student involvement in class to 

assign the instructors to one of five categories based on the teaching styles they used. I 

found a continuum among the participants in this study of different levels of student 



316 

 

involvement (Åkerlind, 2008; Prosser et al., 1994) that ranged between the two extremes 

of Kember’s (1997) model of teacher-centered versus student-centered teaching 

conceptions. Teacher-centered approaches with an emphasis on conveying content through 

mainly lecturing, were listed in the following categories developed: 

• Not There Yet – a Primarily Teacher-Centered Approach. 

• Advancing Toward Student-Centered Teaching – One Step at a Time. 

Student-centered teaching approaches that had a larger emphasis on conveying content 

through the facilitation of student learning were listed in the following categories created 

within this analysis: 

• A Great Start – but Still Room for More Student Engagement. 

• Almost There – Closer to Student-Centered Teaching. 

• Student-Centered Teaching in Biochemistry – in all Shapes and Forms  

5.3 Main Assertions from the Results Obtained 

 In the following section, I will discuss the data I gathered to support a series of 

assertations grouped according to the following topics: 

• The Interconnectedness Between Beliefs and Perceptions About the 

Teaching of Biochemistry and Their Influences on Actions Taken Within 

the Classroom Setting.  

• The Current Trend of Teaching in Biochemistry and Its Perspectives for the 

Future. 

• Challenges Inherent in Current Styles of Teaching. 
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• Instructors Preferences and Needs to Further Develop Professionally in the 

Ways They Teach - Many Commonalities Shared. 

• Thinking Big – Large Scale Influences on the Teaching of Biochemistry 

and Factors to Consider When Implementing Strategies of Change. 

5.3.1 The Interconnectedness Between Beliefs and Perceptions about the Teaching of 

Biochemistry and their Influences on Actions Taken Within the Classroom 

Setting 

Within this section, I will attempt to discuss the participants’ beliefs and 

perceptions (from the first research question) with their methodological choices in class 

(from the second research question) and discuss similarities and differences between 

instructors’ beliefs and their approaches to teaching observed in their classrooms. 

5.3.1.1 Assertion 1: Teaching Beliefs Often Centered around the Utilitarian Idea of 

Teaching for the Greater Good – the More Student-Centered Instructors 

Were, the More Practically-Oriented They Voiced Their Beliefs 

Overall, the instructors had a utilitarian approach to what they believed were the 

ways in which biochemistry should be taught, as shown in Table 4.1. Differences were 

noticed, however, in the way instructors voiced their beliefs. Instructors with a 

predominantly teacher-centered instructional approach in teaching biochemistry (Dr. 

Derrick, Dr. Duna, Dr. Dalton) commonly identified the theme “science is for everyone to 

understand and enjoy” as central to their belief system. This belief had a rather “talking-

heavy” tone to it and was reflective of the instructors’ overall approaches to communicating 

science through lecturing. Dr. Derrick voiced his approach of teaching for the greater good 

by saying: 

I have my philosophy of life. It's more or less utilitarianism, which has been 

expressed as the greatest amount of something called happiness of the greatest 

number of people, I think it is, but I would expand it to the greatest amount of 
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whatever this happiness is for the world in general because I think affecting the 

world will affect the people who live here. We can't divorce ourselves from that. 

(Dr. Derrick, interview) 

 

The belief “science needs to involve”, through involving the students in the learning 

process, or making science fun, was mentioned by the majority of instructors who 

emphasized student-centered teaching approaches (Dr. Donald, Dr. Danner, Dr. Dana, Dr. 

Berry, Dr. Bobbie). That belief was accompanied by the notion of making students learn 

within their classrooms by having them take part in their learning (e.g. discussions, 

working in groups). Instructors with a more student-centered teaching approach were more 

likely to emphasize the practical aspect of the learning process over a theoretical approach, 

as mentioned previously. Dr. Berry, for example, stated: 

My thought on teaching biochemistry is I need to teach students how to learn 

biochemistry and what the fundamental guiding principles of biochemistry are, so 

they can go learn the new things that come out in the next 25 years, biochemistry I 

don't think we've arrived yet. […] I appreciate that it happens in small groups and 

with students struggling through materials, I think them talking is more effective 

than me talking. (Dr. Berry, interview) 

 

The belief that “science needs to be relevant” was present throughout all different 

teaching styles, from more teacher-centered to more student-centered methodologies that 

were observed. This was particularly true for Dr. Duna, Dr. Dixie, Dr. Dalton, Dr. Donna, 

Dr. Manju, and Dr. Mickey.  

The predominant themes were categorized under the umbrella of “a utilitarian 

approach”, where instructors across all different styles of teaching emphasized the belief 

that everything in the classroom should be available for everyone, for the greater good. It 

was not surprising to find that individual differences among instructors’ beliefs systems 

were based on their personal and individual interpretations of their own world (Bussis et 

al., 1976). However, it was even more interesting to identify the instructors’ goal of “for 
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the greater good,” which was routed in individual life stories and resulted in various 

approaches to meet that belief within their classrooms. 

5.3.1.2 Assertion 2: Teacher-Centered Biochemistry Instructors Shaped Their 

Beliefs on Teaching on the Basis of Experiences in Their Classrooms, 

Whereas the Majority Relied on Own Experiences Collected During Their 

Own Education 

When looking at influences instructors identified around their beliefs on teaching 

biochemistry, the theme “learning by teaching” (Table 4.2) was most common among 

instructors who used a teacher-centered teaching style (Dr. Duna, Dr. Dixie, Dr. Danner, 

Dr. Dalton, Dr. Magnus, Dr. Manju). Within that theme, instructors highlighted the 

important influence of trying out teaching on their own as being an essential part in their 

advancement in teaching practices. Dr. Duna stated: 

No. It just ... It's very strange because you just get thrown into a room. Sink or each. 

You just kind of develop it as you go. It wasn't like oh I went in knowing what I 

was doing. I had no idea what I was doing. You go and you see what resonates and 

then if it works you keep doing it. If it doesn't, you stop doing it. You have to be 

flexible. You have to be willing to change. (Dr. Duna, interview) 

 

When looking at Table 4.17, which describes teaching methods changes instructors 

had gone through in the past, Dr. Dalton was among the teacher-centered instructors (Dr. 

Dolly, Dr. Dalton, Dr. Mickey) who went back to a traditional lecture format after trying 

to implement a student-centered focus in his class. His trying out teaching on his own and 

not consulting others to receive help may have influenced his choices in going back to his 

traditional lecture style. “Learning by learning” was a theme that came up among 

participants who were more reflective about their teaching during the interview and utilized 

a more student-centered style of teaching (Dr. Devora, Dr. Donald, Dr. Donna). These 

instructors were also among those who implemented a more active classroom environment, 

ranging from semi-flipped classroom (Dr. Devora), to flipped classroom (Dr. Donald), to 



320 

 

Dr. Donna who focused on implementing group work, group quiz exercises, and class 

discussions.  

Regardless of the teaching approach the instructors preferred, many mentioned the 

impact their own teachers had on them and how observing them and experiencing their 

styles of teaching changed the way they thought about teaching and their practices today 

(Dr. Derrick, Dr. Devora, Dr. Donald, Dr. Dana, Dr. Dolly, Dr. Donna, Dr. Magnus, Dr. 

Manju, Dr. Maggie, Dr. Mickey, Dr. Brigid, Dr. Berry). 

These instructors also drew on their own learning experiences to develop their 

beliefs and subsequent teaching styles and were observed to continuously reflect on this as 

instructors of biochemistry. Dr. Derrick, for example, said that: 

Well, yeah. So, I was informed by my own experiences and they were very 

traditional. Professor X would get up and talk for an hour and then you'd go home, 

and you'd study for a couple of hours to figure out what they said. No, I think we 

all agree that wasn't a very good way to do it and I think when I arrived here, I 

thought it would be the same way and I quickly realized it's not like that at all. You 

really have to engage them and try and try and get them working with each other 

and talking to each other. (Dr. Derrick, interview) 

 

Overall, similar influences identified in this study were also found within the context of 

research on preservice teachers’ beliefs, as highlighted by Richardson (1996).  

5.3.1.3 Assertion 3: Instructors’ Interest in Teaching Did Not Depend on Their 

Teaching Approaches 

 I observed three groups that differed in their interest in teaching. The groups 

focused on their student’s benefits (student-focused), their own benefits (teacher-focused), 

or sometimes both. The instructors were grouped as follows: instructors who were more 

student-focused in their interests to teach biochemistry (Dr. Duna, Dr. Dalton, Dr. Donna, 

Dr. Berry), instructors that were more teacher-focused (Dr. Devora, Dr. Dixie, Dr. Donald, 

Dr. Danner, Dr. Dana, Dr. Dolly, Dr. Magnus, Dr. Manju, Dr. Maggie, Dr. Brigid, Dr. 
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Bobbie) and instructors that were driven equally by both (Dr. Derrick, Dr. Mickey). Among 

instructors with a more teacher-centered teaching approach (e.g. Dr. Danner, Dr. Magnus, 

Dr. Manju, Dr. Dixie) (see Table 4.3), “self-education” came up (Dr. Derrick, Dr. Dixie, 

Dr. Danner). These instructors enjoyed the benefit of learning new material and advancing 

their knowledge continuously through preparing novel slides and getting new examples 

ready for class. Consider the following statement by Dr. Danner: 

The other thing is, since I do that every year, I like to change things around 

somewhat just for my personal benefit, so I don't get bored and learn something 

new. That's one of the things that I enjoy about teaching that you ... you're sort of 

educating yourself. You're learning things new again. You have to inform yourself 

about what's currently being done in that field. (Dr. Danner, interview) 

 

This aligned well with the notion of traditionally-oriented instructors being more 

interested in teaching themselves about new methodologies by trying them out on their 

own in the classrooms (Dr. Dixie and Dr. Danner). Other examples (Dr. Derrick and Dr. 

Mickey) of teacher-centered instruction also mentioned interests motivated from the side 

of the students and the side of the instructor, equally.  

