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ABSTRACT 

A natural connection exists between science and art that is evident in the 

beauty of nature, and the classic artists’ attention to scientific detail.  This qualitative 

self study reveals the complementary relationship between science and art through 

research and literature and proposes an emergent science curriculum theory.  The 

purpose of this study is to encourage and inspire science teachers, administrators, and 

curriculum designers within all levels of science education to integrate arts-based 

instructional methods into their inquiry based science curriculum. Inquiry-based 

curriculum is considered by most schools, universities, and national organizations to 

be best practice.  An inquiry-based curriculum has weakness and gaps specifically in 

the areas of content knowledge, communication skills building, and student interest 

and engagement.  The influence of inquiry based (IB) and inquiry and arts based 

(IAB) curriculum on these three areas of science curriculum are the focus for the 

design of this study, which was completed in a biology lab for undergraduate science 

majors at a small liberal arts university in the southwestern United States.  The 

findings of this study indicate the benefits of incorporating the arts into science 

curriculum.  These findings are significant to teachers, administrators, curriculum 

designers within all levels of science education. 
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CHAPTER 1 

INQUIRY VS. INQUIRY AND ART 

Introduction:  Natural connections 

Watching a child learn is amazing.  When a toddler picks up a dandelion and 

softly blows the seeds, her eyes light up as she witness nature’s incredible method of 

continuation of a species through the wafting of the tiny umbrellas in the wind.  Often, 

the child will look immediately around to find another dandelion and repeat this tiny 

experiment.  The child will never forget this experience. Every time she looks at a 

dandelion, she knows that if she blows on the fluffy seeds, the seeds will detach from 

the stem and fly into the air.   

This scene is an example of science in action, artistry in motion, and inquiry 

enacted.  A scientist or an artist would be challenged to evaluate this situation and 

determine the point where art ends and science begins or where the science of 

dandelions and the imagination of the child can be disconnected.  This singular event 

is permanently etched into the child’s brain as knowledge. The child’s mind can replay 

the scene in all its artistry at any moment.  If you ask the child “What happened when 

you blew on a dandelion?” she will be able to tell you exactly the process and enhance 

that with her own creative interpretation.  She will be able to describe the structure of 

the organism, the action, the result of the blowing, and what it looked like, felt like, 

and what it reminded her of.  She will be eager to express and communicate her 

experience with you or anyone else.  This event is the essence of knowing, 

understanding, and expression of imagination.   
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Science and art are naturally interconnected. The formation of knowledge is 

naturally based on experience and communicated socially through creative expression 

of imagination.  This innate connection between art and science has inspired this 

study. Keiran Egan, arts in education advocate (1997) stated, “The basics of our 

educational development, then, are the arts” (p. 1).  If experiences with the arts are 

where we begin our education as children, then using the arts to teach science should 

be a natural and welcome homecoming to the familiar in all levels of science 

education. 

Historically, science and art were accepted as a complementary pair 

(Lindqvist, Hedin, & Larsson, 2000).  Leonardo Da Vinci was both an artist and a 

scientist.  His anatomical drawings of the body exhibit his artistic and scientific 

genius.  There is not a point in his drawing of a science concept, such as the shape of a 

muscle influencing it’s movement, where an individual can say “this is where the 

science ends and the art begins” or vice versa.  The sketches of Leonardo Da Vinci are 

one natural expression of science knowledge in the form of art.  The architecture of 

Roman engineers were not only fantastic scientific achievements, but also visually 

pleasing and artistic in their construction.  Native American petroglyphs are not only 

artistic in nature, but often represent observations of science knowledge (Lenik, 2002).  

Nature is also innately artistic.  For example, consider the structure of DNA as it’s 

double helix writhes and weaves in the structure of a chromosome, or the distinctive 
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hexagon shape of a bee’s honeycomb, or the wispy floating seed of a dandelion.  

Science is naturally and historically connected to art. 

Where is Art in the Science Classroom? 

Regardless of the historical connection between science and art, or the 

expression of art in nature, there is no place for art in the science classrooms of today.  

The traditional science classroom is usually devoid of artistic expression, imagination, 

and creativity (Gurung, Chick, & Haynie, 2009) and instead demands that students 

learn passively, and to memorize and regurgitate empty factoids. Science is often 

unrealistically portrayed when taught by lecture and assessed by strictly empiricist 

methods. The 1986 Nobel Prize winner in chemistry and professor of chemistry at 

Harvard University, Dudley Herschbach (1996) stated, 

An introductory science course too often comes across to students as a frozen 

body of dogma. The questions and problems seem to have only one right 

answer, to be found by some canonical procedure. The student who does not 

easily grasp the "right" way, or finds it uncongenial, is likely to become 

alienated. There seems to be very little scope for a personal, innovative 

experience. Nothing could be further from what actual frontier science is like. 

(p. 15) 

The student’s perception of science as always knowing the right skill or right answer 

does not foster actual scientific inquiry skills or develop content knowledge.  If the 

traditional methods of teaching science are not the best way to teach science, then 

what is the best way to teach science? 

There is a natural and historical connection between science and art.  This 

research study will investigate the possibility that integrating an arts component into 
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inquiry-based curriculum could increase the efficacy of the inquiry-based curriculum.  

Elliott Eisner, highly respected Stanford professor emeritus and voice of art education 

for five decades (2005) suggests, “Science separated from the arts itself is a 

problematic conception” (p. 9).  This research study will investigate how adding an 

arts component into an inquiry-based curriculum influences student understanding of 

the content, the way students communicate science knowledge, and students 

engagement and interested in the content. 

Theoretical Framework 

The theoretical foundation for this research is rooted in a combination of 

constructivism and social reconstructionist theories.  Constructivism is the concept of 

the students in the classroom creating and constructing their own knowledge (Colburn, 

2007; Dewey, 1959; Kilpatrick, 1918; Ornstein, 2013; Pinar, 2004). New knowledge 

cannot be constructed when a student sits passively in a desk and listens apathetically 

to a lecture about facts.  Constructivism in the science classroom means students are 

engaged in an authentic investigation within a science event and they are constructing 

new knowledge through the activity.  And as a result of the knowledge construction 

the students begin to learn to think independently, intellectually, and critically.   The 

goal of education should be to create intellectual students (Ornstein, 2013).  

Intellectual students must be able to think and discover new knowledge on their own 

and apply it to their own circumstances. 
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Social Reconstructionist [SR] curriculum theory posits that education should 

prepare students to use their knowledge to help society (Dewey, 1959; Freire, 2000; 

Ornstein, 2013; Pinar, 2004).  SR theory in education places great value on the 

importance of diversity, the significance of empathy, and the appropriate placement of 

knowledge in a global perspective.  There is also great importance attached to the 

ability of the student to effectively communicate knowledge and collaborate with 

others. Maxine Greene, educational philosopher and advocate for the arts in education, 

(1984) stated “the pedagogies we devise ought to provoke a heightened sense of 

agency in those we teach, empower them to pursue their freedom, and, perhaps, 

transform to some degree their lived worlds” (p. 72). Each student should have access 

to an educational experience that promotes healthy communication skills, social 

empathy, self-reflection, and self-improvement (Greene, 2000). 

Background to the problem: Inquiry is not all science and science is not all 

inquiry 

 In the early twentieth century, William Kilpatrick, an educational philosopher 

and contemporary of John Dewey, developed an instructional method to help foster 

intellectual thinking known as the project-method.  This instructional method of 

giving students projects or problems to solve and allowing the students to construct 

knowledge as they completed the project is the foundation for today’s inquiry-based 

instructional methods.  Kilpatrick (1918) commented that curriculum should 

incorporate activities that include expression of the content, ethics, and social 

perspective. As inquiry-based science curriculum has evolved throughout the years, 
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attributes of the project-method such as expression, ethics, and social perspective were 

forgotten and only the emphasis on content remained. 

Inquiry is supported by research as best practice in science education (Jarmul 

& Olson, 1996; Olson & Louks-Horsley, 2000; NAS, 2003; NRC, 1996), however, 

inquiry cannot be the single solution to the transformation of science curriculum and 

instruction.  Chinn and Malhotra (2002) stated, “many scientific inquiry tasks given to 

students in schools do not reflect the core attributes of authentic scientific reasoning” 

(p. 175). Melville, Fazio, Bartley, and Jones (2008) claimed, “‘doing science’ by itself 

is insufficient” (p. 490).  Inquiry-based science curriculum is only a part of learning to 

do science and learning to think scientifically.  Cobern (1996) stated, “thinking is 

necessary for knowledge, but not sufficient” (p. 12).  For thinking to become 

knowledge, there must be some type of sense making and expression of the 

knowledge.  This sense making of science knowledge is a uniquely individualized 

process and personal experience, which is an attribute of constructivism.  Sense 

making of knowledge is dependent upon the ability of the student to be engaged or 

interested in the content behind the inquiry based activity.  A student that is majoring 

in physical therapy will be far more interested in learning how muscles work than a 

student who is majoring into bioengineering.  In order for a student to become 

invested in the activity and the content, s/he needs to know where it fits in a real life 

situation, personally, socio-culturally, or in his/her academic goals (Chinn & 

Malhotra, 2002; Melville et al., 2008).  Furthermore, once the student understands the 
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content and is engaged in the content, s/he must be able to effectively communicate 

that knowledge.  Figure 1 illustrates the connection between student 

engagement/interest, development of content knowledge, and communication of 

content knowledge as a part of a science curriculum. 

 

Figure 1-Components of Science Curriculum 

 

Three main weaknesses of inquiry based teaching have been identified in 

literature: lack of content knowledge, lack of building communication skills, and lack 

of student engagement (e.g., Lederman & Niess, 2000; Minner, Levy, & Century, 

2010; Sharma & Muzaffar, 2012).  Inquiry outperforms a traditional, lecture based 

instructional method in many aspects, but it cannot be viewed as the perfect or 
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exclusive instructional method for teaching science.  An inquiry based experiment 

may promote a deeper understanding of content knowledge than a lecture, but that 

does not mean that the student really understands what s/he is doing.  Furthermore, the 

student may not understand a connection between the inquiry and real life, and may 

not be interested enough to ever share the conceptual understanding s/he did attain.  

For example, a student learning about enzymes on a molecular level can perform an 

inquiry based experiment about enzymes and how they function, and learn exactly 

how an enzyme bonds to a substrate to produce a product.  However, this knowledge 

is useless, unless it is communicated, connected and applied to a real life example.  

This connection of the inquiry based knowledge to reality is challenging and 

mystifying to most students who can express how an enzyme works, but cannot tell 

you the name of a single enzyme in their own body.  There is need for a bridge to 

connect the knowledge constructed from the inquiry based event to reality 

Purpose of the Study 

Inquiry-based teaching does not always make the connection between the 

science knowledge and reality and rarely demands the student effectively 

communicate their new knowledge.  This study proposes that the weaknesses in 

inquiry-based curriculum can be supplemented by including an arts based instructional 

method.  My purpose is to demonstrate that a fusion of science and art in the biology 

laboratory enables students to acquire deeper understanding of abstract science 

concepts and develop a greater ability to collaborate and communicate with others.  
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The arts can also help re-introduce the novel idea of innovation and imagination in the 

science classroom in order to better prepare the students for medical/professional 

school assignments and scenarios in their future careers. 

There are two purposes for this research study.  The first is to compare an 

inquiry-based curriculum and an inquiry and art based curriculum in the areas of 

student content knowledge development, building of communication skills, and 

interest/engagement with the goal being to refine instructional methods within science 

teaching.  Since the study of curriculum is a complicated and exhaustive task, this 

study will only focus on these three specific areas of student achievement:  

communication, construction of content knowledge, and the student’s 

engagement/interest.  There are many more impacts of an inquiry and arts based 

curriculum, such as improvement in collaboration, increased innovation and 

imagination, better real life application, and gains long term retention.  However, since 

the time and resources of this study were limited, there were only three specific topical 

focus areas of curricular influence chosen to be studied.  This study also addresses 

challenges within the current traditional undergraduate biology lab curriculum as they 

are related to the academic and professional goals of the students. 