Within a more lecture-focused setting, Dr. Dalton and Dr. Duna verbalized different 

student-focused motivations, for instance “sharing fascination” about biochemistry, which 

they mainly shared through lecturing. Dr. Duna elaborated on this motivation: 

I really just taught large enrollment undergrad classes my whole time, which I like 

because you get a big ... there's a big impact factor. I think that's important. That 

turned out to be important for me. You know, knowing that what I did actually 

affected somebody. […] Oh, yeah. Yeah. That's what's really important to me 

because nobody's going to care exactly what they learned from me, but that I made 

an impression on them on how to learn, that's more important to me. (Dr. Duna, 

interview) 

 

Some instructors with a more student-centered teaching approach mentioned their 

interest in teaching to be more student-focused (Dr. Donna and Dr. Berry) than teacher-
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focused (as can be seen in Table 4.3) in terms of  themes such as creating an “aha moment”, 

or to “make a difference/ have an impact” on students, and enjoying “mentoring” students. 

Other student-centered instructors cited teacher-focused factors to explain why they were 

both motivated to teach and to implement student-centered approaches in class (Dr. 

Devora, Dr. Donald, Dr. Dana, Dr. Dolly, Dr. Maggie). These factors had the commonality 

that their primary motivation was instructor-focused. Dr. Maggie elucidated this by 

discussing her “love of teaching”, which drives her interest in teaching biochemistry: 

I love teaching and I love biochemistry. How we work on the molecular level - that 

we don’t keel over on a regular basis needing a reboot - is fascinating to me. The 

molecular dance that allows us to think, move, and live is elegant, robust, and yet 

driven by random molecular motions and collisions. How cool is that. (Dr. Maggie, 

integrative statement for promotion to tenure) 

 

The analysis of instructors’ interest in teaching revealed additional factors besides 

motivating students. These results resembled those reported in previous research in which 

college instructors from multiple disciplines with a student-centered approach showcased 

more interest in motivating students to reach their goal of facilitating learning and engage 

students in challenges (González, 2011). 

5.3.1.4 Assertion 4: Teacher-Centered Instructors Were More Likely to View the 

Application and the Delivery of Biochemical Concepts as Two Separate 

Entities, Stressing Their Theory-Oriented Way of Thinking About 

Teaching 

When analyzing instructors’ goals in teaching biochemistry, the theme “application 

of knowledge” (see Table 4.4) was emphasized by instructors with traditional and non-

traditional teaching styles. However, the “application of knowledge” and the delivery of 

knowledge were seen as separate entities for the more traditionally-oriented instructors (Dr. 

Derrick, Dr. Dixie, Dr. Dalton, Dr. Manju, Dr. Mickey). This suggests that teacher-centered 

instructors were more likely than student-centered instructors to verbalize their teaching 
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goals in a theoretical context. It seemed that knowledge was assumed to be applied through 

thinking through a presented problem rather than practicing them in class. This was usually 

done by the instructor through talking/lecturing in the classroom to also meet the shared 

belief that “science needs to be relevant” to the audience (e.g. Dr. Dixie, Dr. Dalton, Dr. 

Manju, Dr. Mickey). The following quote from Dr. Derrick stresses his more theory-

oriented way of thinking about learning and his goal for his students to apply the knowledge 

on their own mostly, with only a few problems posed in class: 

Well, what I tell students when I meet with them, what I'm hoping for them to be 

able to do is to produce a model in their heads that they can refer in order to 

understand the story. […] So certainly, one goal is I want them to understand and 

appreciate the structure of biochemistry, how it does a very good job of explaining 

how energy is produced from the metabolism of nutrients, that sort of thing, on a 

content level, but in the process of doing this also, I'm hoping that they'll be 

challenged to think of problems, do some problem solving. […] Then once you 

know those things, with this model, that I hope that they acquire, I want them to be 

able to apply it to new situations because that's what they'll do. Whatever they do 

in life, they'll have to think outside the box and take their knowledge and their 

background to apply it to new situations. So that's part of it also and that's done 

partly by giving them problems to solve. There is some problem solving in that 

class outside of the exams. (Dr. Derrick, interview) 

 

Student-centered instructors were more likely to talk about delivering the knowledge 

through practicing application in class. Here, Dr. Maggie gives the viewpoint of a more 

practice-oriented instructor: 

By actively engaging students in the course material, my goal is that they learn 

biochemistry concepts that are retained after the course is complete. In the group 

work, my goal is that they also learn important process skills, such as problem 

solving, critical thinking, and how to efficiently work with others in a technical 

team. (Dr. Maggie, integrative statement for promotion to tenure) 

 

She further elaborated in the interview: 

 

I know this is somewhat of a spin of mine is that I'm much more interested in 

watching them active learn versus I need them to learn exactly this. I'm kind of like, 

"Well, they'll ..." I'm trying to as we say magic [inaudible 00:33:30] down to 
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biochemistry. What will be revealed to them will be revealed to them in the process 

of doing it. (Dr. Maggie, interview) 

 

This more practice-oriented way of thinking about teaching came up among the 

student-centered instructors, who expressed the importance of involving their students in 

the learning process and making learning fun in class (see the teaching belief’s theme 

“science needs to involve”) (Dr. Donald, Dr. Dana, Dr. Berry, Dr. Bobbie). A similar 

phenomenon was reported by González (2011) for college instructors from different 

disciplines. Overall, the development of different skills and the application of knowledge 

often went hand-in-hand for instructors with various levels of student involvement in their 

classrooms. For many instructors, it was also important to “increase interest in 

biochemistry”, with a variety of teaching methods displayed. 

5.3.1.5 Assertion 5: Biochemistry Instructors with a More Teacher-Centered 

Approach to Teaching Were More Theory-Focused When Verbalizing 

Their Ways of Implementing Active Learning Engagement 

The notion of theory-oriented ways of thinking about learning and applying 

knowledge also came up for teacher-centered instructors when they talked about their 

beliefs about how active they viewed their classrooms to be. In general, instructors with a 

more teacher-centered approach (e.g. Dr. Dixie, Dr. Dalton, Dr. Dolly, Dr. Magnus, Dr. 

Mickey) talked in a more “thinking-focused” way of active learning engagement (see Table 

4.12, and Table 4.13). Dr. Mickey, for example, viewed active learning through the lens of 

“watching” his students actively learn while he was lecturing in class: 

As I mentioned earlier, lecture, to listen, process, and to take notes, that is an active 

learning process, so I think what I do is active learning. It's just on what I would 

call the traditional side of active learning, and the new methods that are coming out, 

I'd, you know, I'd ... done a little bit of a disservice to themselves by not 

acknowledging that lecture is a form of active learning. (Dr. Mickey, interview) 
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To support this assertion, Dr. Magnus provided a view on how his traditional classroom 

was still providing an active learning environment: 

I try to engage them, if nothing else, by asking questions, even if they're rhetorical 

questions, meaning I don't necessarily expect them to answer at least hopefully that 

they are thinking about these things. […] I guess in that context, if the students are 

mentally engaged in what's going on then that's an act of learning, even if they're 

not necessarily physically engaged. I think a lot of people will define active learning 

environments are one where the students are actively asking the questions or 

involved in discussions. Lots of give and take. My class, certainly like I said, doesn't 

have as much event as others do. If I can have the students be thinking about these 

things in their own head, then perhaps it's active but in a different way. (Dr. 

Magnus, interview) 

 

Most teacher-centered instructors categorized their classrooms as providing an 

active learning environment (Dr. Dr. Dixie, Dr. Dalton, Dr. Dolly, Dr. Manju and Dr. 

Mickey) or providing an active learning environment with limitations (Dr. Duna, Dr. 

Danner, Dr. Magnus) (see Table 4.13). Instructors who used more student-centered 

teaching methodologies expressed the importance of students’ involvement in a more 

activity-driven way when talking about active learning engagement (e.g. Dr. Devora, Dr. 

Donna, Dr. Maggie, Dr. Brigid, Dr. Berry, Dr. Bobbie), as the following quotes illustrate: 

Active learning is where the students are given a task, and they have to come up 

with a reasonable result or answer on their own, maybe with some help from me 

[…]. […] I think science is always a conversation, and if you can help the […] 

conversation, that's good. It's something that stimulates them to come up with an 

answer, and at the same time, promoting their understanding of the particular topic, 

so they have to be able to conceptualize what's going on. […] Yeah, this is mostly 

in group work. Active learning […] in group work, that is what's going on. (Dr. 

Brigid, interview) 

 

Active learning is when the students are busier than the instructor is. They are 

mentally engaged with the material and do actively doing […] things with it. Like 

about the small group work is it's really hard to fall asleep. In a lecture, even my 

own notes I can see my handwriting trailing off. I think active is very much them 

minds on, hands on thinking about it. (Dr. Berry, interview) 
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The more student-centered the instructors’ classrooms were, the more critical they 

were about their ways of improving their teaching (as seen in Table 4.13). This additional 

layer of reflection was seldom seen among the more teacher-centered instructors, who 

mainly carried out their “active” engagement through talking at their students (e.g. Dr. 

Dolly, Dr. Magnus, Dr. Mickey, Dr. Dalton).   

5.3.1.6 Assertion 6: Instructors Implementing Student-Centered Learning 

Techniques Appeared Less Confident of Achieving Their Goals Than Those 

Using Teacher-Centered Methods in Their Classrooms 

When it came to the perception of achieving their set goals in their personal 

classroom environment, the more traditional, teacher-centered instructors seemed to be 

more confident in their success in the classroom than their colleagues who were applying 

a more student-centered teaching approach (Table 4.5). The student-centered instructors 

(Dr. Berry, Dr. Brigid, Dr. Donald, Dr. Maggie) were more critical about achieving their 

goals in their classrooms. Dr. Donald supported this assertation by raising the need of 

continuously improving one’s teaching: 

Yeah, well nothing's perfect. It's always, there's an imperfection. After a class, I'll 

take one of the problems that wasn't working well for the students, and why was 

that? Kind of look at it and I can change it for the next time. (Dr. Donald, interview) 

 

These instructors also seemed to value the importance of the “application of 

knowledge”. This might be an indication of how critically they were thinking about making 

student-centered teaching work, for which they still needed significant amounts of support, 

regardless of their level of success implementing these methods. 
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5.3.1.7 Assertion 7: Most Instructors Used Student Feedback as One of Their Main 

Measures of Success in Achieving Their Goals, Whereas Teacher-Centered 

Instructors Were More Likely to Use Intuition as Another Important 

Measure of Success 

As can be seen in Table 4.6, instructors with a teacher-centered teaching style 

seemed to be using various measures in reaching their goals in the classroom. Relating 

these results back to their perception of success in reaching their goals, most instructors 

who felt more successful in their teaching drew that conclusion from student feedback they 

received. Two contrary examples were noted in this study, however, that show how 

different teacher-centered instructors measure their success. Dr. Derrick, a teacher-

centered instructor, noted that he did not feel successful in reaching his goals. He did not 

put an emphasis on measuring his success based of student feedback, but rather based it on 

“class attendance” and “student performance”. He expressed concern about students who 

did not attend his class and his students not performing well on the tests he would give. 