The second purpose of this study is to develop science curriculum theory in an 

effort to promote science curricular reform. Science curriculum is primarily content 

driven and an underlying curriculum theory for curriculum designers within the field 

of science would help control this tendency.  In addition, this study introduces 
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professors and students to the concept that mending the bond between science and art 

is a worthwhile and natural shift from the abstract to the concrete.  

Research Question 

There are three driving questions of this research study, they are:  

1. How does an inquiry and arts based (IAB) biology laboratory curriculum 

influence students comprehension of content knowledge when compared to 

an inquiry based (IB) laboratory curriculum? 

2. How does an inquiry and arts based (IAB) biology laboratory curriculum 

influence the communication skills of the student compared to an inquiry 

based (IB) biology laboratory curriculum? 

3. How does an inquiry and arts based (IAB) biology laboratory curriculum 

influence the students’ interest and engagement in the laboratory activity 

when compared to an inquiry based (IB) laboratory curriculum? 

These research questions were developed based on my own theoretical sensitivity to 

the topic of inquiry-based curriculum and my previous experience with the 

curriculum.  The three areas of focus for this study fit Glaser and Strauss’s 

recommendations for determining what type of data should be considered for 

theoretical sampling, “initial decisions for theoretical collection of data are based only 

on general sociological perspective and on a general subject or problem area” (Glaser 

and Strauss, 1967, p. 45).  The three focus areas for this study also made the research 

study practical and fitting for the time and resources that were available for a self-
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study. Erlandson, Harris, Skipper, & Allen stated (1993, p. 50), “An important role of 

the research question is to establish boundaries on what will be studies.  In naturalistic 

research there is a magnitude of investigative possibilities.  The research questions aid 

the inquirer in narrowing the research problem to a manageable size.” 

The arts based method that was chosen to integrate into the inquiry-based 

curriculum was storytelling.  Storytelling is defined by the National Storytelling 

Association as, “the art of using language, vocalization and/or physical movement and 

gesture to reveal the elements and images of a story to a specific, live audience” 

(Haven, 2000).  Storytelling was chosen because the content of the unit focused on 

interactions between molecules, and I believed that a story about relationships could 

capture the content and interaction of the molecules in a real and interesting way.  

Haven (2000) influenced the choice of storytelling as the type of art to integrate into 

the inquiry based curriculum.  His research synthesis has identified ten different ways 

that stories benefit students.  Six of those benefits are listed because of their 

importance to this study.  Stories benefit students by (1) improving conceptual content 

knowledge, (2) building communication skills in reading, writing and oral 

communication, (3) motivating of students to learn, (4) building of self-confidence (5) 

encouraging imagination and creativity, (6) improving analytical and problem solving 

skills.  Undergraduate biology students are in need of improvement in all of the above 

areas; this is why I chose storytelling to supplement the inquiry-based curriculum.  

Not only would I use a story to communicate content to the students, but I would 
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require them to write and tell stories of their own to express their understanding of the 

content. 

My bias as the instructor and researcher in this project tends to lean toward the 

belief that the IAB curriculum will have a more positive influence on the content 

knowledge, science communication skills, and student engagement/interest than the 

purely inquiry based curriculum. This belief is based on my previous experience in 

integrating the arts into the science curriculum, and the research I have done in 

preparation for this study. 

Definition of Terms 

 The terms used in this paper are clearly defined for the context and meaning of 

this study.  The terms art or the arts are used in this paper to mean a creative 

expression and or product of an individual’s imagination in a wide variety of forms.  

The National Research Council (NRC) defined the term inquiry as “the diverse ways 

in which scientists study the natural world and propose explanations based on 

evidence derived from their work” (NRC, 1996, p. 23). The term student engagement 

is used in several different ways through the literature, and for the purposes of this 

study, engagement needs to encompass the idea that the student is personally 

interested in the content because they understand a portion of its connection to a real 

situation, or to a specific personal application or goal.  The phrase science 

communication skills connotes the idea that the student is capable to communication 
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their science knowledge in an effective way including visual, oral, or written 

communication.  

Significance 

The importance of inquiry based curriculums has been called for by the 

American Association for the Advancement of Science [AAAS] (1989); the National 

Academies of Science [NAS] (2003); National Science Educations Standards (NRC, 

1996); and the National Science Teachers Association (NSTA, 1996).  However, there 

has been little research concerning the limits and weaknesses of inquiry or combining 

inquiry based science teaching with alternative methods like arts-based instruction.  

This study was an effort to fill that gap.  

Organizations such as the AAAS, NAS, NRC, and NSTA may find this 

research useful for creating new national standards for science teaching and 

recommendations for best practice. Science teachers of all levels may benefit from the 

description of constructing activities for integrating the arts into science curriculum.  

Administrators and policy makers in science education could use this research study as 

an example of the need for design and implementing professional development 

opportunities conducive to combining art and science, and also to inspire 

administrators and policy makers to encourage and create funding opportunities for 

teaching that is inclusive of both science and art.  Curriculum designers and authors of 

textbooks could use this study to help frame new curriculum theory and provides 

evidence for the inclusion of art into science curriculum. 
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Summary 

Researchers have found that inquiry is an effective teaching method in science 

education (AAAS, 1989; Haury, 1993; AAMC-HHMI Committee, 2009; Lederman & 

Niess, 2000; Marshall & Horton, 2011; NAS, 2003; NRC, 1996; Quinn, 

Schweingruber, & Keller, 2011).  However, inquiry is not without its faults, and as the 

fields of science and healthcare evolve, the science curriculum must respond and 

evolve in tandem.  Researchers have documented that the integration of arts is 

effective in all content areas of education (Davis, 2008; Greene, 1984; Greene, 2000; 

Ruppert, 2006) but art is not currently accepted as a viable teaching method in science 

classrooms.  The goal of this study is to examine the influences of IB and IAB 

curriculum on the student’s comprehension of the content, developing communication 

skills, and generating student interest and engagement in the biology laboratory. 
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CHAPTER II 

LITERATURE REVIEW 

Introduction 

Since undergraduate biology curriculum is central to this study, it is important 

to review the literature to understand the current state of the curriculum, including 

goals, best practice, strengths and weaknesses.  The first half of this review of 

literature will address these topics; the second half of the literature review will address 

how art fits in with the undergraduate biology curriculum. 

Goals of Undergraduate Biology Curriculum 

A review of the literature about the purpose of undergraduate biology 

curriculum and my experience teaching the curriculum reveals two primary goals, (1) 

to teach students basic content knowledge about biology in order to lay a foundation 

for upper level science classes, and (2) to prepare students for admission and entrance 

exams for medical, professional, or graduate programs.  Documentation for these two 

primary purposes of undergraduate biology curriculum can be found in documents 

such as “Scientific Foundations for Future Physicians” (AAAS & HHMI, 2009);  

“Vision and Change in Undergraduate Biology Education: A Call to Action” (Brewer 

& Smith, 2011); BIO2010:  Transforming Undergraduate Education for Future 

Research Biologists (NAS, 2003); and “Beyond Bio 101:  The Transformation of 

Undergraduate Biology Education” (Jarmul & Olson, 1996).  The way that biology 

programs attempt to meet these goals is unique to each university’s biology 
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department.  Inquiry is considered by many researchers and national organizations to 

be best practice in science education.  The following section discusses inquiry in 

detail.  However, university biology departments do not always use inquiry-based 

methods. 

The use of inquiry-based instruction in undergraduate biology curriculum 

The primary strength in the undergraduate biology curriculum is the use of 

inquiry as a curriculum and instructional method.  Organizations such as the National 

Academies of Science (NAS), National Research Council (NRC), Howard Hughes 

Medical Institute (HHMI), and the National Science Foundation (NSF) have called for 

inquiry-based science teaching in all fields of curriculum, but particularly in the 

content area of science (Jarmul & Olson, 1996; NAS, 2003; NRC, 1996).  The 

National Research Council defined inquiry as “the diverse ways in which scientists 

study the natural world and propose explanations based on evidence derived from their 

work” (NRC, 1996, p. 23).  Inquiry requires a student to think creatively and 

imaginatively in order to construct knowledge through the experience of doing 

science.  Haury (1993) noted, “From a science perspective, inquiry oriented 

instruction engages students in the investigative nature of science” (p. 1). 

Inquiry-based learning has become a popular term in science instruction, but 

knowing exactly what inquiry is and is not, is equally important as implementing a 

inquiry-based curriculum.  The root of inquiry is constructivism.  In constructivist 

theory the student constructs knowledge based on experience (Dewey, 1959; Ornstein, 
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2013; Pinar, 2004).  The constructivist background of inquiry is multi-faceted. There 

are several qualities of an effective inquiry-based curriculum.  According to Dewey, 

inquiry should be collaborative and imaginative (Schön, 1992).  Collaboration implies 

that inquiry must be rich in communication opportunities, and reflect personal 

expression and interpretation of data.  Kilpatrick (1918), a constructivist philosopher 

who prepared the foundations for inquiry, spoke of education as being centered on 

authentic events in his project-method curriculum. He called these authentic events 

“purposeful acts” that reflected practical and real life events.  This is the underlying 

idea in inquiry-based curriculum; a real-life event that stimulates student construction 

of specifically applied content knowledge.  Kilpatrick (1918) stated, “As the 

purposeful act is thus the typical unit of the worthy life in a democratic society, so also 

should it be made the typical unit of school procedure” (p. 3).  The curriculum should 

be made of real life problems, where content knowledge must be discovered while the 

student is investigating the problem. NRC (1996) defined inquiry-based student work 

as an authentic science event where the students construct and gather data to solve a 

question. This authentic event must also be interdisciplinary, “linked to society” 

(Pinar, 2004, p. 232), encourage self-reflection, and grounded in history.  Authentic, 

inquiry-based events should be practical, relevant, and driven by the imagination of 

students (Greene, 2000; NRC, 1996).  Good inquiry-based curriculum should exhibit 

rich opportunities for communication, collaboration, authenticity, global relevance, 

innovation, and imagination. 
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As stated by Martin and Brouwer (1991),  

An authentic portrayal of science would be one that included, where 

appropriate, a development of the methodological, epistemological, personal, 

private, public, historical, societal, and technological aspects of science as well 

as addressing the question of the aims or purposes implicit within science. (p. 

708)   

Research findings reveal that inquiry can help improve student engagement  (Haury, 

1993; Huddleston & Addy, 2005; Keys & Bryan, 2001), and help students construct 

content knowledge (Haury, 1993; Huddleston & Addy, 2005; Krajcik & Sutherland, 

2010).  

Problems with Inquiry 

Inquiry, however, is not without fault.  The term inquiry has fallen prey to 

ambiguity. The Buck, Bretz, and Towns (2008) study of undergraduate science 

laboratory manuals with the word “inquiry” in the title revealed that most of the 

laboratory manuals used inquiry-based methods in vastly different ways.  The authors 

searched current literature on the topic to find a definition, and found that no specific 

definition exists.  Buck et al. (2008) stated, “the word ‘inquiry’ is used ubiquitously 

through education literature” (p. 52).  This variety of uses and definitions of the term 

inquiry creates a problem for teachers who are making efforts to use inquiry-based 

curriculum.  

A research synthesis titled, “Inquiry-Based Science Instruction—What is it and 

does it matter?” by Minner, Levy, and Century (2009) of 138 inquiry-based studies 

documented the variety of types, methods of implementing, and definitions of inquiry.  
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Minner et al. (2009) explained the inclusion criteria for studies included in their 

research synthesis as follows: 

A study was considered inquiry-based and included in the synthesis if at least 

one of the instructional treatments was about life, earth, or physical science; 

engaged students with scientific phenomena; instructed them via some part of 

the investigation cycle (question, design, data, conclusion, communication); 

and used pedagogical practices that emphasized to some extent student 

responsibility for learning or active thinking. (p. 2) 

The author’s inclusion criteria had to be broad enough to include a large variety of 

inquiry-based curricula.  This vague definition of inquiry-based curriculum within the 

research reflects the nebulous instructional methods that present themselves as 

inquiry-based curriculum. 

Researchers have indicated that many teachers who use inquiry do not 

understand and lack experience in implementing an inquiry-based lesson (Buck et al, 

2008; Lederman & Neiss, 2000; Melville, Fazio, Bartley, & Jones, 2008; Nelson & 

Moscovici, 1998).  Teachers have been confused by the multitude of definitions and 

methods of inquiry-based teaching, as well as the claim of many science curricula’s to 

be “inquiry-based”, when they have not been inquiry-based at all. 

Although inquiry has been determined to be best practice in science education, 

inquiry may be the last thing you will find in most university level biology classes.  

Most undergraduate biology classes are notorious for long lectures, extreme note 

taking, and confusing multiple choice tests (Brewer & Smith, 2011).  For many 

colleges and universities, undergraduate biology courses are solely textbook and 

lecture driven (Gormally, Brickman, Hallar, & Armstrong, 2011). Researchers have 
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suggested that the traditional lecture and textbook driven methods of classroom 

teaching are ineffective (Daniels & Zemelman, 2004; Juslin, Winman, & Olsson, 

2000; Kirk et al, 2001).  Lecture style classrooms dependent on textbooks for content 

reflect a static portrayal of science that is neither accurate nor effective for teaching 

students how to construct science knowledge. 

Researchers have examined textbooks that asserted to be inquiry-based (Buck 

et al, 2008; Chinn & Malhotra, 2002) and found that they were not what they claimed.  

A specifically disturbing example is the popular undergraduate biology book by 

Mader (2007) entitled Inquiry into Life. The word “inquiry” in the title of this book is 

misleading, as the work is solely a collection of facts and does not include any actual 

inquiry activities.  Mader has not published research articles about inquiry-based 

teaching. It is alarming that an author who has no evidence of actually engaging in 

inquiry can publish a textbook about inquiry that is used by thousands of teachers and 

students across the United States.  Researchers have noted that science textbooks have 

been traditionally written from a blatantly quantitative and empirical viewpoint 

(Cobern, 1996; Daniels & Zemelman, 2004).  The use of a textbook as an inquiry-

based curriculum is a conundrum.  Imagine teaching a future surgeon to do surgery 

without ever putting a scalpel in the surgeon’s hand, but instead telling the future 

surgeon to memorize a list of steps.  The idea that science content can be accurately 

learned by the students without the students ever experiencing, seeing, or 

experimenting the actual content is questionable at best. Authentic inquiry and 
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scientific imagination cannot be capsulated in a box of quantitative statistics or coldly 

empirical factoids. 

Inquiry and the current generation of students 

Pinar (2004) claimed the students of today are technologically advanced, 

stunted intellectually, and accustomed to an authoritarian teacher lecturing about the 

importance of memorizing meaningless facts in order to pass a test to make it to the 

next level.  Many undergraduate students have not been exposed to an inquiry-based 

curriculum and struggle with the concept and skills to succeed within inquiry-based 

curriculum (Fayer, Zalud, Baron, Anderson, & Duggan, 2011; Goldstein & Flynn, 

2011; Gormally et al., 2011).  This is due to most students being accustomed to 

maintaining passive roles in the classroom, therefore when they are given an active 

role; they are unable to make assertive decisions. 

The current generation of science students has also existed under a socio-

cultural cloud that labeled those with science knowledge in a classification of “geek” 

or “nerd” (Kendall, 1999).  This narrow classification limited the ability of the “nerd” 

or “geek” to communicate science in a way that the majority of the population could 

understand (Kendall, 1999).  Most students do not want to be unattractively labeled or 

stereotyped by their peers for pursuing a career in science. 

In addition, in order to keep up with the invention and innovation that are 

present in other countries around the world, innovation and creativity must be 

practiced along with the conceptual science material in U.S. science classrooms 
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(Council on Competitiveness [COC], 1998).  Students who learn passively and 

regurgitate science will be severely limited in the field of science, where imagination, 

innovation, and creativity are currently sought after in the science and medical 

industry (COC, 1998).  

The current generation of science students have become accustomed to 

education that encourages a passive role in learning (Fayer et al., 2011; Goldstein & 

Flynn, 2011; Gormally et al., 2011); memorization and regurgitation of disconnected 

information as well as little concern with student engagement or interest in learning 

science (Pinar, 2004); a negative cultural stereotype of science communication skills 

(Kenndall, 1999); and no place for imagination (COC, 1998).  Science curriculum 

must be able to effectively communicate science content to this audience.   

Weaknesses in Undergraduate Biology Curriculum 

A review of the literature identifies weaknesses in the undergraduate biology 

curriculum, (1) overemphasis on content knowledge, (2) lack of alignment between 

curriculum between entrance exams and admission requirements for medical or 

graduate school. 

Emphasis on content 

Undergraduate biology curriculum has been under scrutiny for the past 25 

years by organizations such as the American Association for the Advancement of 

Science, the Howard Hughes Medical Institute, the National Academies of Science 

and the National Science Foundation (Brewer & Smith, 2011).  The reason for the 
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scrutiny is because science has advanced by leaps and bounds within the past 25 years, 

while biology curriculum content has changed very little during the same time period.  

When a curriculum is solely focused on content, and the content is continually 

changing, there will always be a gap between what is taught in the classroom and what 

is occurring in scientific research.  When a curriculum has been encouraged to reform 

for 25 years by organizations such as AAAS, HHMI, NRC, and NSF, there is a 

problem within the curriculum.  One of those problems is the focus of the curriculum 

on static content knowledge.  According to research in science education, science 

curriculum should never remain static (Brewer & Smith, 2011; Cheesman French, 

Cheesman, Swails, & Thomas, 2007; Khodor, Halme, & Walker, 2004; NAS, 2003).  

Each science teacher needs to continually change and modify their curriculum to keep 

up with the changes in science and technology.  As the fields of health care, science, 

and technology advance and evolve, the undergraduate biology curriculum content 

must remain in flux in order to be relevant to scientific advancement and social 

evolution (Gormally et al., 2011). Curriculum, specifically science curriculum, must 

be flexible and adaptable and change with the advancement of science.   

In a survey of 403 biology departments nationwide, Cheesman et al. (2007) 

determined that the primary purpose of undergraduate biology curriculum is to relay 

content to the students.  The survey used in the study made no mention of any purpose 

of the curriculum other than to relay content.  For example, there was no mention of 

teaching students other important science skills such as critical thinking, 
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communication, scientific inquiry, or research. The authors stated that, although there 

are no national standards for undergraduate biology curriculum, there remains 

uniformity of the biology content across the nation.  The authors attributed this content 

uniformity to the use of similar textbooks in order to determine the content of the 

course. 

The nationwide dependence of undergraduate biology curriculum on textbooks 

(Cheesman et al., 2007) for content knowledge begs the question: Are these textbooks 

inquiry-based?  Since we have established that inquiry is best-practice in science 

education, can we assume the textbooks used to teach undergraduate biology must also 

be inquiry-based?  Chinn and Malhotra (2001) examined 468 self proclaimed inquiry-

based science activities from a collection of science textbooks and discovered that 

very few of the textbook activities actually incorporated any authentic scientific 

inquiry.  They stated, “Textbook curricula, which remain important in many schools, 

are dominated by oversimplified inquiry tasks that bear little resemblance to authentic 

scientific reasoning.” (Chinn & Malhotra, 2001,p. 214). 

Preparing Students for Entrance Exams and Admission to Medical Schools 

The goals of many undergraduate science major students are similar; most of 

them aspire to medical, physical therapy, pharmacy, or dentistry school.  A few 

students aspire to pursue careers in a variety of graduate science fields.  The long-term 

goals of the students and the requirements needed to pursue those goals must be kept 

in mind when teaching undergraduate biology courses.  The MCAT or medical school 
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admissions test is a classic example of this type of requirement.  The MCAT has been 

completely revised and currently students enrolled in undergraduate biology classes 

will be prepared for the new version of the MCAT, which will debut in 2015.  An 

examination of the MCAT 2015 test content revealed students were required to know 

a great deal of factual information in addition to having acquired other skills such as 

verbal reasoning, physical and biological cognitive skills.  The MCAT preview guide 

(American Association of Medical Colleges [AAMC], 2012), in a section about 

biological research, noted student skills such as: “determining the implications of 

results for real world situations, reasoning about ethical issues in scientific research” 

(p. 16).  Instructors of undergraduate biology need to determine how the curriculum 

provides opportunities for the student to build these skills, as inquiry-based curriculum 

does not traditionally allow the student to ponder such issues.  The MCAT preview 

guide (AAMC, 2012) section of the test called “Critical Analysis and Reasoning 

Skills” acknowledges the individual being tested will be asked “to develop overall 

meaning of the text and summarize it, evaluate, and critique the ‘big picture’, and 

finally synthesize, adapt, and reinterpret concepts previously processed and analyzed” 

(p.131).  An inquiry-based curriculum does not always promote this type of reading 

skills.   

The GRE is a test that many of the undergraduate biology majors will take in 

order to get into graduate school. According to the website for the GRE: 

The Verbal Reasoning measure of the GRE® revised General Test assesses 

your ability to analyze and evaluate written material and synthesize 
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information obtained from it, analyze relationships among component parts of 

sentences and recognize relationships among words and concepts. (Educational 

Testing Service [ETS], 2014, para. 1) 

Evaluating the requirements of the MCAT and GRE revealed a severe 

misalignment of not only a traditional biology curriculum, but also an inquiry-based 

curriculum.  The requirements of graduate and professional schools are becoming 

more focused on qualities such as communication, collaboration, and innovation.  The 

undergraduate biology curriculum usually does not provide for any of these qualities 

within its content focused instructional methods. 

Summary 

Undergraduate biology curriculum is in crisis.  The findings of research 

indicate that traditional, textbook driven, lecture based instruction in science is 

ineffective (Brewer & Smith, 2011; Buck et al., 2008; Gormally et al., 2011).  Inquiry-

based curriculum is more effective than traditional classrooms, but due to its 

ambiguity, inquiry is often difficult for teachers to implement correctly (Buck et al., 

2008; Minner et al., 2009).  The current goals of the undergraduate biology curriculum 

inhibit the dynamic growth of curriculum to match scientific advancement.  There is 

an obvious gap between the goals of the undergraduate biology curriculum and the 

efficacy of the curriculum.  

Research findings have indicated inquiry was a best practice for teaching 

science. However, science educators should be evaluating if the goals of the 

undergraduate biology curriculum (content knowledge and preparation for graduate 
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school) would be best met through the implementation of an inquiry-based curriculum.  

Based on the review of literature, inquiry alone does not maximize student 

achievement and understanding in preparation for future careers.  Inquiry-based 

curriculums do not always help students to evaluate, synthesize, and determine 

relationships between concepts, which are skills required by entrance exams such as 

the MCAT and GRE.  Many inquiry-based curriculums have focused only on the 

inquiry process and the resulting content knowledge.  Inquiry-based curriculums 

frequently fail to have the students apply knowledge, write and evaluate conclusions, 

communicate experiences, and determine relationships between multiple inquiry-

based activities, which are admission requirements of medical and graduate schools.   

The review of literature indicated that inquiry-based teaching must be supplemented 

with something that will engage students, allow students to be creative and innovative 

within the content, provide students opportunities to communicate and collaborate, 

and help students with long term retention of science knowledge. 