However, he was a teacher-centered instructor who raised the issue of his classroom not 

being much active as of right now. This was a unique view since many teacher-centered 

instructors were confident about their classrooms providing an active learning 

environment. Dr. Magnus, also a teacher-centered instructor, was confident that his 

classroom provided active student engagement and he was also confident that he reached 

his goals in class with his current style of teaching. He measured his success by student 

feedback. 

When a student-teaching-centered focus was used, many instructors relied on 

“student performance”, “student feedback” and some on “class attendance” as their 

personal measures of success. Dr. Brigid stated: 

Some students tell me, "Oh, this is great. This class is great because now I see why 

I had to learn all that other stuff, why buffers were important, why I had to learn 



328 

 

those organic mechanisms, because they all kind of come together at the end in 

Biochem and Advanced Biochem." (Dr. Brigid, interview) 

 

More teacher-centered instructors also verbalized the need to base their success on 

their intuition in class through looking at their student while lecturing and “seeing” if they 

understood the material (Dr. Duna, Dr. Dixie, Dr. Manju, Dr. Mickey). These more 

traditionally oriented instructors emphasized that they felt successful when their teaching 

was based on their intuition. This result was aligned with their overall notion of conveying 

knowledge to the students by having them receive it from the instructor by listening, as 

previously discussed. 

5.3.1.8 Assertion 8: Both Theoretical and Practical Ways of Thinking About 

Teaching Reflected How Instructors Described Their Roles in Class 

When looking at their roles in their classrooms as shown in Table 4.7 on perceived 

teacher roles, instructors who described their roles as both communicator and motivator 

(e.g. Dr. Derrick, Dr. Duna, Dr. Dixie, Dr. Dalton, Dr. Dolly) were those who used a more 

teacher-centered teaching approach but also included some instructors with a student-

centered teaching approach (e.g. Dr. Devora, Dr. Donald, Dr. Brigid). The emphasis for 

teacher-centered instructors rested more on the side of communicating the content through 

stories in a lecture setting, rather than practically applying the knowledge in class. The 

following quote by Dr. Duna emphasized that relationship as an example for teacher-

centered instructors: 

You have to understand human nature to be a good teacher. You have to understand 

what motivates 18-year-olds. Right? 19-year-olds, 20-year-olds. That's kind of 

what I end up going back on. You got to put yourself in their shoes, not what you 

think is important. You got to frame it around what they think is important. That's 

where it gets trickier. […] If you tell them why you're doing something, they're 

much more motivated. Not just because I said so, but this is why I want you to 

learn. This is why I want you to do this. They're much more willing to follow along 
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instead of do it because I said so. […] Okay. My job is to impart the information. 

[…]. (Dr. Duna, interview) 

 

Dr. Brigid, a student-centered instructor, talked about her roles in a more practically 

oriented way, to get her students to do activities both inside and outside of class: 

Okay, my role and responsibility is to help students understand the material and 

guide them through the material. I can't learn it for them. They have to have the 

responsibility of putting in the effort to learn it, and I do understand ... […] I think 

real learning and solidifying understanding has to happen outside the classroom, 

because there's a minimum amount of time in the classroom. I can facilitate it as 

much as possible, but inside the classroom, there's just not enough time […]. Again, 

and I think this goes back to my thoughts that you have to reinforce what you're 

learning all the time, and the exercises I give them in the classroom is a way for 

them to think about how they can think about questions that will reinforce their 

learning. […] Yes, I think by showing that I'm interested in understanding what 

they do and don't understand, and helping them become motivated to understand 

the material. I can help them, but it's not all me. It has to be some them. They have 

to have some of that internal motivation to do it. I think I can help influence them. 

(Dr. Brigid, interview) 

 

The role of “challenger” (Dr. Dixie, Dr. Dolly, Dr. Magnus) was also identified 

among roles teachers fulfilled in the classrooms. When used by instructors whose focus 

was teacher-centered, “challenger” was primarily theory-based, where the students were 

challenged by what the instructors said and to think about certain ideas during lecture. Dr. 

Magnus elaborated on his role as a “challenger” in the classroom: 

[...] You're going to learn a lot more by taking the challenging exam than you would 

from the not challenging exam. I'm really doing my job if I write an exam that 

you've missed a lot of questions on." The students don't like that. (Dr. Magnus, 

interview) 

 

The role of “facilitator of success” (Dr. Derrick, Dr. Dixie, Dr. Magnus) was brought up 

during the interviews among participants from all of the different categories of teaching 

styles. The ways in which instructors talked about being a facilitator in their classroom, 

however, was more through communicating the knowledge by lecturing for teacher-

centered instructors. Instructors with a student-centered emphasis on teaching, displayed a 
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more practice-oriented facilitation in class (e.g. Dr. Dana, Dr. Maggie, Dr. Brigid, Dr. 

Berry and Dr. Bobbie). In their classroom environment, students were asked to do 

activities, solve problems in groups, with the instructor providing help during class time. 

The focus on the role of being the facilitator was common for instructors who implemented 

a more active learning environment in their classrooms (e.g. Dr. Duna, Dr. Danner, Dr. 

Donna, Dr. Maggie, Dr. Bobbie). Instructors who focused on active learning engagement 

in their classes mentioned their role in class to be rather a “facilitator of success” than 

“communicator” (Dr. Dana, Dr. Donna, Dr. Berry and Dr. Bobbie).  

5.3.1.9 Assertion 9: Teacher-Centered and Student-Centered Instructors Valued 

Different Roles for Their Students During Class 

Utilizers of less student-centered instruction saw the role of their students (see 

Table 4.8) as the “learner” and “utilizer” (Dr. Dixie, Dr. Danner, Dr. Dalton, Dr. Magnus). 

They shared a common mindset of students getting information in class and learning it 

outside of the classroom. This was consistent with the way they presented information in 

the classroom setting. The one-way mode of instruction through lecturing equipped 

students with the necessary knowledge in class, but they were expected to primarily use 

the opportunities outside of class to learn the material (e.g. Dr. Magnus). That was 

consistent with the notion of instructors with a traditional, teacher-centered lecture style 

who thought students were responsible for their own learning. Dr. Danner and Dr. Manju 

were the participants who brought this up most frequently during their interviews. Most 

research literature revealed a larger emphasis on discussing active learning happening 

within a classroom setting as opposed to outside of the classroom. “Outsourcing” active 

learning from the classroom does not reflect evidence-based practices and 

recommendations on how active learning should be implemented to lead to successful 
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student learning (Barkley, 2009). More “active” instructors were willing to talk about 

students trying out, failing, and their need to be willing to fail during in-class activities, 

with the instructor on the side to help and guide their students through problem they solve 

(e.g. Dr. Devora, Dr. Donna, Dr. Berry, Dr. Maggie, Dr. Bobbie), which is a common 

theme among college instructors in different disciplines (González, 2011). This more 

practical, less “theory-driven” approach to learning became more common for instructors 

who made more use of student-centered methodologies, and can be seen in the following 

statements from Dr. Donna and Dr. Bobbie: 

But the student's role is to be engaged. I try to provide the atmosphere and provide 

the resources for them to take and be engaged and to help facilitate those 

connections they've made. (Dr. Donna, interview) 

 

They need to be active learners, that they can’t learn without doing it themselves 

and that they need to be trying things even if they are the wrong things and making 

mistakes in order to learn. (Dr. Bobbie, interview) 

 

 Teacher-centered instructors primarily talked about students’ ways of learning in 

a more theory-oriented way. Dr. Dalton, for example said, that during his career he wanted 

his students to learn, and how he thought about teaching and why he started again to 

execute such detailed board work lectures. His talking through each step in his own words 

gave him the impression of making his students’ learning experiences more valuable and 

contributing their learning, instead of incorporating more activities in class, as he tried once 

during his career. As might be expected, the approach of talking to make students 

understand was common among instructors who had a lecture-focused classroom 

environment (e.g. Dr. Dixie, Dr. Dolly, Dr. Mickey). 

Traditional instructors who were trying to incorporate student-centered methods 

usually experienced the need to “squeeze” in these activities (see Table 4.9). Dr. Derrick, 
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for example, implemented short group work activities of two minutes each for his students 

to talk about a question he posed. This was probably not enough time to advance students’ 

thinking and make it beneficial to them. It was well-intended, but rather “rushed.” For 

instructors who made use of more student-centered teaching methodologies, activities 

became longer and there was a larger emphasis on letting students “do the talking”. 

5.3.2 The Current Trend of Teaching in Biochemistry and its Perspectives for the Future 

 This section will include assertions that came from the use of the ICAP 

framework. 

5.3.2.1 Assertion 10: Biochemistry is More Likely to be Taught Using Student-

Centered Methods than in the Past  

I chose the ICAP framework developed by Chi and Wylie (2014) to enrich the 

insight I gained through the inductive analysis of interview data discussed in the first half 

of this chapter. The following discussion is based on results that originated from a holistic 

interpretation of instructors’ teaching styles within their classrooms and considered all data 

sources obtained (observations, interviews, artifacts). Within the four categories of student 

mode of engagement in the ICAP framework, from “passive” to “interactive”. I grouped 

the instructors within the following groups of potential student mode of engagement (see 

Figure 4.2): 

• Passive mode of engagement.  

o This mode of engagement was not primarily identified in either the 

classrooms I observed or highlighted in the interviews, therefore, no 

instructors are listed. 

• Active mode of student engagement. 
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o Dr. Derrick, Dr. Dixie, Dr. Danner, Dr. Dalton, Dr. Dolly, Dr. 

Magnus, Dr. Manju, Dr. Mickey. 

• Constructive mode of student engagement. 

o Dr. Duna, Dr. Dana, Dr. Donald, Dr. Donna, Dr. Maggie, Dr. Brigid. 

• Interactive mode of student engagement.  

o Dr. Devora, Dr. Berry. 