There must exist an instructional method or curriculum that can solve some of 

the problems and gaps between the goals and reality evident in undergraduate biology 

curriculum.  Based on my knowledge of the literature, and my own teaching 

experience, my theoretical sensitivity allows me to propose that art can supplement 

these gaps. 
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Why include the arts in science education? 

Great scientists have long promoted the value of art as a component of science.  

Albert Einstein stated, "I'm enough of an artist to draw freely on my imagination. 

Imagination is more important than knowledge. Knowledge is limited; imagination 

encircles the world" (as quoted in Viereck, 1930, p. 446).  Max Planck (1949), father 

of quantum theory, proposed that pioneering scientists “must have a vivid intuitive 

imagination, for new ideas are not generated by deduction, but by an artistically 

creative imagination” (p. 109).  Victor Weisskopf (1979), a respected theoretical 

physicist, stated, “Every true work of art transforms and molds a complex of many 

varied impressions, ideas or emotions, into one unique entity; it compresses a great 

variety of internal or external perceptions into a single creation” (p. 100).  The 

creation of an artistic interpretation of science is the creation of scientific meaning. 

Educational researchers have advocated for the integration of arts into content 

area instruction.  Davis (2008) stated, “The value of the arts in education is clear and 

non-negotiable” (p. 7).  The benefits of the arts in education are well researched.  

When the arts are utilized in education students show improved representation of 

meaning (Davis, 1999; Freedman, 2000), a more in depth understanding of content 

knowledge (Weisskopf, 1979), and personal passion and greater work ethic (Harrison, 

2002) In addition the inclusion of the arts in education gives students an increased 

appreciation for the diverse backgrounds and knowledge representations of others 
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(Rifa-Valls, 2009) and improvement of the students connection of knowledge to a 

global perspective (Cawthon et al. 2011).   

Three components of Science curriculum 

Undergraduate biology curriculum must address more than just content.  The 

scientists and doctors of tomorrow need a dynamic curriculum that allows them to 

build specific set of skills necessary to success in graduate school and in their future 

carreer.  Biology students need to be interested in, understand, and be able to express 

their knowledge about what they are studying.  These three areas are the specfic areas 

of focus of this study.  Their relationship is illustrated in the theoretical model 

appearing in Figure 2. 

 These three areas of student content knowledge, communication of science 

Figure 2- Three supporting components of science curriculum 
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information, student engagement/interest were chosen because they are fundamental 

concepts that support successful science curriculum.  There are many more positive 

impacts of including art into science curriculum such as improvement in long term 

retention, increased collaboration, and greater creativity.  However, I have chosen to 

focus on these three particularly relevant characteristics of science curriculum in this 

study.  For science education to achieve the purpose of developing quality doctors and 

scientists (AAMC, 2009; AAMC & HHMI, 2009; Brewer & Smith, 2011; NAS, 2003; 

NRC, 1996; Quinn, 2012) the curriculum must concentrate on content knowledge, 

communication of that knowledge, and the engagement and interest of the student.  

Missing any one of these elements causes problems. For example, an individual can be 

an expert in science content knowledge and be completely unable to effectively 

communicate their knowledge or be completely uninterested in the subject.  Another 

individual could be interested in science, but have little to know content knowledge or 

communication skills.  A third individual could be able to effectively communicate 

his/her shallow science knowledge, but have no interest in the topic or inaccurate 

content knowledge.  Science curriculum cannot be successful or complete when one of 

these three pillars is missing from the curriculum.  The image of the stool is an 

appropriate metaphor for this symbiotic relationship.  The weight of the curriculum is 

evenly distributed across the three legs; without one of these three legs, the stool will 

collapse. If one of the legs is less developed, the stool is unbalanced. In my opinion, 
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this collapsing of science curriculum is the current problem in science education, and 

the purpose behind this research study. 

My own three basic components of science curriculum are similar to those 

outlined by Newmann, Marks, and Gamoran (1996) in their concept of authentic 

pedagogy.  Newmann et al. (1996) developed the idea that students in active learning 

classrooms and using their authentic pedagogy model will exhibit an increase in 

achievement.  Their empirical study included 130 classrooms in 23 different schools 

ranging from elementary through high school levels and spanned multiple subject 

areas.  Authentic pedagogy included three pillars: construction of knowledge, 

disciplined inquiry, and value beyond school.  These three pillars match well with the 

three legs supporting the science curriculum in my theoretical model. Construction of 

knowledge equates with content, disciplined inquiry equates with communication, and 

value beyond school equates with student engagement and interest.  This match 

between the two theories further solidifies the idea that research should be evaluating 

instructional methods with these three specific student performance goals in mind.  

Newmann et al. (1996) stated, “Construction of knowledge through disciplined inquiry 

to produce discourse, products, or performance that have value beyond success in 

school can serve as a standard of intellectual quality for assessing the authenticity of 

student performance” (p. 287). Newman et al. (1996) concluded that when authentic 

pedagogy is implemented, there is an increase in student achievement. 



Texas Tech University, Chrissy Cross, May 2014 

32 

 

In the review of literature for this project, it was important to evaluate the 

research about the roles of content knowledge, communication, and student 

engagement/interest within the undergraduate biology curriculum.  It was also 

important to examine the literature for studies that address the influence of art upon 

the same three focus areas for this study.  

Communication 

Why is communication an important part of science curriculum? 

 

Communication is an important part of the fields of science and deserves a 

place of equality in the science classroom.  Science knowledge is useless when a 

person cannot communicate their science knowledge with others in an effective 

manner. The Big Bang Theory is a popular comedy on TV (Lorre, 2007).  The 

storyline is focused around a group of friends who are physicists and engineers.  The 

hilarity of the show banks on the inability of the very intelligent group of scientists to 

communicate and socialize appropriately.  This is an over-exaggerated cultural 

snapshot of scientists as products of the traditional undergraduate and graduate science 

curriculums--brilliant scientists who cannot appropriately communicate even in 

normal social settings. 

Effective communication is a skill that is required for admission into many 

graduate programs and medical schools. Medical schools such as UT Southwestern, 

John Hopkins, and Stanford Medical School have made effective oral and written 

communication skills a requirement for admission into their medical programs.  
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Specifically, Stanford Medical School (Stanford University School of Medicine, 2014) 

posted “Candidates must be able to communicate effectively and efficiently with 

patients, their families, and members of the health care team” (p. 1, para. 5).  The 

Princeton Graduate School of Physics conveyed to applicants that they must be able to 

“creatively” communicate in a “convincing and coherent” way their research interests 

(Princeton Department of Physics Graduate Admissions, 2013, p. 1, para. 9).  

Pharmacy, physical therapy, and dentistry programs and other professional schools 

often have an interview requirement prior to admission in order for the program 

administrators to assess the oral communication skills of the applicant.   

Not only are communication skills important for passing entrance exams and 

admission into graduate and professional schools, there is evidence of a great 

importance of effective communication skills in the field of science and as a 

contributing member of society in general. 

I believe Chan’s (2001) article addressing university undergraduate science 

courses and their incorporation of oral communication into curriculum should be 

required reading of all undergraduate science instructors.  Chan (2001) noted, 

Science communication needs to be strengthened at the undergraduate level 

and the implementation of oral communication training and assessments 

should be encouraged to ensure that undergraduate science graduates are 

proficient in not only technical and critical thinking skills, but also in the 

ability to talk about their science and research.” (p. 78)   

Chan’s (2001) presentation of current literature about the connections between oral 

communication and science education was personally eye-opening to me and helped 
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frame the research design for this study. The inquiry and arts based unit implemented 

was designed to allow students to orally communicate their own experiment, data, and 

conclusions.  The ability of the student to communicate their science content 

knowledge is just as important as the science content knowledge (Chan, 2011). 

The connection between communication skills of medical students in residency 

to their previous training, attitudes, personal characteristics, and clinical knowledge 

was the focus of the Suzuki Laidlaw, Kaufman, MacLeod, van Zanten, Simpson, & 

Wrixon (2006) research study.  This mixed methods study of 78 first- and second-year 

medical students in residency concluded that significant connections were evident 

between the personal characteristics, prior training, and clinical knowledge and the 

quality of the communication skills of the students.  This study demonstrated that oral 

communication skills in the field of science must be taught and practiced by the 

student from the beginning of their science education in order to prepare them for their 

career in healthcare.  Suzuki Laidlaw et al. (2006) stated, “Our study reveals that 

residents who underwent prior communication skills training significantly 

outperformed those who did not” (p. 24).  These finding suggest that instructors of 

undergraduate science classes should incorporate a student oral communication 

component in order to effectively prepare the students for their future careers.  In 

addition, there was a strong connection between the clinical knowledge or science 

content knowledge and the communication skills of the student.  The authors stated, 

“A strong positive relationship also existed between effective patient–doctor 
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communication and an ability to impart relevant clinical knowledge” (Suzuki Laidlaw 

et al., 2006, p. 24).  Specifically, the better the science content knowledge of the 

student, the better the student was able to orally communicate that knowledge. 

Rivard and Shaw’s (2000) mixed methods study of the influence of talk and 

writing in learning science indicated that discussion between student and orally 

communicating science concepts helped the student gain more in-depth knowledge of 

the science, and reinforced the basic skills of scientific research (question, 

hypothesize, explain, collect data).  The 43 eighth grade participants completed a 

series of pre-tests, post-tests, essays, multiple choice tests, and discussion groups.  

Rivard and Shaw (2000) concluded that oral communication is important to building 

content knowledge in the science classroom. 

Working individually, many students probably lacked the knowledge base for 

constructing adequate explanations for the various problem tasks and, 

consequently, did not learn as much working alone as those students who 

discussed these problems with peers. Talk or discussion appears to be 

important for sharing, clarifying, and distributing knowledge among peers. 

Asking questions, hypothesizing, explaining, and formulating ideas together all 

appear to be important mechanisms during these discussions. (Rivard & Shaw, 

2000, p. 585)   

Rivard and Shaw’s (2000) study also influenced my research because I wanted my 

students to discussion and talk in small groups about what was occurring in their 

experiment in order to determine how they constructed meaning from the experiment 

and determined what answers to write on their laboratory exercise and in their lab 

reports.  Discussion about science and making stories about science help students in 

growing their content knowledge.  
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Norback gathered input from over 75 science and engineering businessmen to 

study their oral communication skills.  She found that the science and engineering 

executives agreed that excellent oral communication skills give those new to the field 

an edge over those whose communication skills are lacking.  Norback (2013) stated, 

“Many studies have shown that communication skills are central to an engineer’s and 

a scientist’s success and promotion and that communication may account for a 

majority of the engineer’s daily practice” (p. 5).  If students are allowed to practice 

and hone their communication skills in the undergraduate science classrooms, they 

will be better prepared for graduate or professional school.   

A review of literature was conducted by Scotland’s Information, Analysis and 

Communication Division in order to help determine national policy for education 

(Ruiz, 2004).  This synthesis of studies found that when arts, culture and sports are 

included in curriculum, students improve in the areas of health, understanding social 

justice, participation in cultural and community events, and economic stability.  Ruiz 

(2004) noted, “Participation in arts education can lead to not only the development of 

arts and knowledge skills, but to increased confidence and the development of 

communication skills, an understanding of diversity and transferable skills for future 

employment” (pp. 2-3).   

Oral communication has fallen by the wayside in undergraduate science 

teaching (Chan, 2011; Krajcik & Sutherland, 2010; Suzuki Laidlaw et al., 2006).  

Researchers have shown that oral communication in the fields of science and 
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healthcare is equally important as the science content knowledge (Chan, 2011; 

Norback, 2013; Krajcik & Sutherland, 2010; Rivard & Shaw, 2000; Suzuki Laidlaw et 

al., 2006). These researchers documented that as students learn to communicate and 

converse about their ideas about science, they collaborate and combine their 

experiences to reach a new level of knowing. The Howard Hughes Medical Institute 

(HHMI) noted students must have the capability of communicating through “writing 

and speaking clearly, working in groups, acting ethically” (Jarmul & Olson, 1996). 