The ICAP framework was used to categorize differences between what happened 

in the participants’’ classrooms in order to obtain a better insight on the interpretation of 

instructional approaches discussed within this study (see Table 4.14, Figure 4.2). Within 

the ICAP-generated categories I was able to confirm the trend that I saw in my analysis 

using the lens of teacher-centered versus student-centered approaches to teaching. Within 

the ICAP framework, teacher-centered approaches would be comparable to the passive 

mode or active modes of student engagement, whereas student-centered approaches would 

be most comparable to the constructive or interactive modes of student engagement.  

The ICAP framework revealed a potential trend that suggested that the teaching of 

biochemistry was executed at differing levels of student activity, with the smallest 

engagement of students occurring in teacher-centered classrooms where the instructor 

posed questions while lecturing, and the largest level of engagement occurring through 

extensive group work opportunities where interactive student engagement was fostered 

(Figure 3.6). The ICAP framework views student mode of engagement through the lens of 

how active students are in the classroom. As stated throughout this dissertation, I 

interpreted students’ level of engagement by looking at instructors’ styles of teaching. The 

authors of the ICAP framework acknowledge that different teaching styles encourage 
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certain student modes of engagement. Because the study design did not provide data on 

students’ behavior in the classrooms, I have used carefully chosen language in this section 

to imply how the participants teaching styles could potentially provide a certain mode of 

engagement. The discussion of my results from the perspective of the ICAP model should 

be seen as nothing more than suggestions in categorizing ways of instruction in 

biochemistry classrooms. 

Many instructors within my study showed signs of both active and constructive 

student engagement within their classrooms. Two out of seventeen instructors provided a 

platform for potentially instituting students’ mode of interactive engagement (Dr. Berry 

and Dr. Devora, see Figure 4.2).  

The ICAP framework gives suggestions for the benefits students experience when 

classrooms provide a certain mode of engagement, with the students potentially learning 

more effectively through reaching a higher mode of student engagement. For example, 

among the many instructors who provided an active mode of engagement in their 

classrooms, they probably only provided their students with a “shallow understanding” of 

concepts in class (Figure 3.6). As Chi and Wylie (2014) suggested within the active mode 

of engagement, students are not generating new knowledge, but rather rehearsing or 

repeating knowledge brought up during class. This is likely to be happening in classrooms 

were lecturing was still the dominant teaching style, which made me categorize instructors 

within the active student mode of engagement, who mainly displayed those methods of 

teaching. 

When providing a constructive mode, Chi and Wylie (2014) suggested that students 

would be exposed to “deep understanding, potential for transfer”. Instructors who were 
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included in this mode used more teaching approaches to engage their students 

constructively, such as fill-in-the blank notes, for example.  

Dr. Berry and Dr. Devora were categorized within the interactive student mode of 

engagement. With their extended use of in-class group work, long student group 

interactions and discussions, they were more likely to create a platform for an interactive 

mode of student engagement. The ICAP model suggests that within that mode, student 

would experience “deepest understanding, potential to innovative novel ideas”, through 

“dialoguing” (Figure 3.5). 

In the context of this study, it was beneficial to use the ICAP framework to view 

my results since it gave suggestions on how students were engaged in the classrooms I 

looked at. The learning gains that were associated with each mode of student engagement 

within the ICAP model (Figure 3.6), were also the result of a literature analysis Chi and 

Wylie performed. In that analysis, they looked at what learning gains students achieved 

through the use of certain in-class activities and correlated these gains to a specific student 

mode of engagement they postulated. When interpreting my results through the lens of the 

ICAP model, I had to be cognizant of the fact that even though instructors were giving their 

students an opportunity with a certain task to engage in a certain level of student 

engagement, it did not have to mean that students fully engaged to the level expected of 

the task proposed.  

 The instructors I studied often showed signs of teaching methods that would 

encourage a higher level of student engagement (Figure 4.3). If instructors were to 

incorporate these methods more extensively, they could possibly reach a higher mode of 

student engagement.  



336 

 

From the perspective of the ICAP model, the instructors who provided an active 

mode of engagement showed signs of providing the basis for a constructive mode of 

engagement (see Figure 4.3Figure 4.3, Figure 3.5). Instructors (such as Dr. Dalton, Dr. 

Dixie, Dr. Manju, and Dr. Mickey) who encouraged students to take notes in their own 

words or incorporated short discussions more in class. Also, some instructors, such as Dr. 

Brigid, Dr. Bobbie, Dr. Dixie, Dr. Donald, and Dr. Donna showed signs of a higher mode 

of student engagement in their classrooms. These instructors more frequently provided a 

platform for constructive mode of engagement. However, through some use of discussions 

in class and longer group work activities, they showed the potential for more extensive 

dialoguing that would provide an interactive student mode of engagement according to the 

ICAP model.   

5.3.2.2 Assertion 11: Most Instructors Agreed – the Teaching of Biochemistry Will 

Become More Student-Centered in the Future 

To better understand instructors’ beliefs about teaching biochemistry, I asked them 

about their views of where they think the teaching of biochemistry would go in the future. 

The majority of instructors believed that student-centered teaching would become more 

common in the future (refer to page 272 and thereafter), as mentioned by many instructors 

in this study (Dr. Derrick, Dr. Devora, Dr. Dixie, Dr. Donald, Dr. Dana, Dr. Dalton, Dr. 

Dolly, Dr. Donna, Dr. Brigid, Dr. Berry and Dr. Bobbie). Consider, for example, the 

following quote from Dr. Dixie: 

I think it's gonna be certainly more active learning. However, you define that, even 

if it's just more student participation because even though they don't like it and they 

claim they don't like it, if you ask them, "Would you be in an active learning class," 

most of them are probably gonna be like, "Oh no. What is that, that sounds weird. 

That sounds like you want me to do a lot." But then you get more out of it. It's more 

fun. (Dr. Dixie, interview) 
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These instructors also showed signs of having already increased the level of student 

engagement in their classroom by incorporating group work to a varying level in their 

classrooms (Dr. Derrick, Dr. Devora, Dr. Dixie, Dr. Donald, Dr. Dalton, Dr. Dolly, Dr. 

Donna, Dr. Brigid, Dr. Berry). 

Instructors who believed that teaching was staying the way it traditionally had been, 

were those who were comfortable with the way they taught biochemistry (see Table 4.5, 

Table 4.13), usually with a larger emphasis on teacher-centered teaching (Dr. Duna, Dr. 

Magnus, Dr. Manju, Dr. Mickey). Dr. Duna states: 

I don't think it's going to change very much. It hasn't particularly changed over the 

last 75 years. I can't imagine the next 10 years are going to be that much different. 

The same information's going to be important. […] I see myself pretty much doing 

what I'm doing. Yeah, and maybe ... I can't see it changing too dramatically. (Dr. 

Duna, interview) 

 

Instructors who had already incorporated teaching methods that would promote a 

higher mode of student engagement, were especially supportive of active learning being an 

integral part of future biochemistry teaching methodologies and styles, as would be 

expected. Dr. Brigid, who was among the instructors who incorporated activities that would 

promote a higher mode of student engagement, said: 

The resources are there. The teacher is there to help them figure out what resources 

are right, or what resources are useful. I think the way that I understand teaching in 

elementary and secondary schools is going now, I think we have to be able to adapt 

to that. I think getting away from teacher-centered learning ... […]. 

 

5.3.3 Challenges Inherent in Current Styles of Teaching 

5.3.3.1 Assertion 12: Many Instructors Do Not Have Either the Knowledge or the 

“Tool Box” Needed to Succeed in Moving Toward Evidence-Based 

Instructional Practices 

A multitude of challenges in the way biochemistry courses are now being taught 

were identified by instructors. I will discuss overall trends I saw that hindered instructors’ 
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ability to improve their way they taught biochemistry. Most of these challenges centered 

around the main themes of missing knowledge about implementing active learning 

techniques and tools needed to implement evidence-based practices in one’s own 

classrooms (Table 4.15, Table 4.16). 

5.3.3.1.1 Assertion 13: Some Participants Feared that Making Changes Could Lead 

to Failure 

  Many instructors were anxious about failing at their teaching, which was 

demonstrated on many different levels. Dr. Brigid and Dr. Bobbie mentioned the fear of 

not receiving good student evaluations as a potential obstacle instructors might face during 

the implementation of student-centered teaching techniques. Dr. Brigid brought up an 

example of this: 

I tried to do some of this stuff, and the students didn't like it because it wasn't what 

other people were doing, and therefore I got bad student evaluations. (Dr. Brigid, 

interview) 

 

Dr. Derrick was afraid of failing in his class through the lack of knowledge of ways 

to implement new teaching strategies. The fear of failing was also communicated as too 

big when making big future adjustments to their styles of teaching by Dr. Dixie, Dr. Danner 

and Dr. Derrick and Dr. Duna. Dr. Duna expressed these feelings by stating:  

Right now it's ... I mean I'll change it on the fly if it feels wrong, and I'll do it but 

it's working. I don't want to break it. Let's put it that way. (Dr. Duna, interview) 

 

The phrase that many instructors seemed to hold on to was: “never touch a running system.” 

However, most of the instructors who were afraid of failing were successful research 

scientists, where they frequently made adjustments to their “running system” – it just 

seemed to be more difficult to make changes in their teaching than in their research. 
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5.3.3.1.2 Assertion 14: Letting Go - Giving up the Position of the Knowledge 

Conveyer and Moving toward Being a Facilitator is a Mean of Supporting 

Active Learning 

Some concerns about failing were emphasized more emphatically by some of 

instructors. For instance, Dr. Derrick, who strongly believed he was the key provider for 

understanding and learning in his classroom, was unsure about how much students would 

read on their own. He was concerned about how students would make up for the “loss” of 

material if he were to replace his lecture with longer group activities. Dr. Manju and Dr. 

Berry expressed similar concerns. Dr. Derrick and Dr. Manju both worried about letting 

students read essential material and coming prepared to class. Dr. Derrick voiced this 

concern, stating: 

[…] I'm putting together a story based on a lot of different sources I feel, they don't 

have time to go to all these sources […] maybe the journey, having them go through 

the process a bit themselves will make it stick better. So that's a balance I haven't 

figured out. How much should they be doing themselves? (Dr. Derrick, interview) 

5.3.3.1.3 Assertion 15: Many Instructors are Concerned about Missing the Tools to 

Implement Evidence-Based Practices 

Instructors often lack basic knowledge on instructional practices (AAAS, 2012), 

which could lead to possible misconceptions and barriers that built up in regard to putting 

active learning into action. 

Concerns about how to implement group work effectively were expressed by Dr. 

Derrick, Dr. Devora, Dr. Manju, Dr. Bobbie. During his interview, Dr. Derrick brought up 

these concerns: 

I think one of the challenges that I still have is the nature that all students have the 

ability to get support from each other because you might have some students who 

know each other already and they work together, but then there were some others 

who for whatever reason don't have that support group and they're at a disadvantage 

if they won't come to see me, which they usually don't. So unfortunately, from what 

I've heard, you really can't institute work groups. The students hate that if they said, 

"Oh, we'd have to work with X when we don't know this person," or whatever. So 
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I don't know really the solution to that, but I think teaching comes from many places 

and from each other as well. So ways to increase that would be helpful I think. (Dr. 

Derrick, interview) 

 

He further elaborated: 

 

[…] I'm familiar with the idea there of having the students work on problem solving 

in the class where you're available to help them out. I just never in my own mind, I 

couldn't figure out how to get it to work. I still feel, maybe it's my traditional 

upbringing. I still feel that I should be there to provide the content or at least. (Dr. 

Derrick, interview) 

 

Other instructors, such as Dr. Dana, noted that she did not know how to change 

existing activities to map them onto best practices. Teacher-centered instructors often said 

that lecture was the best method for instructors to convey knowledge (e.g. Dr. Dixie, Dr. 

Mickey), and Dr. Mickey went on to say: “'I’m a traditional lecture person. To me, that's 

efficient. It gets things done quickly and efficiently. (Dr. Mickey, interview) 

Another concern that arose was knowing how to ask the right questions or pose the 

right tasks to have students engage in learning (e.g. Dr. Brigid, Dr. Berry, Dr. Maggie). 

Concerns about students not “buying in” properly was associated with instructors’ 

perception that their students were not prepared for active learning engagements and 

therefore might not engage in these activities (e.g. Dr. Devora, Dr. Donald, Dr. Mickey, 

Dr. Brigid). The following quote from Dr. Mickey showed that concern: 

To do POGIL right, the student has to do a lot of the work themselves, and I learned 

early on that a lot of first-generation students aren't quite ready for that yet, so that, 

yeah. That's why I moved away from that fairly quickly. (Dr. Mickey, interview) 

 

Instructors noted that they were less likely to try out or pursue new methods of 

instruction if they heard about or experienced anything negative with new instructional 

methods they have not tried out yet themselves (Dr. Derrick, Dr. Dolly, Dr. Mickey). To 

illustrate this point, Dr. Mickey said: 
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When I was at [XYZ] College, there was an organic faculty member who used 

something similar. It wasn't called POGIL. […] but kind of the same idea as the 

POGIL system. I was not involved in that class, […] and I had the fortunate ability 

to see her students before that and then after she tried that, for several years, both 

before and after, and there was no difference in the level of student […]. The 

students who came out of the POGIL-like system tended to be a little less prepared 

students who came out of her traditional lecture type. Yeah, a little less prepared. 

They didn't quite have the breadth of knowledge that the students in her traditional 

lecture format had. (Dr. Mickey, interview) 

 

Dr. Duna, Dr. Danner, Dr. Dalton, Dr. Dolly and Dr. Manju verbalized the 

challenge of not knowing enough about certain techniques to pursue them further. Dr. Duna 

mentioned this challenge: 

I don't know how I would do group work in Biochemistry necessarily. I don't even 

know how that would work. Are they going to teach each other glycolysis? I have 

no idea how that would work. You know? […] (Dr. Duna, interview) 

 

One technique that was mentioned quite often within this context was a flipped classroom 

setting. It seemed that the participants knew about flipped classrooms, even when they 

lacked knowledge of evidence-based practices (King et al., 2017; Muth, 2016).  

Unique challenges were raised in this study that, to my knowledge, have not been 

reported in the literature. It was striking to see that instructors who used active learning in 

other chemistry courses found it challenging to implement these teaching methods in their 

biochemistry class, as mentioned by Dr. Donna: 

I think I do a better job in my gen chem class of doing more group instruction. […] 

So that's what I've been struggling this semester to try to figure out is how to help 

my students apply information and helping teach them that skill and I'm not there 

yet. […] I feel confident in my collection of what I can get rid of in gem chem and 

what I need to focus on in gen chem versus what I can cut and what I can focus on 

in biochem. (Dr. Donna, interview) 

 

This lack of transferring skills between related disciplines was striking to me. Dr. 

Donna, for example, expressed beliefs that were strongly rooted in involving her students 

more in class and letting them struggle with the material on their own, but she continuously 
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faced the issue of how to implement these beliefs in her biochemistry classroom. Dr. Dalton 

and Dr. Duna also mentioned that they thought biochemistry would be a less appropriate 

discipline in which to use active-learning methods compared to general chemistry, as Dr. 

Duna highlighted: “I mean in Gen Chem there's a lot of problems to solve. Right? I mean 

its concepts but within a discrete example they can solve.” (Dr. Duna, interview) 

5.3.3.1.4 Assertion 16: There are Hidden Obstacles to Increasing Student 

Engagement That Were Challenging for Instructors to Identify 

In addition to the challenges identified by the instructors themselves, there were 

also those that were partially hidden and not emphasized as a challenge. The use of 

analogies is one example of a “hidden” challenge or barrier to implementation of active 

learning. Dr Derrick was one of the instructors who voiced the need for analogies to teach 

biochemistry (see also Dr. Dana, Dr. Magnus, Dr. Maggie, see Table 4.9) but was relatively 

unconcerned about the problems that the use of analogies could introduce (Orgill, 2003; 

Orgill et al., 2015) and focused on  their usefulness  in the context of teaching biochemistry. 

He stated the importance of using analogies, but did not necessarily reflect on how carefully 

they have to be selected when used, so as to not confuse students: 

Students have always told me they appreciate the analogies I use. Some of them 

aren't entirely appropriate. They're not appropriate analogies, but I think it helps 

them to some degree and what we're doing here. […] But anyway, we can reduce a 

lot of what we talked about to a different analogies, whether it's the pumping of 

protons into the intermembrane space as analogous to pumping water into a dam so 

that energy can be used later. So, I think that's really effective means and I didn't 

invent any of this. They're books that have been written on using analogies. (Dr. 

Derrick, interview) 
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5.3.3.1.5 Assertion 17: Making Room for Active Engagement is the Predominant 

Obstacle Faced Among Instructors Along the Path to Evidence-Based 

Instructional Practices 

A common challenge instructors faced was where to cut material that they wanted 

to tell their students about, in order to provide time for longer discussions or group work, 

as raised by Dr. Devora, Dr. Dixie, Dr. Danner, Dr. Dalton, Dr. Donna, Dr. Maggie, Dr. 

Manju, and Dr. Brigid. The lack of agreement about topics that should be taught at different 

levels of biochemistry courses (ABE, 2017, p. 6; Peterson & Carroll, 2015; Yarden et al., 

2017) could possibly contribute to the problem with which the instructors struggled. It 

seemed as if this was a major obstacle the instructors would need to overcome to avoid 

reducing the quality of their teaching.  

The delivery of content was also a predominant concern for instructors thinking 

about implementing new teaching methods (Dr. Dalton, Dr. Donna, Dr. Magnus, Dr. 

Manju, Dr. Maggie, Dr. Mickey, Dr. Brigid). Below is an excerpt from Dr. Manju’s 

interview that illustrates his concern having time to increase student engagement during 

his class time: 

Dr. Manju: Because of the time constraints, you cannot have everything, plus 

you have to finish the course, all the things, within the given 16 

weeks’ time. So, it's tough, you can't have more discussions giving 

them just discussing the topic or asking them to give a presentation 

in that one. […] .  

 

Researcher: […] you mentioned earlier that you thought that these very brief and 

very short problem-solving questions that you basically have in your 

class that the reason they are so short is because you have to go 

through so much material, right? 

 

Dr. Manju: Yes, so much material.  (Dr. Manju, interview) 
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It was interesting to note that this was still a challenge for instructors who were 

already further along in the process of implementation of student-centered practices as 

stated by Dr. Brigid: 

Application is great, and if I can incorporate it, we talk about certain diseases. Like 

a couple weeks ago, we were talking about phenylketonuria, and why does some of 

the population have this? How do they test for it? They're really interested in all 

that sort of things. I think I would like to work more on application stuff, but again, 

that takes a lot of time, and you have to sacrifice content then. (Dr. Brigid, 

interview) 

 

However, other, more student-centered instructors, talked more positively about making 

room for activities by leaving out material (Dr. Devora, Dr. Berry), and selecting content 

to give students the opportunity to take a more active role in their learning, as it is advocated 

in many active learning strategies such as those associated with POGIL.  

It is not surprising that the participants noted that implementing any novel teaching 

strategies takes time - time that could be invested in their research (Dr. Devora, Dr. Dana, 

Dr. Donald, Dr. Donna). This obstacle was raised primarily by faculty who had a strong 

research commitment. Dr. Donald, who taught his biochemistry lecture for decades in a 

traditional lecture format and had changed his class to a fully flipped learning classroom, 

said: 

My basic thought is, if your job is only teaching biochemistry, which is not the case 

in most universities, then something like what I'm doing could be done. But if you're 

still managing a couple of research grants, and you have way over half your time 

doing research, and you might not be doing the experiments, but you're getting all 

the stuff that your graduate students and post docs need, then this is hard to do 

because the flipped takes time. (Dr. Donald, interview) 

 

However, the instructors who expressed this concern all had in common an interest in 

implementing student-centered teaching, differing primarily in the extent to which they 

wanted to implement it. 
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The recent literature has pointed out the usefulness of providing instructors with 

classrooms designed for implementing active learning, and accommodating student-

centered teaching methods (Ramsay, Guo, & Purse, 2017). Dr. Danner voiced the problem 

of his class being too big to properly implement more active learning engagement, but 

others did not feel this was a problem, as Dr. Berry elaborated during her interview: 

I don't think that class size should limit what you do. I think you can do active 

learning. You have to tailor them and might need to develop different, like I might 

use the manager time keeper secretary roles more strictly in a bigger class but 

because they're small I can circulate more. […] I don't think class size - I think you 

can do it, it's just a matter of whether you're willing to figure out how to make it 

work for your population. We do shuffle groups on a pretty regular basis to try and 

even things out. (Dr. Berry, interview) 

 

These concerns only came up sporadically, but they reflect the contents of recent 

publications (Stains et al., 2018). 