Many times communication is as simple as a dialogue or conversation between peers. 

When students are talking about science they are building content knowledge. Science 

curriculum must involve teaching students how to communicate science information 

appropriately. 

The Arts and Communication Skills 

Since effective communication skills are a necessary requirement for a career 

in science or healthcare, building effective communication skills should be a goal of 

the undergraduate biology curriculum as well. A review of the literature indicated that 

art based education was an effective instructional strategy for helping students 

communicate their scientific knowledge (Brooks and Nahmias, 2009; Davis, 1999; 

Fels, 1999; Greene, 2000; Torke, Quest, Kinlaw, Eley, and Branch, 2004).  

Maxine Greene, educational philosopher and advocate of arts in education, 

stated that when a student is given the opportunity to express content knowledge in an 

artistic way, they are able to form a greater understanding of the content.  She also 
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noted that art allows students a comfortable opportunity to dialogue about the content 

and pursue a greater understanding and build communication skills at the same time.  

She stated, “Experiences with the arts and the dialogues to which they give rise may 

give the teachers and learners involved more opportunity for the authentic 

conversations out of which questioning and critical thinking and, in time, significant 

inquiries can arise” (Greene, 2000, p. 273) 

  Jessica Hoffman Davis, the founder of the Arts in Education program at 

Harvard University Graduate School of Education, has advocated for the inclusion of 

the arts in education because it enables students to express their knowledge in a way 

that they understand.  According to Davis (1999), art becomes an avenue for effective 

communication of content knowledge.  She stated, “The arts enable us to express who 

we are and how and what we see as no other sets of symbols allow” (Davis, 1999, p. 

28) 

Fels (1999) qualitative research study with a science education class of pre-

service science teachers using performative inquiry provided insight into utilizing the 

arts to communicate science. Fels (1999) incorporated drama into an integrated 

science class for pre-service teachers because “when we journey into science through 

drama and storytelling, we begin to understand that science is realized through a 

creative and critical exploration of perceived and imagined phenomena” (p. 108).  

Viewing science and scientific inquiry as having their beginning in creativity and 

imagination creates a perfect stage for performance as building knowledge.  The 
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participants in Fels’ (1999) study were required to create a performance about the 

physical and molecular connections between light, sound and motion.  Fels calls this 

type of art and science combination, performative inquiry.  Performative inquiry was 

defined as “a theory of performance as learning” (Fels, 1999, p. 30).  Fels went on to 

say “it is through performance that cognition or learning may be realized” (p. 39).  

Fels (1999) investigated how dramatic performance of a scientific concept could be a 

viable pedagogical tool.  Fels (1999) concluded that through the performative inquiry, 

students exhibited translation and transference of learning, imaginative representation 

of science knowledge, and enthusiasm in researching the content to produce a 

performance. As the students were creating, practicing, and performing, they were 

building content knowledge and improving their ability to effectively communicate 

that knowledge. 

Torke et al. (2004) utilized drama to instruct third year medical students about 

issues related to end of life care.  The drama exercise included the content knowledge 

the students needed to communicate diagnosis, treatment plans, and possible outcomes 

to the patients.  This instructional method was chosen because of drama’s flexibility to 

build content knowledge, communication skills, and empathy and emotional 

connections.  A lecture on the topic of end of life care would not produce the same 

outcome or active student practice and participation.  This quantitative study included 

108 third-year medical students who participated in a role-play type reader’s theater 

on the topic of end of life care and then immediately evaluated the exercise. The 
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majority of the medical students agreed that the reader’s theater helped them to 

understand the topic of end of end of life care and prepared them to build relationships 

with patients.  Six months later the same medical students evaluated the experience 

again. The majority of the medical students still agreed that the reader’s theater helped 

prepare them for their clinical skills in developing end of life care.  Torke et al. (2004) 

stated the students, “felt their knowledge and ability to address specific end-of-life 

skills were improved” (p. 544).  The findings of this research study indicated drama 

allowed the instructors to incorporate not only content knowledge, but also provided 

them and opportunity to address application and appropriate communication of the 

content knowledge. 

Brooks and Nahmias (2009) studied the engagement and vocabulary retention 

of a group of seventh grade students in a life science class through the use of 

curriculum-based reader’s theater.  The researchers chose a narrative-style book that 

was aligned to several different required state science standards for the students to 

read and derive content information.  The teachers assigned groups of students to write 

and perform reader’s theaters based on the science content of the book. Brooks and 

Nahmais (2009) concluded their project was very successful because the student’s 

mastered the learning objectives, scored strong on the vocabulary assessments, and 

communicated the science concepts clearly in their reader’s theater scripts. “Overall, 

students were very successful in the script-writing task. They developed accurate and 

entertaining scripts that communicated clearly to their audience the key ideas and 
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events in every chapter” (Brooks & Nahmias, 2009, p. 33).  Furthermore, Brooks and 

Nahmias (2009) observed an increased level of student engagement and interested 

than during traditional science lessons. 

When art is incorporated into the science classroom, no matter the age or level 

of the students, researchers findings indicated an improvement in the students’ 

communication skills (Brooks & Nahmias, 2009; Fels, 1999; Torke et al., 2004).  

Respected educational researchers and advocates for the arts in education noted the 

positive connection between the incorporation of the arts in education and building 

effective communication skills (Davis, 1999, Greene, 2000). The findings of these 

studies and the recommendations of respected arts in education advocates indicated 

that students build effective communication skills when art is incorporated into the 

curriculum. 

Student Engagement and Interest 

The variety of ways researchers use the term “student engagement” has made it 

difficult to develop a specific definition of the term or a method of assessment.  The 

phrase “student engagement” was defined in the first chapter as a personal interest in 

the content based on understanding of the content’s connection to a real situation, 

specifically on a personal level.  If a student is engaged, according to this definition, 

they are not only actively doing science, but also interested in what they are doing. 

Students who are interested and engaged in the science classroom have better long 

term memory, perform better on assessments, and have a greater chance of future 



Texas Tech University, Chrissy Cross, May 2014 

42 

 

academic success (Kuh, Cruce, Shoup, Kinzie, & Gonyea, 2008) than students who 

are not interested in the class or bored. 

The Arts and Student Engagement and Interest 

The A+ schools program was implemented in North Carolina over a period of 

four years in 24 schools (Noblit, Corbett, Wilson, and McKinney (2009).  The 

program implemented an arts based curriculum and provided professional 

development to the teachers on how to incorporate arts based curriculum.  The A+ 

program not only increased the student’s standardized test scores but also improved 

their behavior and critical thinking skills.  The teachers also benefitted from the 

program and increased their collaboration and communication with each other and the 

community. Noblit et al. (2009) noted that “arts make learning fun, arts reach more 

students because success is defined in different ways, arts make learning more 

meaningful by adding important connections, and arts tap a core need for identity, 

creativity, and growth” (p. 151).  The findings of Noblit et al. (2009) provided 

evidence that incorporation of the arts into curriculum helps increase student 

engagement and interest in addition while developing student content knowledge.  

In another qualitative research study, Fels and Meyer (1997) created 

performance opportunities in their undergraduate elementary education physical 

science class at the University of British Columbia.  Through inquiry the students 

experienced science concepts and then found creative ways to express that knowledge. 

As the students began to express their knowledge of the concept through performative 
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methods such as reader’s theater, poetry, plays, and other arts and drama, Fels and 

Meyer (1997) realized that the student’s level of knowledge was consistently 

increasing because of their appropriate use of science terms that reflected the 

overarching themes of the lessons.  The student’s foundational inquiry developed 

knowledge and their design of their performances opened new questions and depths of 

knowledge for the students to pursue (Fels & Meyer, 1997). In addition, since the 

students were allowed to express and communicate the science content in their own 

personalized way, they were engaged and interested in the content and the method of 

communication. Fels and Meyer (1997) noted,  

This (re)vision of science was a last-ditch effort for those students who had 

been afraid to trust in their own knowing and interactive exploration of 

phenomena within learning and teaching. In the end, our students brought forth 

their knowing as language embodied in performance to the stage, and in doing 

so, embraced the Monster that was once their science. (p. 74)   

The alternative methods of expressing science content knowledge gave the students a 

confidence and depth of understanding that previous science classes had not attained.  

Cawthon, Dawson, and Ihorn (2011) conducted a mixed methods study on how 

drama based instruction influenced student engagement and teacher engagement.  

Drama was integrated into core subject classrooms over a period of three years in a 

school district. Nineteen teachers and their students participated in the study.  The 

results of the study indicated that 91% of the students were engaged in the lesson 

including the arts component, while 61% of the students were engaged in a classroom 

that did not include the arts component.  The researchers concluded that student level 
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of engagement increased when involved in the drama based instruction.  Cawthon et 

al. (2011) observed “Arts-based instruction calls on teachers to be creative participants 

in their teaching, making the classroom a more lively and engaging place to learn” (p. 

17). 

The Arts and Content Knowledge 

Content knowledge has been the primary focus of science education for the 

past seven decades.  Student performance on content tests has been the emphasis in 

most science curriculums from third grade to graduate science programs. Research 

indicates that the arts are beneficial for increasing content knowledge, specifically in 

science.  Drama, novels, storytelling, and performative inquiry are only a few of the 

arts based methods that researchers have documented as improving student content 

knowledge and engagement.   

Bradbury, Frye, and Gross (2013) researched the influence of using a novel as 

a content source for fourth grade students studying about adaptation and habitats.  The 

students involved in the three-week study read a novel about adaptation and habitats, 

researched those topics on the internet, collaborated to write stories and poems about 

the content topics, and performed inquiry-based experiments concerning selected 

objectives of the content.  Bradbury et al. (2013) concluded that the integrated arts and 

inquiry-based science curriculum was highly beneficial to because it improved student 

content knowledge and increased the interest and engagement of the students.  

Bradbury et al. (2013) stated, “An integrated approach provides educators an 
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opportunity to generate excitement in students’ learning and to meet multiple goals 

and curricular objectives in the process” (p. 143-144). 

The previously referenced studies by Brooks & Nahmias ( 2009), Fels (1999), 

and Torke et al. (2004) not only indicated student communication skills benefitted by 

the integration of arts into science curriculum, but also resulted in the students 

showing great gains in understanding of content knowledge.  In addition, the research 

findings that indicated student interest and engagement improved with the integration 

of the arts (Cawthon et al., 2011; Fels & Meyer, 1997; Noblit et al., 2009) and students 

also showed an increase in depth of content knowledge.  When art is included in the 

science curriculum, the students gain greater knowledge about the content. 

Storytelling in Science 

In this research study, the specific type of art that was incorporated in to the 

inquiry curriculum was storytelling.  Instead of giving a lecture about how enzymes 

and substrates work, I chose to write a fictional story about the enzymes and substrates 

and tell it to the students.   The students were also required to tell stories as a part of 

their lab reports, instead of expressing scientific knowledge on a graph, the students 

were required to tell an original story about their data.  This allowed the students to 

take scientific content knowledge and create a personally meaningful expression of the 

content knowledge that made sense specifically to them.  The art of storytelling is 

connected with helping students to understand to complicated content information 

(McElroy, 2007), communicating complicated science information to others 
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(Herschbach, 1996; Martin and Brouwer, 1991), and increasing student engagement 

(Knox and Croft, 1997; Kokkotas, Rizaki, & Malamitsa, 2010). The laboratory 

exercise topic was enzymes, which involves a molecule’s relationship with other 

molecules.  In my own experience, anytime relationships between molecules are 

involved, students can understand a story better than purely scientific terms and 

vocabulary.  Storytelling was chosen as the art to be incorporated in this lab because it 

was the best fit for communicating relationships between molecules and because of 

the literature indicating its positive influence on the student’s content, communication, 

and engagement/interest. 