 Even though instructors all came to teaching with their own beliefs and perceptions, 

commonalities were still shared among concerns they had within this diverse population. 

Challenges identified within this study centered around personal beliefs and perceptions 

(Austin, 2011; Fairweather, 2008), and some challenges originated from previously 

existing beliefs systems. For instance, Dr. Magnus came from a belief system where he 

was the primary deliverer of content and expected his students to study outside of class, as 

mentioned previously in this chapter. The act of learning in class through involving 

students in activities was foreign to him. He mentioned that he already struggled enough 

involving his students to answer questions that he posed in class during lecture: 

They tend to be passive, so I consciously try to engage them, although, I will often 

ask a big question and get no response whatsoever. In which case, I could sit there 

for an hour waiting for someone to answer, which is not an effective use of time, 

so I just have to go on. I'm hoping that they're answering in their own head not 

giving an answer. […] Also, I think one thing that I probably do a lot of is making 

connections. […] I try to engage them, if nothing else, by asking questions, even if 
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they're rhetorical questions, meaning I don't necessarily expect them to answer at 

least hopefully that they are thinking about these things. (Dr. Magnus, interview) 

 

His value system and what he thought was the right way to teach did not align with the 

literature on evidence-based practices, which was an emerging commonality among 

instructors that still implemented a teacher-centered style of teaching. Instructors who 

implemented a more student-centered style of teaching saw the benefits of students 

struggling through the material on their own in class, but still faced challenges to put 

evidence-based practices into action. 

5.3.4 Instructors Preferences and Needs to Further Develop Professionally in the Ways 

They Teach - Many Commonalities Shared 

An analysis of the resources instructors used when obtaining knowledge about 

teaching methodologies revealed that there was no distinct pattern among the participants 

in this study in terms of the resources they preferred. The following themes were identified 

as instructors were interested in making changes in the way they teach or chose to gain 

proficiency in alternative teaching methods: 

• Proficiency in teaching through interactions with peers. 

o Dr. Danner, Dr. Dana, Dr. Dolly, Dr. Magnus, Dr. Manju, Dr. 

Maggie, Dr. Brigid, Dr. Bobbie. 

• Proficiency in teaching through attendance at professional meetings. 

o Dr. Donald, Dr. Dolly, Dr. Donna, Dr. Maggie, Dr. Brigid. 

• Proficiency in teaching through consultation of educational research 

literature. 

o Dr. Manju, Dr. Maggie. 

• Proficiency in teaching through own experiences. 
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o Dr. Dana, Dr. Dalton, Dr. Danner, Dr. Brigid, Dr. Derrick. 

In most cases, multiple factors were identified by the participants, seldom relying  

on only one resource. Overall, there was a significant interest in improving their teaching 

and agreement of the benefit of using more student-centered teaching methodologies.  

Relying on one’s own experiences and beliefs was a strong factor in how instructors 

chose how to teach. It has been argued, however, that to effectively make changes, a PD 

system on teaching practices should be created (Henderson et al., 2011).  

5.3.4.1 Assertion 18: On-Site Help, Peer Observations and Establishing a Strong 

Community to Share Resources Were Among the Main Factors 

Instructors’ Valued as Ways to Provide the Support Needed. 

During the interviews I asked the participants to identify the resources instructors 

would find useful as their teaching methods evolved. The strategies listed below summarize 

the main results I obtained.  

• Many instructors found the idea helpful to gain “proficiency in teaching 

through instructional support.” When I suggested that this might be 

someone within their department. Many responded this would be useful 

because it would save them time. Dr. Dalton, for one, said:  

Yeah. In fact, I can see very easily that if somebody would sit in on the 

lectures and say, "You know, Dr. Dalton, you could use video clips here, 

and here, and here, and they're available or we could make 'em easily by 

doing this, and this, and this," that would be a tremendous help, because 

my thinking is that a more visual kind of approach would make an 

impact, I believe, on the students. If I had more years to go, definitely, 

I would be leaning toward how to incorporate more visual illustrations 

in my lectures, that kind of thing. (Dr. Dalton, interview) 

 

This is consistent with Yinger’s (1980) study that showed that teachers 

involved in problem-solving experiences within their classrooms developed 

skills they could use in teaching their courses. The instructors in this study 
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suggested it would be appealing to learn more about implementing 

alternative teaching styles by watching others teach. Some were already 

observing others but wanted to take greater advantage of this useful tool. 

Dr. Magnus stated: “Yeah, certainly good examples. I mean being able to 

see it actually be done would be useful.” 

• Instructors who were open to discussing alternative teaching styles were in 

favor of having a supportive network of biochemistry instructors. This 

could not only save time but also to make one’s own teaching more flexible 

(Dr. Donna, Dr. Brigid, Dr. Berry). Dr. Berry pointed out: 

Because often biochemists are isolated where there's only one in a 

department. Finding somebody to say man, they still don't get it and I 

don't know what I should do, is a very valuable thing. As a field, figuring 

out ways to support those people, especially who are stuck in where 

they're the only biochemist or their institution isn't very supportive is 

important. (Dr. Berry, interview) 

 

5.3.4.2 Factors to Consider When Supporting Faculty in their Development as Instructors 

The point in the participants’ careers at which the study was done was a factor that 

influenced how they responded to the question of further developing their teaching 

proficiency. Their willingness to participate in PD activities early in their careers, when 

their research was being evaluated was an issue for several faculty (e.g. Dr. Dixie, Dr. 

Dana). Faculty who exhibited a rather teacher-centered teaching approach and focused on 

obstacles that made it challenging for them to change their styles of teaching, raised the 

issue of needing to be more informed in order to improve on their teaching (Dr. Duna, Dr. 

Dalton, Dr. Derrick). Within my study the need was often expressed to come back once 

stress had alleviated on the research side and the faculty had settled within their positions. 
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In addition, with more experience in teaching, faculty also raised the benefit of feeling 

readier for any further PD interventions (Dr. Dixie, Dr. Duna).  

Calderhead (1996) pointed out that experienced teachers can build off of a skillset 

and practical knowledge they have accumulated over the years that equips them to deal 

with unforeseeable situations that arise within the course of teaching. The idea of getting 

faculty started early on PD has been advocated in PD, but research on beginning teachers 

(Simmons et al., 1990) suggests that teachers in the early years of their careers cannot 

benefit from PD because they are devoting their attention to merely “surviving.” The 

chemical engineering community has a history of offering week-long PD programs every 

five years that all non-tenured faculty attend where issues of both research and teaching 

are discussed.  

The participants noted that the timing of when it would be best to implement 

student-centered teaching methodologies was crucial. Dr. Donald, who worked at a 

doctoral granting institution, and Dr. Bobbie, who worked at a baccalaureate granting 

institution, both argued that implementing an active classroom was strongly career-

dependent (Table 4.19). Both instructors raised the issue of time that had to be invested to 

implement a student-centered classroom and that it was hard to find time, besides doing 

research in parallel (Dr. Donald), and the teaching load that had to be fulfilled (Dr. Bobbie). 

5.3.5 Thinking Big – Large Scale Influences on the Teaching of Biochemistry and 

Factors to Consider when Implementing Strategies of Change 

Large-scale factors such as departmental structure, attitudes toward teaching, and 

support systems within a department can play a significant role in the implementation of 

changes in teaching (Figure 2.3, Stains et al., 2018). I identified evidence of large-scale 

influences that should be considered when developing or implementing change in 
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instructional practices in teaching biochemistry. Most instructors, for example, shared the 

belief that what they do in the classroom should benefit everyone in their class. As stated 

previously, instructors from multiple institutions agreed that their beliefs about teaching 

biochemistry were primarily shaped by their own educational influences during their 

college education by the instructor they had, as well from their experiences while teaching 

on their own.  

Even though the goals the instructors commented upon were centered around 

similar topics (“application of knowledge”, “convey knowledge”, as well as “development 

of skills”) differences could also be found. Instructors with a teacher-centered approach 

were less likely to see their goals being as interconnected in the ways they could teach it in 

their classrooms. In contrast, more student-centered instructors voiced their goals as being 

more interconnected in the ways they could be taught. To give an example, teacher-

centered instructors were more likely to value examples of students’ applying knowledge 

they obtained in the biochemistry class outside of the classroom, whereas student-centered 

instructors utilized activities designed to incorporate the application of new knowledge 

within the classroom setting. The teacher-centered instructors still considered their 

classrooms to be active: Instructors across all institutions in this study found student 

feedback to be most relevant when reflecting on their own success in class. Since 

instructors using virtually every style of teaching encountered in this study seem to rely 

more on this aspects of their teaching, the results suggest the importance of efforts to 

introduce more critical student feedback mechanisms into biochemistry courses, to 

encourage more insight into students’ learning gains and their perceptions of teaching 

styles/methods used in class. This would be consistent with research that suggests student 
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evaluations increase positive feedback when more active learning methodologies are used 

in classrooms (Henderson, Khan, & Dancy, 2017). 

Instructors across the different institutions had a common picture of what roles they 

should fulfill when being in the classrooms. Among the different styles of teaching, 

however, differences were visible where the more theory-oriented instructor was common 

among those who executed mainly teacher-centered teaching methods.   

As noted in this chapter, there is some similarity in the challenges instructors face 

when changing their style of teaching to one that is more student-centered. Actions needed 

to meet those challenges were centered around equipping instructors with the necessary 

“tools” to improve their teaching as well as providing instructors with a support system 

that would help them to share their progress toward further implementation of evidence-

based instructional practices.  

 As seen in this section, influences could be applied to all different institutions in a 

similar way, since many commonalities were shared and less differences were notable, that 

would have a significant influence on the alteration of suggested recommendations, as 

results from this study suggested.  
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 IMPLICATIONS AND FUTURE STUDIES 

The following sections will highlight some of the implications that can be drawn 

from the results of this thesis that could provide the basis for the development of the 

teaching of biochemistry and the support structures needed to further increase the 

proficiency on evidence-based classroom methodologies. 

6.1 Finding a Consensus on Teaching Biochemistry 

Most of the participants in this study commented on the need for a source of support 

while deciding which content could be replaced by more active learning activities. Many 

of these individuals were especially concerned with the classic problem that has faced 

virtually every reform movement since the 1960’s: Their belief that there was too much 

content that needed to be covered and not enough time for further student engagement in 

class. Some were also concerned by their belief that they had to find time to cover topics 

their students had not earned sufficiently well from previous classes that would provide the 

foundation upon which one build the knowledge they needed to cover in their class.  

The need to find a consensus on what topics ought to be taught in which 

biochemistry courses was repeatedly emphasized during the interviews in this study among 

participants who were not likely to be familiar with the work of Tansey et al. (2013) on 

“foundational concepts and underlying theories for majors in ‘biochemistry and molecular 

biology’.” The existence of a consensus on what should be taught, and, at what level would 

help instructors decide what has to be covered and what contents could be skipped to build 

room for student-centered teaching. Although work is being done to address this problem, 
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it has by no means attained the state of agreement the participants need. (ABE, 2017, p. 6; 

Niederhoffer et al. 2017; Peterson & Carroll, 2015; Yarden et al., 2017). 

Another challenge that was frequently described focused the absence of a “toolbox” 

or “bag of tricks” into which the instructors could reach to find a way to implement changes 

in their classrooms. The following suggestions provide ways in which the community of 

biochemistry instructors could gain the necessary proficient knowledge to bring about 

changes in the way biochemistry is taught – at least from the perspectives of instructors 

involved in this study. 

6.2 Establishing a Network of Instructors Who Teach Biochemistry 

Some of the instructors in this study seemed to have struggled with finding 

resources they felt were needed to make significant changes in the way they taught their 

biochemistry courses. Considering the time constrains instructors face on a daily basis, the 

idea emerged during the course of the interviews that establishing a community of 

biochemistry instructors who could share material and alternative teaching methods could 

be discussed was deemed to be a potentially useful tool in biochemistry. A network of this 

nature might be built upon the model of the Virtual Inorganic Pedagogical Electronic 

Resource (VIPEr) project, which was designed to share resources about the teaching of 

inorganic chemistry (Benatan, et al., 2009). 

6.3 Providing Opportunities to Learn About Evidence-Based Teaching Practices  

Two ideas emerged from the interviews that could facilitate making changes in the 

way biochemistry is taught: (1) getting help through in-class support and (2) watching 

others teach. 
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As noted in the discussion chapter, the idea emerged during the interview to ask the 

instructors whether they would find it helpful to have access to what work on the epistemic 

development of chemistry graduate students (Bhattacharryya & Bodner, 2014) referred to 

as a “more knowledgeable other” who could help identify places in the curriculum where 

evidence-based practices, could be implemented to institute more student-centered 

teaching methods. As a group, the instructors found the idea to be very appealing. A source 

of help that was reported as already being utilized was input from teaching assistants 

interested in teaching biochemistry, who helped changing lecture sections they felt could 

be improved. A potential source of help that was recently discussed in the literature 

involved using ideas proposed by undergraduates taking the course (Filz & Gurung 2013; 

Haas, Heemstra, Medema, & Charkoudian, 2018).  

A variety of sources of help in addition to “more knowledgeable others” have been 

described. Chi and Wylie (2014) noted that activities are rarely ranked or evaluated in terms 

of their level of active engagement. Mayer (2008) noted, however, that instructors can 

“encourage the learner to engage in making sense of the material.” Help from various 

sources can be used to overcome the problem of how instructors should choose from the 

wealth of proposed active learning activities (King, 1993; Van Dyke et al., 2017).  

Among the list of items important for “teacher thinking,” Calderhead (1996) 

included the process of designing tasks that provide the basis upon which the instructor 

builds their teaching. Since the instructors in this study displayed concern about the process 

of designing activities that would correspond to student-centered teaching, the community 

of biochemistry instructors could encourage the development of both more and better 

support systems to bridge the gap between the instructors’ willingness to implement 
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evidence-based teaching strategies and their ability to do so. This would be consistent with 

the work of Andresen et al. (1984) and Bussis et al. (1976), which highlighted the need to 

continuously involve teachers in processes such as self-exploration, reflection, and trial 

and error phases. 

Another idea that came up in the participant interviews involved observing others 

teach as an opportunity to enlarge their body of knowledge about teaching practices and 

gain insights on how to make changes in the way they teach their classes. Many instructors 

who had experienced this approach to PD first utilized it because their department used a 

peer-review approach to evaluate the standard of teaching in the department.  

Many biochemistry instructors who went through these opportunities expressed an 

interest in having this established on a larger scale. They noted the usefulness of observing 

others teach and seeing how, in concrete examples, teaching practices would look in 

someone else’s biochemistry classroom setting. One of the implications of this study is the 

need to find ways to encourage more departments to institute peer-review of faculty, 

thereby establishing ways to “learn through observing others.” Doing so would be 

consistent with the results of studies of systems of supporting instructors through peer 

observation (Richardson, 1996; Dancy, Henderson, & Turpen 2016). This could be 

supplemented by informal workshops that address the challenges the faculty share when 

teaching, as recommended by Dancy et al. (2016) who argued that informal learning 

engagement for faculty provide a significant source of communication and dissemination. 

This approach could be particularly useful for instructors who did not know how to go 

about making changes towards more evidence-based practices, as well as instructors who 

reached a plateau in the way they had shaped their teaching styles and did not know on 
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their own what changes could be implemented. Unlike other chemistry content domains, 

this approach would benefit from reaching beyond the limits of a single department because 

biochemistry is often taught in more than one department.  

It should be noted that a potential problem with peer review of teaching that came up 

in this study was the tendency for instructors to be discouraged by misleading information 

or not well executed teaching approaches in classrooms they had observed on their own. 

An emphasis might therefore be placed on having biochemists observe other biochemists 

so as not to overgeneralize factors that are applicable to certain STEM fields and not others 

(Lund & Stains, 2015). It should also be noted situational characteristics of individual 

instructors are crucial for the change in instructional choices (Henderson & Dancy, 2007), 

which means that we need to tailor PD approaches to the ones in need of them. 

6.4 Reaching Out to Faculty When it is Most “Convenient” for Them – Implementing 

Change Effectively 

Regardless of where the instructors in this study were in the process of implementing 

changes in their instruction, they all noted the existence of obstacles they would have to 

overcome to advance further. It was apparent among the participants involved in this study 

that student-centered instructors were more critical of how successful they felt they were 

at implementing their teaching goals in classes. The instructors who were still practicing 

more teacher-centered methodologies were among the ones who were most comfortable 

and confident in their teaching.  

There have been attempts to develop models of how to implement effective PD  

strategies to overcome challenges and increase the implementation of quality instruction 

that positively affects student learning (Borrego & Henderson, 2014; Cascella & Jez 2017); 
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Pelletreau et al. 2018). No satisfying model has yet been established that would meet each 

instructors’ needs and ensure effective changes. It has been suggested, however, that beliefs 

and actions are interrelated with one another (Richardson, 1996) and changes in PD are 

better accepted if beliefs are considered when designing PD opportunities to foster change 

toward evidence-based teaching practices (Bouwma-Gearhart, 2008). An approach that I 

support is to keep looking at individual groups, such as the community of biochemistry 

educators, and see what needs they have and how effective changes in teaching 

methodologies can be accomplished.  

Research suggests that slow changes can make a difference and over time, these 

changes can accumulate and have a positive impact on the individual (Auerbach & 

Schussler, 2017). It is important to avoid overwhelming instructors with PD opportunities 

at the very beginning of their careers, nor should we wait too long. But starting on a small 

scale and introducing instructors with new methodologies through observing others, for 

example, and giving them the opportunity to consult specialists or be invited to seminars 

on teaching in their respective fields could encourage them to incorporate the process of 

continuously improving their teaching strategies in their classrooms. The overarching goal 

should be to bring active learning techniques into the biochemistry classrooms (“one step 

at a time” by Loertscher, 2009, p. 1; Palocaren et al., 2016). 

This study revealed the importance of educational influences on their approach to 

teaching that instructors had experienced throughout their own education. This has been 

reported previously as being an important factor in establishing beliefs in general 

(Richardson, 1996). Personal experiences were among the most often-mentioned 

influences on beliefs on teaching biochemistry among the participants in this study. 
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Another factor that came up in this study was instructors’ tendency to establish their 

values about how they teach through their experiences during their own teaching. This can 

make them possibly too “comfortable” at a level where less evidence-based teaching 

practices are implemented. 

The interest in teaching, as a career, is a rather personal choice, as seen in this study. 

Categories were visible in the data from this study, however, that revealed factors that were 

important to college/university teachers that could be useful when designing PD programs, 

even though factors within each category varied.  

6.5 Implications for Future Research 

This exploratory study provided a rich description of a small population of 

instructors across multiple institutions. Although this dissertation revealed certain patterns 

in the instructors’ responses to questions, it also opened the platform for pursuing multiple 

follow-up studies to investigate results in further detail or to scale up the scope of this 

research endeavor as described in the following paragraphs. In the future, I can see multiple 

research endeavors to be further pursued, which I will highlight in the next paragraphs.  

It has been reported in the literature, that departmental factors play an important 

role in instructors’ success in advancement (Henderson & Dancy, 2007; Stains et al. 2018). 

To uncover possible departmental differences or how other factors (e.g. difference in 

teaching experience) contribute to the choices of practices made in biochemistry 

classrooms, a large-scale survey could be considered to reach a broader population at 

different types of institution. Since this study was not able to reveal differences in teaching 

methodologies among different departments that teach biochemistry, a larger study might 
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be able to confirm or refute past results from other research studies and reveal its 

applicability in biochemistry. 

The variety of teaching approaches that were identified within the context of this 

study added to the body of existing knowledge on teaching approaches in STEM education 

(Stains et al., 2018). This suggests, however, that we should investigate a larger population 

of instructors teaching biochemistry and evaluate how teaching practices revealed within 

this study compare on the grand scheme of biochemistry teaching. According to Lund and 

Stains (2015), results on conceptions on the teaching of a certain STEM field should not 

be extrapolated to other STEM fields, since unique factors might be present and influencing 

a certain way of thinking and therefore influencing unique ways of teaching that subject, 

situated within its own microcosm. It therefore would be worthwhile to pursue a large-

scale survey of instructional practices in biochemistry and the perceived challenges to a 

better understanding of the overall teaching practices in biochemistry education. This 

research endeavor could be enriched by following the trend of in-classroom analysis 

established and introduced by Lund and Stains (2015) through the use of the COPUS 

protocol. This analysis would enable the community of biochemistry instructors to 

compare, in a quantitative nature, the teaching of biochemistry with approaches to teaching 

in related fields, such as biology and chemistry, which have already been investigated in 

more depth. 