Storytelling in the science classroom has been encouraged by respected 

scientists such as astrophysicist Neil deGrasse Tyson, theoretical physicist Brian 

Greene, and chemist Dudley Herschbach. Brian Greene’s book The Elegant Universe 

(1999) was a finalist for the Pulitzer Prize in nonfiction.  The book is a description of 

some of the most difficult physical concepts and theories about the universe, which are 

presented in clear, concise and story-like form.  The book is not just about vocabulary, 

factoids, or scientific statistics.  The book is a compilation of stories about how the 

physics of the universe were discovered, who discovered them, why the theories were 

formed, and what the current ideas are about theoretical physics.  Dudley Herschbach, 

who won the 1986 Nobel Prize in Chemistry, has called for liberal arts and sciences to 

include stories, which he calls, parables in science lecture based classes.  Herschbach 

(1996) stated, “By presenting science in a more humanistic mode, these parables can 
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disarm fears, reveal a much broader context for nominally familiar concepts, and even 

induce students to relate the tales to others” (p. 15).  Using storytelling to 

communicate science concepts helps students better understand the content, but also 

encourages them to feel comfortable enough with their knowledge of the material to 

relate it to others by retelling or creating their own stories.  Having a student 

confidently and spontaneously sharing complex scientific knowledge would be a novel 

occurrence in my own science laboratory and in most biology laboratories nationwide. 

Storytelling involves oral presentation, not just of facts, but interesting 

information based on environmental and experience of the storyteller (McElroy, 

2007).  Storytelling in a science classroom takes the abstract facts of the concepts 

being study and weaves an interesting web of relationships and concrete pictures for 

the student to understand.  McElroy (2007) stated, “Storytelling does not present 

straight forward factual information, but rather information within a cultural and 

experiential context” (p. 131).  For example, the difficult concept of the electron 

transport system in cellular respiration can be told as a story about the journey of a 

group of electrons as they travel through various proteins in order to help with the 

creation of ATP.  Martin and Brouwer (1991) suggested that the use of narrative and 

storytelling is appropriate and effective in the science classroom.  They stated, 

The story can at times communicate in a few words that which a dense, 

technical analysis might require many lines to accomplish.  There are some 

things that perhaps only a story can communicate, especially when one enters 

the realm of ineffable knowledge or tacitly held understandings. (Martin & 

Brouwer, 1991, p. 708) 
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Knox and Croft (1997) utilized storytelling as pedagogy in an atmospheric 

science laboratory at the University of Wisconsin.  The undergraduate junior level 

class consisted of 22 students who had difficulty understanding the textbook on 

atmospheric science.  To supplement the poorly written textbook, and to help students 

understand the very difficult science content of the course, Knox chose to 

communicate the content in stories.  In addition to the instructor relating the content in 

stories, the students were required to write their own “mini-stories” (Knox & Craft, 

1997, p. 902) to express their own knowledge of mathematical derivations relating to 

atmospheric science. For example, the students wrote stories about the process of 

going through the mathematical derivations to keep themselves focused on the big 

picture as they complete complicated mathematical calculations.  This story writing 

process for the students helped them understand the big picture of atmospheric science 

as being dependent on the mathematical derivations, as opposed to becoming so 

caught up in the details of the derivatives, that the purpose and meaning behind the 

math was forgotten.  Knox and Craft (1997) concluded that the use of storytelling in 

this classroom helped students to contextually relate information, make a connection 

between the content and culture, follow appropriate research protocol in 

meteorological research, connect mathematical processes to weather in real life, and 

help keep students engaged and interested in the difficult and abstract science content.  

Knox and Craft (1997) stated, “the results of the storytelling experiment, from the 

view of the students who participated, were uniformly positive” (p. 903). 
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Kokkotas et al. (2010) used storytelling and inquiry to teach the concepts of 

electricity and magnetism to five classes of sixth grade students.  They used a story to 

inspire the students to recreate a historical experiment about electricity.  As the 

students recreated the electricity experiment based on the story, they began to 

construct content knowledge about electricity and magnetism.  This mixed methods 

study indicated that the storytelling and the inquiry, when used together, provided the 

students with a learning environment that allowed the students to score well on 

concept based testing and oral discussion questions.  The researchers stated, 

“Storytelling provides an organizing structure for related knowledge and experience in 

science classrooms that is not only attractive and effective, but also self-sustaining 

because it can motivate and facilitate the effective teaching and learning of science 

concepts” (Kokkotas et al., 2010, p. 400). 

A review of the literature about storytelling and inquiry clearly indicated 

storytelling in the science classroom builds student content knowledge, increased 

student engagement and interest and promotes quality methods of communication.  In 

the words of Fels (1999),  

When we journey into science through drama and storytelling, we begin to 

understand that science is realized through a creative and critical exploration of 

perceived and imagined phenomena, a vibrant search for underlinings, inter-

connectedness, inter-relations, interpossibilities of action and interaction (p. 

108). 
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Science is much more than empirical factoid. Art, and more specifically, storytelling, 

gives the students a limitless pallet to express their scientific knowledge and discover 

new scientific theories. 
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CHAPTER III 

METHODOLOGY AND ANALYSIS 

Introduction 

According to Denzin & Lincoln (2011), “Qualitative researchers stress the 

socially constructed nature of reality, the intimate relationship between the researcher 

and what is studied, and the situational constraints that shape inquiry” (p. 8).  This 

research study was ideally suited for a qualitative methodology because the 

participants were students of science in an educational setting. The idea of “socially 

constructed nature of reality” (Denzin & Lincoln, 2001, p.8) was enacted by students 

constructing knowledge in a classroom.  The idea of “intimate relationship between 

the researcher and what is studied” (Denzin & Lincoln, 2001, p. 8) also fits with the 

naturalistic situation where the researcher and instructor are the same individual, and 

the topic of the research is the same individual’s instructional methods.  In regards to 

the idea of “situational constraints that shape inquiry” (Denzin & Lincoln, 2001, p.8), 

the research occurs in the natural setting of a science classroom, where the 

environment drives the research design and data analysis.  

The purpose of this research was twofold, to give science instructors a more 

effective method to teach science and to simultaneously construct science curriculum 

theory.  The improvement of classroom instruction is best accomplished by a self-

study research approach (Bogdan & Biklen, 1998; Mills, 2014; Samaras, 2011). The 

development of theory is best suited by a grounded theory approach (Glaser and 

Strauss, 1967; Strauss & Corbin, 1994; Erlandson, Harris, Skipper, & Allen, 1993).  
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The combined purpose of this research study requires a clearly defined theoretical 

background for the self-study grounded theory duality.  Strauss and Corbin (1994) 

stated that grounded theory methodology explicitly involved, “generating theory and 

doing social research as two parts of the same process” (p. 273), this indicates a good 

fit between a self-study and a grounded theory methodology.  

Research design should arise from the purpose of the study (Strauss & Corbin, 

1994). This study has a dual purpose, to develop curriculum theory and promote better 

instructional methods for science teachers.  The dual purpose of the research lends 

itself to a grounded theory methodology (Bogdan & Biklen, 1998; Charmaz, 2006; 

Glaser and Strauss, 1967; Strauss and Corbin, 1994,).  Charmaz (2006) stated, “By 

adopting grounded theory methods you can direct, manage, and streamline your data 

collection and moreover construct an original analysis of your data” (p. 2). 

Methodological Framework 

Based upon the literature, the experience of the researcher, and the 

convenience of a teacher self-study, a qualitative paradigm was utilized in the research 

design and analysis.  Naturalistic inquiry was the primary method of research design, 

data and analysis, and theory development in this research study.  

Qualitative methods  

Researching the fusion of art and science in a classroom lends itself to a 

qualitative method (Eisner, 1991; Stokrocki, 1991) due to the rich naturalistic and 

historical connection between art and science.  Quantitative research methods would 
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not be able to address the depth of the research questions accurately since quantitative 

methods are confined to a very narrow and specific set of parameters.  One of the 

goals of this study was to create curriculum theory and quantitative research is not 

favorable for that particular goal. The development of curriculum theory can be 

accomplished only with an exhaustive analysis of data according to qualitative 

methods.  The statistics and empiricism generated from a preset quantifiable source 

would not be helpful in development of science curriculum theory or development of 

inquiry and art-based instructional models. Eisner, an innovative educational 

researcher, (2005) wrote about the integration of science and art as a qualitative form 

of thinking, where students are embracing their perceptions, imagining relationships, 

and expressing their thoughts creatively.  Since the researcher was implementing an 

arts-based science curriculum, qualitative research methods were best suited for the 

study of qualitative student work.  

Qualitative research was determined to be the best fit for this study because of 

its naturalistic setting, the instructor as a participant observer, and the open-ended 

research questions (Denzin, 2001; Erlandson et al., 1993; Lincoln & Guba, 1985).  

Qualitative research design requires open research questions (Erlandson et al., 1993).  

This study was framed by three open-ended research questions, the first being “How 

does an inquiry and arts based (IAB) biology laboratory curriculum influence students 

comprehension of content knowledge when compared to an inquiry based (IB) 

laboratory curriculum?”  This type of question is best answered by research that can 
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reach beyond statistics and grades to investigate how the students comprehend the 

content knowledge. Therefore, qualitative methodology was better suited for a 

question such as this.  This study investigated how an inquiry and arts based 

laboratory exercise influences student content knowledge, communication skills, and 

engagement/interest when compared with a purely inquiry-based laboratory exercise.  

Rossman and Rallis (2011) suggested that when researching new types of instructional 

methods, a qualitative design is appropriate. The IAB curriculum model is a new type 

of instructional method and again, this fits with a qualitative approach.  

Additionally, the dual role of the teacher as the researcher and the naturalistic 

environment in which the study was performed fit well with a qualitative methodology 

(Erlandson et al., 1993).  Denzin (2001) spoke of the qualitative researcher as 

“historically and locally situated within the very processes being studied” (p. 325).  

There was a direct relevance of time and place to the data analysis.  The student 

development of knowledge in the place of the undergraduate biology laboratory and at 

the time of their preparation for future science academic achievement was relevant to 

the research. Strauss and Corbin (1994) stated, “knowledge is, after all, linked closely 

with time and place” (p. 276).  The data for this study was interwoven with the time 

and place that it was collected.  

Self-Study 

The researcher is an instructor in an undergraduate biology laboratory, a prime 

environment for “personal situated inquiry” (Samaras, 2011, p. 10).  Samaras (2011) 
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stated that the foundation of research design should be based on the teacher’s desire to 

improve his/her skills in order to help students learn.  My research questions were 

inspired by my own personal challenge to improve my teaching abilities.  Samaras’ 

(2011) “transparent and systematic research process” (p. 10) has been reflected in the 

effort of the researcher to create and design a study that can be replicated in a similar 

setting by other science teachers.  Thick and detailed description of the curriculum and 

the activities have been utilized to insure that another teacher could implement a 

similar data collection within his/her own classroom and obtain similar results.  

Samaras (2011) also recommended that the results of the research be used to benefit 

others through presentation (p. 10).  This research will be submitted for publication 

and presentations in order to benefit science teachers throughout all levels of science 

education. Finally, the collaborative effort of myself, as the researcher to involve 

“critical friends” (Samaras, 2011, p. 5) is indicated in the research design and data 

analysis.  Words of advice given by critical friends, faculty advisors, and peer 

reviewers were also taken into consideration throughout the course of the research. 

According to Mills (2014), action research is defined as “any systematic 

inquiry conducted by teacher researchers” with the purpose of the research to improve 

the educational methods and environment to improve the lives of the students.  This 

definition fit well with the goal of this study, which was to determine an instructional 

strategy that maximized student achievement and influenced their potential success in 

their future career and as a citizen in the local and global community. 
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This study clearly connected to the characteristic of improved learning noted 

by Samaras (2011).  Samaras’ (2010) “transparent and systematic research process” 

(p. 10) has been reflected in my effort to create and design a study that can be repeated 

by other science teachers in a similar setting.  Findings from this research study will 

be submitted for publication and conference presentations to benefit science teachers 

in all age groups across the globe, which correlates with Samaras’ (2011) 

recommendation of “knowledge generation and presentation” (p. 10) as a product of 

the research.  Finally, the collaborative effort of the researcher to involve “critical 

friends” (Samaras, 2011, p. 5) has been interwoven into the research design and data 

analysis.  

Grounded Theory Methodology 

 

Grounded theory methodology is specifically used for the development of 

theory (Glaser and Strauss, 1967).  One of the goals of this research study was to 

construct science curriculum theory.  According to Strauss and Corbin (1994), 

“Theory consists of plausible relationships proposed among concepts and sets of 

concepts” (p. 278).  The concepts and categories that emerged in this study framed a 

theory about the connections between art, inquiry, and science curriculum.  Charmaz 

(2006) stated, “Grounded theory methods consist of systematic, yet flexible guidelines 

for collecting and analyzing qualitative data to construct theories ‘grounded’ in the 

data themselves” (p. 2).  The framing questions, the methods of data collection, and 
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the methods of data analysis were conducted with the idea of theory development 

framing the entire procedure. 

The strategies for data analysis recommended by Samaras (2011) for a self-

study correspond with much of the grounded theory methodology. Bogdan and Biklen 

(1998) have called for the use of qualitative research methods as a part of self-study or 

practitioner research. They stated, 

Our belief in the usefulness of the qualitative perspective to practitioners is 

related to seeing all people as having the potential to change themselves and 

their immediate environment, as well as becoming agents of change in 

organizations in which they work. (p. 234) 

The combination of self-study research design and a grounded theory methodology in 

this study created a prime platform for the development of curriculum theory to inspire 

and facilitate change in the development of science curriculum. 

The design of this research study was framed in three research questions that 

narrow and focus the areas of comparison between the inquiry-based curriculum and 

the inquiry and arts based curriculum.  The “constant comparative method” was used 

in the data analysis according to Glaser and Strauss (1967) and Strauss & Corbin 

(1994).  This design takes multiple sources of data and constantly examines and 

compares the emergent themes between sources of data to triangulate ideas and 

ultimately result in theory grounded in the data.  The design of the study, the gathering 

and choices of data, the coding and organization of data, the data analysis, and the 

development of emergent themes and theory correlated with the grounded theory 

methodology and constant comparative method outlined by Glaser and Strauss (1967) 
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in their book, The Discovery of Grounded Theory. 

 In order to manage the personal bias within the design of the study, I had the 

laboratory lessons that I design evaluated by my supervisor, who holds a PhD in 

biology.  He evaluated both the inquiry-based lesson and inquiry and arts based lesson, 

provided feedback, and made suggestions.  In addition, through the design, 

implementation, and data analysis a critical friend was used as a sounding board for 

ideas and methods throughout the project. 

Personal Assumptions 

In my dual role of both researcher and instructor of the majors biology 

laboratory, I was provided an excellent opportunity for applying research into practice 

and had an ideal environment for undertaking a naturalistic self-study (Erlandson et 

al., 1993; Mills, 2011; Samaras, 2010).  Ellis (2004) and Sprague (2005) state the 

importance of recognizing the researcher as a lens through which data is interpreted.  

A brief history of my experience with science curriculum may be helpful to others in 

understanding how my background influenced the development of the study and the 

interpretation of the data. 

I have been employed for three years at the institution that provides the setting 

for where this study took place. During the past two years I have engaged in informal 

research in my classes. In my first year of employment as a lab instructor, the majors 

biology lab curriculum consisted of traditional “cook book” laboratory experiments 

where the students followed prescriptive laboratory instructions and arrived at a 
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predetermined outcome.  It quickly became obvious to me that the students were 

disengaged, bored, and uninterested in the course content and lab activities.  Evidence 

of this negative student attitude was an apathetic demeanor from the students and 

statements such as, “What kind of answer do you want for this question?”, “Why are 

we doing this?”, and “This has nothing to do with being a physical therapist.”  The 

frowns or blank expressions on the students’ faces were indicative of their frustration 

and boredom. The students were completely uninterested in trying to understand the 

content and could not connect the biology information to future academic goals.  

Students would simply write the answers in the book in a hurried manner in order to 

get out of the laboratory setting as fast as possible.  The students also indicated a lack 

of understanding about the biology content because there was a void of intelligent 

discussion and poor grades on lab work and cumulative tests.  I used these informal 

observations as an inspiration for changes in the lab setting. 

In the second year of my employment, I implemented an inquiry based 

curriculum called, 40 Inquiry Exercises for The Biology Laboratory (Johnson, 2009).  

I observed the attitudes and reactions of the students to the inquiry based curriculum.  

The students would smile and discuss the content during the labs.  I would hear some 

intelligent discussions about the lab.  I required the students to write weekly narrative 

journals in order to acquire information as to how they felt about the inquiry based 

curriculum.  The student journal entries indicated that the students enjoyed the inquiry 

based work and felt they learned better from the more challenging work.  The 
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professor in charge of the lecture portion of the class mentioned to me that, for the first 

time in her many years of teaching the biology class, she had heard no complaints 

from the students about lab. However, the students still had difficulty relating science 

content knowledge to real life and their future academic goals.  Students still struggled 

with understanding and interpreting results from their inquiry based experiments.  I 

was in graduate school at the time and consistently reading research about best 

practice in teaching.  I began to view inquiry with more of a critical eye as my own lab 

sections struggled with a purely inquiry based curriculum. 

My experiences with inquiry activities during the second year of instructing the 

biology laboratory inspired me to further refine the science laboratory curriculum.  

Although the inquiry labs were an improvement on the “cook-book” experiments, 

students still struggled in developing an understanding of abstract science concepts.  

Furthermore, the inquiry based curriculum did not connect the science concepts with 

real-life situations.  These issues frustrated me, because I was familiar with research 

that indicated that inquiry was considered best practice in science teaching (AAAS, 

1989; HHMI, 1996; NAS, 2003; NRC, 1996; Quinn, 2012).  During that same year, I 

enrolled in a graduate education course about using the art of storytelling as a method 

of instruction.  That graduate class inspired the idea of integrating art in to the science 

curriculum to supplement inquiry.  A review of related literature indicated that arts 

based teaching methods were effective in helping students connect personally with the 

content knowledge and better understand difficult concepts (Davis, 1999; Fels & 
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Meyer, 1997; Freedman, 2000; Greene, 2000; Noblit, Corbett, Wilson, & McKinney, 

2009).  In addition, findings from these studies indicated arts based instructional 

methods could also connect the content knowledge to real life situations (Davis, 1999; 

Freedman, 2000; Greene, 2000).  I wanted to integrate arts based methods into the 

biology laboratory curriculum in an attempt to fill some of the gaps I had noticed in 

the inquiry based approach. 

This research study is a culmination of my continuing attempts to create a 

more effective instructional practice in science by incorporating art into inquiry.  My 

personal bias towards inquiry and arts based curriculum stems from my previous 

research experiences within the laboratory course. My bias has also been impacted by 

my familiarity with the literature concerning the benefits of incorporating arts into 

education and specifically science education settings. 

Research Site 

 The research site for this study was a small liberal arts university in the 

southwestern United States.  The university offered a biology class for science majors 

that included a laboratory requirement. The laboratory grade was twenty-five percent 

of the majors biology class total and final grade. The majors biology class was 

traditionally lecture based. The purpose of the laboratory requirement was to provide 

students an active learning opportunity to experience the same content discussed in the 

lecture. The majors biology laboratory met three hours per week. The research study 

was conducted over a period of one fall semester.  
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Participants 

 The participants were enrolled in the laboratory requirement for the majors 

biology course. In the fall semester, there were four lab sections of students. One lab 

section was randomly assigned to complete the IAB lab activities, while the remaining 

three lab sections participated in the normal IB lab activities.  After the completion of 

the semester, one of the three IB sections were chosen to be the data source for 

comparison to the IAB section due to similarities in number of students.  There were 

25 total students (8 males, 17 females) in the lab section that participated in the 

inquiry and arts based (IAB) lab exercise.  Of the 25 total students, 17 were freshmen 

level students, six were sophomores, one was a junior, and one was a senior.  There 

were 26 total students (9 males, 17 females) in the lab section that participated in the 

inquiry based curriculum (IB) lab exercise.  Of the 26 total students, 14 were freshmen 

level students, five were sophomore level, seven were junior level, and none were 

senior level.  The student’s majors in both of the lab sections were primarily pre-

medicine, biology, pre-physical therapy, natural resource conservation, pre-vet, pre-

pharmacy, or pre-dental.  The inclusion of these students was purposeful due to their 

enrollment in the majors biology laboratory course, the instructor’s ease of access, 

prolonged engagement over a period of a semester, and weekly persistent observation 

by the researcher (Lincoln & Guba, 1985; Spradley, 1980).  In addition to the 

similarity in numbers of students, the two lab sections were, from my perception as the 

lab instructor, similar in science background.  The data for the research was 

considered extant data, since the research analysis occurred after the semester ended.  
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However, the researcher obtained approval for gathering and using extant data from 

the IRB board at the research site to ensure ethical research practices (Appendix A). 

 In order to fulfill requirements of trustworthiness (Guba, 1981), the selection of 

the research site and participants was purposeful.  The site and research participants 

were not only convenient to the researcher because the researcher was also the 

instructor in the majors biology laboratory, but also gave the researcher a wide 

variation of sampling, so that a large quantity of student artifacts could be collected.  

The naturalistic paradigm of the research demands a natural setting for the research 

(Erlandson et al., 1993), therefore a science laboratory was an ideal place to study 

instructional methods for a science laboratory curriculum. 

Audit Trail codes 

I developed codes to reference to my data.  In order to ensure transparency and 

credibility of the qualitative research design, Table 1 explains the codes and their 

corresponding audit trail references. 
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Table 1- Audit Trail Codes 

Code Audit Trail Reference 

IAB Inquiry and Arts Based Unit 

IB Inquiry-based unit 

EN1 Enzymes, 1
st
 week 

EN2 Enzymes, 2
nd

 week 

PR Pre-test 

PO Post-test 

LE Lab Exercise 

J Journal 

B Lab Section B- IAB lab 

C Lab Section C- IB lab 

OB Observation 

RJ Researcher’s Journal 

Numerical codes Individual Student or Group identifier 

Dates Dates of entries in RJ or OB 

CM Input from committee member 

 

The data analysis included codes for all of the raw data in order to be transparent 

according to trustworthiness criteria outlined by Lincoln and Guba (1985).  An 

example code would “IAB.EN1.LE.B.24.1”, which indicates that the data came from 

the inquiry and arts based lab section (IAB), the first week of the enzyme unit (EN1), 

the lab exercise portion (LE), the lab section B (B), the student identified as number 

twenty-four (24), and question one of the lab exercise (1). 

Data Collection 

 Mills (2014) detailed the method of data collection for a self-study as 

“Experiencing, Enquiring, and Examining” (p. 99).  My observations and field notes 

documented my experience during the study.  I examined the data generated from the 

class activities such as pre-tests and post-tests, lab exercises, and journals.  I enquired 
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of the students by asking questions about their ideas through their reflective journals.  

This method of data collection connects to the idea of triangulation of data, which 

involves utilizing multiple sources of data in order to maintain credibility and 

confirmability (Guba, 1981).  In addition, the steps of the constant comparative 

method outlined by Glaser and Strauss (1967), Glaser (1978) and Bogdan and Biklen 

(1998) were used as guidelines to ensure that the constant comparative method was 

utilized appropriately.  Glaser and Strauss stated (1967),  

Joint collection, coding, and analysis of data is the underlying operation.  The 

generation of theory, coupled with the notion of theory as process, requires that 

all three operations be done together as much as possible.  They should blur 

and intertwine continually, from the beginning of an investigation to its end. 