The ICAP model offered an interesting perspective on the different levels of student 

engagement biochemistry classrooms potentially offered. In order to state with more 

certainty how students perceived the teaching methodologies used, it would be interesting 

to pursue a larger scale study of students’ perceptions and beliefs of how biochemistry 
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should be taught and what students would expect. This would allow us to distinguish 

between the enacted and intended mode of engagement raised as a concern by the creators 

of the ICAP framework when interpreting the results through that lens. It could also add to 

the body of knowledge on understanding why students are sometimes resistant to active 

learning methodologies (Finelli et al., 2018; Nguyen et al., 2017) in biochemistry 

classrooms and how that resistance can be overcome. 

Future work could also build on the foundation of work that probes how classroom 

environments can make a difference in how instructors teach (Ramsay et al., 2017). Other 

researchers viewed critically the impact of classroom layouts on the teaching of 

biochemistry (Stains et al., 2018). This controversially discussed issue could be further 

investigated within the context of biochemistry, where I saw classroom environments play 

a role in the choices instructors made in how active or passive they voiced their teaching 

could be in class.    

Further work could focus more closely on what makes biochemistry teacher teach 

the way they do. It could also investigate the interconnectedness between beliefs and action 

that has been the focus of research (Kim et al., 2012; Richardson, 1996). With this study, I 

intended to capture a broad range of views and practices centered on the teaching of 

biochemistry. The results and interpretation have to be seen in the context of the pool of 

participants I was able to recruit and investigate within the scope of this research endeavor. 

This study was never intended to criticize instructors’ in-class practices, but rather to 

contribute to the understanding of how the teaching of biochemistry is being done and what 

factors and influences could be better used to introduce evidence-based teaching practices 

into biochemistry classrooms. It is on us, the education researchers, to help instructors 
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achieve ensure a steady growth of the implementation of evidence-based teaching practices 

in classrooms, since students are the last to complain when less effective teaching strategies 

are implemented (Klionsky, 2017).  
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RESEARCH PARTICIPANT INFORMATION SHEET (OBSERVATIONS) 

Beliefs and perceptions about teaching biochemistry 

Principle Investigator: Professor George M. Bodner 

Co-Investigator: Franziska K. Lang 

Chemistry Department 

Purdue University 

 

What is the purpose of this study?  

Uncovering beliefs and perceptions about teaching biochemistry. I am asking you to 

participate in this research study to share with me insight on the way you teach 

biochemistry and communicate it to students during class time. 

 

What will I do if I choose to be in this study?  

If you choose to be in this study, I will be sitting in presumably 10 lectures the most with 

you and observing the classroom activities, specifically concentrating on the ways you 

teach biochemistry to your students, e.g which educational methods you are using in your 

classroom. The students will not be the focus of this study. You will go about your daily 

teaching as usual. I will in no way interrupt or participate in your lecture. The researcher 

is Franziska Lang, a Ph.D. candidate at Purdue University. Only you, the instructor, will 

be videotaped during the lectures in session. The recordings will only be available to the 

researcher, for later stages of analysis and coding. 

 

How long will I be in the study?  

A maximum of 10 lectures will be observed. I assume you will be part of the study for 

about 1 or two cycles of your course (1 or two semesters), depending on when 

observations can be taken, based on your convenience.  

 

What are the possible risks or discomforts? 

No more than minimal risk is associated with the study process. The participation is 

voluntarily. Observations will be non-judgmental and will only look at how the teaching 

of biochemistry is executed. The study’s aim is to capture the “status quo” of 
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biochemistry teaching. The researcher will be discrete all the time and blend in with the 

audience as well as work with what you are comfortable with.  

  

Are there any potential benefits? 

There are no direct benefits. The indirect benefit we belief the study might yield to is 

gaining knowledge and insight in ways of thinking and understanding of the teaching of 

biochemistry. 

 

Will information about me and my participation be kept confidential?   

The project's research records may be reviewed by Franziska Lang (aggregator) and 

George Bodner (principal investigator) and by departments at Purdue University 

responsible for regulatory and research oversight, as well as other IRB departments in 

other institutions if data is taken at a different institution such as Purdue University and 

IRB would have to be obtained from there. All personal information is strictly 

confidential, and no names will be disclosed. All video recordings will be transcribed, de-

identified and coded in a timely manner. All data collected (e.g. video recordings, field 

notes, observations, and in-class material) will remain confidential. For transcription 

purposes, voices will be distorted and faces will be blurred. Immediately after data 

taking, codes will be applied to the resulting data to protect the identities of participants. 

A code key will be created and stored on a password-protected computer accessible only 

to the researchers listed on this protocol. All digital data will remain secured on the same 

password-protected computer only accessible to the protocol researchers. Any physical 

sources of data and signed consent forms will remain secured in a locked file cabinet, 

accessible only to the researchers. As soon as transcription has been completed, 

recordings will be destroyed. At that point, all identifiable research records will have 

been de-identified. All de-identified data will also be destroyed after completion of 

analysis at the end of the research project. The de-identification log-sheet will be kept in 

a locked cabinet/password protected PC where the analyzing researcher will not have 

access to. Any new information that develops during the project will be provided if that 

information may affect your willingness to continue participation in the project. 

 



366 

 

What are my rights if I take part in this study? 

Your participation in this study is voluntary. You may choose not to participate or, if you 

agree to participate, you can withdraw your participation at any time without penalty or 

loss of benefits to which you are otherwise entitled.      

 

Who can I contact if I have questions about the study? 

 If you have questions, comments or concerns about this research project, you can 

talk to one of the researchers. Please contact Franziska Lang via email 

franziska@purdue.edu. If Franziska is not reachable, contact George Bodner via email 

gmbodner@purdue.edu. 

 

If you have questions about your rights while taking part in the study or have concerns 

about the treatment of research participants, please call the Human Research Protection 

Program at (765) 494-5942, email (irb@purdue.edu)or write to:  

Human Research Protection Program - Purdue University  

Ernest C. Young Hall, Room 1032  

155 S. Grant St.,  

West Lafayette, IN 47907-2114  

  

mailto:franziska@purdue.edu
mailto:gmbodner@purdue.edu
mailto:irb@purdue.edu
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RESEARCH PARTICIPANT INFORMATION SHEET (INTERVIEWS) 

Beliefs and perceptions about teaching biochemistry 

Principle Investigator: Professor George M. Bodner 

Co-Investigator: Franziska K. Lang 

Chemistry Department 

Purdue University 

 

What is the purpose of this study?  

Uncovering beliefs and perceptions about teaching biochemistry. I am asking you to 

participate in this research study to share with me your perception and attitude on how 

biochemistry is taught.  

 

What will I do if I choose to be in this study?  

If you choose to be in this study, you will meet with a researcher for interview(s) about 

your beliefs and perception on the teaching of biochemistry. The researcher is Franziska 

Lang, a Ph.D. candidate at Purdue University. Your voice will be recorded during the 

interview. The recordings will only be available to the researcher, for later stages of 

analysis and coding. 

 

How long will I be in the study?  

A minimum of 1 interview will be conducted, however, the researcher may follow up 

with clarifying questions that require follow up interviews. Interviews will last ~1 hour. 

The interviews will be scheduled based on your convenience and willingness to 

participate in the study.  

 

What are the possible risks or discomforts? 

No more than minimal risk is associated with the study process. The interview 

participation is voluntarily. One potential risk is your expectation of privacy in case 

interviews are conducted online using a third-party provider such as Skype. For face-to-

face interviews, this is not a risk. The researcher will ensure at any time that participants’ 

expectation of privacy is maintained by removing identifiable information such as name, 
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institution etc. from data records. Your identity will not be revealed. You as the 

participant can decide if the interviews are conducted in person or remotely.  

  

Are there any potential benefits? 

There are no direct benefits. The indirect benefit we belief the study might yield to is 

gaining knowledge and insight in ways of thinking and understanding of the teaching of 

biochemistry. 

 

Will information about me and my participation be kept confidential?   

The project's research records may be reviewed by Franziska Lang (aggregator) and 

George Bodner (principal investigator) and by departments at Purdue University 

responsible for regulatory and research oversight, as well as other IRB departments in 

other institutions if data is taken at a different institution such as Purdue University and 

IRB would have to be obtained from there. All personal information is strictly 

confidential, and no names will be disclosed. All audio recordings will be transcribed, de-

identified and coded in a timely manner. All data collected (e.g. audio recordings, 

transcriptions, field notes and interview notes) will remain confidential. For de-

identification purposes, the voices in the audio recording will be distorted when 

transcribing the data. Codes will be applied to the resulting data to protect the identities 

of participants. A code key will be created and stored on a password-protected computer 

accessible only to the researchers listed on this protocol. All digital data will remain 

secured on the same password-protected computer only accessible to the protocol 

researchers. Any physical sources of data and signed consent forms will remain secured 

in a locked file cabinet, accessible only to the researchers. All identifiable data will be de-

identified upon collection. All audio recordings will be destroyed right after transcription. 

All de-identified data will also be destroyed after completion of analysis and the end of 

the research project. The de-identification log-sheet will be kept in a locked 

cabinet/password protected PC where the analyzing researcher will not have access to. 

Any new information that develops during the project will be provided if that information 

may affect your willingness to continue participation in the project. 
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What are my rights if I take part in this study? 

Your participation in this study is voluntary. You may choose not to participate or, if you 

agree to participate, you can withdraw your participation at any time without penalty or 

loss of benefits to which you are otherwise entitled.      

 

Who can I contact if I have questions about the study? 

 If you have questions, comments or concerns about this research project, you can 

talk to one of the researchers. Please contact Franziska Lang via email 

franziska@purdue.edu. If Franziska is not reachable, contact George Bodner via email 

gmbodner@purdue.edu. 

 

If you have questions about your rights while taking part in the study or have concerns 

about the treatment of research participants, please call the Human Research Protection 

Program at (765) 494-5942, email (irb@purdue.edu)or write to:  

Human Research Protection Program - Purdue University  

Ernest C. Young Hall, Room 1032  

155 S. Grant St.,  

West Lafayette, IN 47907-2114 

  

mailto:franziska@purdue.edu
mailto:gmbodner@purdue.edu
mailto:irb@purdue.edu
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