(p. 43) 

From my observations and experiences in the lab and grading of the student’s work, 

ideas began to emerge from the data.  I recorded and documented these ideas in my 

researcher’s journal. 

 After the semester was over, I began the formal data analysis process. I 

continued to write down ideas emerging from the data analysis, comparing them to 

previously documented ideas and generating new ideas.  This cyclic process of 

documenting emergent themes was recorded in my researcher’s journal in order to 

ensure trustworthiness (Guba, 1981). 

Data sources 

The data sources used for this research were student artifacts, my participant 

observation notes, my reflective research journal, and critical friend memos.  Each of 
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these data sources was used to establish credibility for a qualitative grounded theory 

self study (Denzin & Lincoln, 2011; Erlandson et al., 1993; Glaser & Strauss, 1967; 

Lincoln & Guba, 1985; Mills, 2011; Samaras, 2010).  

Student Work 

There were eight different student created artifacts. The first week of the 

enzyme lab there was a (1) pre-test, (2) laboratory exercise, (3) post-test, and (4) 

journal entry. From the second week the data collected included a (5) pre-test, (6) 

laboratory report/presentation, (7) post-test, and (8) journal entry.  These artifacts were 

examined within the framework of the research questions to specifically determine the 

students’ comprehension of the content of the laboratory concepts, the ability of the 

student to effectively communicate science information, and the level of 

engagement/interest of the student.  Emergent themes arising from the data analysis of 

the student artifacts were documented in the researcher’s reflective journal. 

Researcher Observations 

 In my role as lab instructor, I observed students in the laboratory environment 

and documented my observations in field notes written during the lab. I noted the 

attitudes and interest level of the students, the dialogue about the content and overall 

atmosphere during the laboratory exercise, as well as the overall communication skills 

of the students. Since I assumed a dual role of instructor and researcher, my 

observations reflect the prolonged engagement and rapport with the students. As I 

made my observations, I kept the framing questions of this study in mind as Spradley 
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suggested (1980).  I used Spradley’s “nine major dimensions of social situations” 

(1980, p. 78) to guide my field notes while observing my students.  I recorded the time 

and place, student behaviors and activities, how the students were meeting goals of the 

lab unit, and my own feelings and perceptions of the lab environment.  In addition to 

this, I also recorded how the student behaviors connected to the three areas of focus: 

content knowledge, communication skills, and levels of student engagement/interest. 

Researcher’s reflective journal 

Throughout the implementation of the two week laboratory exercise and the 

data analysis, I documented ideas stemming from my experiences, ideas, success, and 

struggles as I examined the data from the study. This information recorded the 

evolution of the ideas behind the conclusions I made from the data.  A reflective 

journal is a key for tracking the emergent themes within the data and maintaining 

credibility (Denzin & Lincoln, 2011). 

Critical friend memos 

 Samaras (2011) indicated that while doing a self-study, another person’s 

viewpoint is extremely important. This person is called a critical friend.  Within this 

study there was a need of a critical friend because of my close connection to the data.  

My critical friend has been a fellow educator with a Ph.D. in education and experience 

with qualitative research methods.  This critical friend examined the data analysis 

documents and emergent themes.  Her role was to review, check for quality, and 

present questions and other ideas during the data analysis process.  Memos and 
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communication to and from a critical friend were utilized as a data source in order to 

maintain credibility. 

Trustworthiness 

 Evidence of credibility, transferability, dependability, and confirmability are 

the standards by which a qualitative and naturalistic research study can be considered 

trustworthy (Guba, 1981; Lincoln & Guba, 1985).  Credibility was ensured by the 

prolonged engagement between myself, as the instructor and researcher, and the 

students; persistent observation about the actions of the students in the classroom 

throughout the data collection period; the use of a critical friend as a peer debriefer, 

and triangulation between the emergent themes evident in the observations, the student 

artifacts, and the researcher’s journal.   

Transferability was addressed through the thick descriptive accounts of the 

way the instructional method was implemented in the classroom; the situational 

context of the instructional method; the description of the constraints on the 

implementation of the instructional method and the purposive sampling of the 

participants enrolled in the biology laboratory. 

Dependability was ensured by the audit trail, which detailed exactly where in 

the data collection/analysis process the various themes arose; how the various themes 

were treated; and how they evolved into theory through the context of the researcher’s 

journal.  Confirmability was accomplished by disclosing my own bias throughout the 

research, and again by my attention to the maintaining a detailed audit trail.  
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The peer collaboration recorded in the memos between me as the researcher 

and my critical friend helped identify bias and contributed to the validity and 

consistency of the coding and the credibility of the conclusions from the data.  One of 

the goals of this research has been to inspire other science teachers to be able to repeat 

similar research in their own classroom. The transparency and thick descriptive 

accounts of the implementation of the IAB instructional method were meant to 

provide a framework for other science teachers to implement their own inquiry and 

arts based research.  

Summary of Methodology 

This research was designed as a qualitative grounded theory self study.  An 

inquiry and arts based (IAB) laboratory exercise and an inquiry based laboratory (IB) 

exercise were implemented in different sections of an undergraduate majors biology 

laboratory.  Student work, the researcher’s observations and reflective journal entries, 

and critical friend memos were collected as sources of data.  This data was analyzed 

for emergent themes using grounded theory’s constant comparative method (Bogdan 

& Biklen, 1998; Erlandson et al., 1993; Glaser and Strauss, 1967). 

Data Analysis 

Strauss and Corbin (1994) defined grounded theory as a “general methodology 

for developing theory that is grounded in data systematically gathered and analyzed” 

(p. 273).  As data is gathered and examined, themes and categories emerge, and with 

further analysis, theory evolves.  The methodology driving the research is a cyclic 
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method of thinking, collecting and analyzing data, and rethinking.  According to 

Strauss and Corbin (1994), “In this methodology, theory may be generated initially 

from the data or if existing (grounded) theories seem appropriate to the area of 

investigation, then these may be elaborated and modified as incoming data are 

meticulously played against them” (p. 273).  From my own experience, and review of 

the literature, I had an idea that art and inquiry were interconnected, and that I wanted 

to investigate further the specifics of their relationship.  My ideas about the 

interrelationships between science curriculum and art and inquiry have led me to 

believe that a curriculum theory would evolve from this research. 

I designed this study to investigate how adding art to an inquiry based 

curriculum influenced the way students understood the content, the communication 

skills of the students, and the way student’s were engaged/interested in the science 

content.  I used three framing questions to guide and focus my data analysis and 

utilized the constant comparative method outlined by Bogden and Biklen, (1998), 

Corbin and Strauss (1994), and Glaser and Strauss (1967) while analyzing data.  

Glaser and Strauss (1967) stated, “the constant comparative method is concerned with 

generating and plausibly suggesting many categories, properties, and hypothesis about 

general problems” (p. 104).  The constant comparative method allowed me to reduce a 

multitude of data sources into fragments. These fragments were then sorted into three 

different topical focus areas based on the framing questions for the study of content, 
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communication, and student engagement. I then focused on finding themes within 

each of the topical focus areas. 

The constant comparative method was used to find themes from the student 

work, researcher observations, and the researcher’s reflective journal (Glaser & 

Strauss, 1967).  These themes were documented in the researcher’s reflective journal 

and again compared with the research questions.  In addition, as the data was gathered 

and examined, I also searched current literature to find evidence of similar ideas and 

studies to compare my own categories and emergent themes.  Guidelines for 

qualitative research as outlined by Lincoln & Guba (1985), Spradley (1980), 

Erlandson et al., (1993) and Rallis and Rossman (2011) were used in the data analysis.  

Modified open coding was used to determine categories in the data according to the 

methods of Glaser and Strauss (1967) and Strauss and Corbin (1994).  For example, 

within my observation field notes of each lab section, I highlighted each word or 

phrase that was connected to the idea of content knowledge with a specific color 

highlighter. Using a different colored highlighter, I then went back through the 

observation field notes and highlight all the words or phrases that connected to the 

idea of communication. On the third reading, I highlighted with yet another color, all 

of the words or phrases that connected with the idea of student engagement/interest.  

Some words or phrases were highlighted with more than one color because they 

connected with multiple topical focus areas.  After I completed the coding I wrote a 

reflection in the researcher’s journal about what ideas emerged from the analysis of 
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the observation and how I felt the themes connected to previous analysis and 

literature. 

Overview of Data Analysis 

 The student artifacts, researcher’s observations, and the researcher’s journal 

were sources for the data analysis.  There were eight student artifacts (two each of pre- 

and post-tests, two laboratory exercises, two journals). Each data source was analyzed 

for emergent themes. Some artifacts were not applicable or appropriate to include in 

the findings, however they have been included in the data analysis for the sake of 

transparency in sampling decisions (Huberman & Miles, 1994). 

The analysis of data began with “generating and plausibly suggesting many 

categories, properties and hypotheses about general problems” (Glaser and Strauss, 

1967, p. 104).  In this research study, the “general problems” (Glaser and Strauss, 

1967) were the weakness and gaps in inquiry-based curriculum.  The parts of the 

inquiry-based curriculum that I chose to be the focus of this study were content 

knowledge, communication skills, and student engagement/interest.  These topical 

focus areas helped me design and write the framing questions of the study.  These 

three ideas were forefront in my mind as I began the design of the research, and 

continued throughout the data collection and the analysis phases.  As I examined the 

data I strove to follow the four-step constant comparative method proposed by Glaser 

and Strauss (1967, p. 105) of “(1) comparing incidents applicable to each category, (2) 

integrating categories and their properties, (3) delimiting the theory, and (4) writing 
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the theory.”  After the data was collected and I organized and prepared it for analysis, 

I examined the data for emergent themes that I could organize into the three topical 

focus areas of the research by “comparing incidents applicable to each category” 

(Glaser & Strauss, 1967, p. 105).   I compared the emergent themes in my data to these 

categories.  As the data analysis began, I reduced and concentrated the emergent 

themes so that I could look at them in holistic manner to determine relationships 

between the themes.  This activity corresponded to the third step of Glaser and 

Strauss’s (1967) constant comparative method of “integrating categories and their 

properties” (p. 105).  As the themes were organized, a theory began to appear about 

the connectedness of the themes.  Glaser and Strauss call this step in the constant 

comparative method, “delimiting the theory” (p. 105).  The product of the research 

will be “writing of the theory”, the final part of the constant comparative method 

(Glaser and Strauss, 1967, p.105). 

The actual analysis of the raw data began with the entry of the student artifacts 

into an Excel document in order to be able to fragment and compare large amounts of 

student responses in many different ways.  However, as the data was entered into 

Excel I also added the original audit trail reference, so that every sentence could be 

traced back to a specific student entry, date and lab section.  After the data was entered 

into Excel documents, I examined it in a variety of ways.  For example, with the 

student pre-tests, I chose to look at all of the student pre-tests from the first week of 

the IAB laboratory as a whole unit.  I compared the frequency of specific vocabulary 
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words like “catalyst”, “specificity” or “denature” in the IAB and in the IB lab.  I 

recorded in my researcher’s journal how I felt that the frequency of vocabulary did not 

indicate any specific themes or ideas (RJ 12-12-13).   I then began to note the context 

in which the vocabulary words were used.  I asked questions such as, “did the student 

use the vocabulary word in the appropriate context?”  or “what indicates the student is 

already familiar with the concept of enzymes?” I compared the comments made on all 

of the pre-tests in the IAB to those of the IB labs.  Sometimes I recorded in my journal 

my frustration at the lack of emergent themes (RJ 12-12-13).  Lastly, I examined each 

student’s first pre-test, first post-test, second pre-test and second post-test as a unit.  

This allowed me to understand the conceptual development of the student throughout 

the 2 weeks unit.  As I looked at the students’ holistic performance on the tests, ideas 

for coding began to emerge.  For example, there was a group of students that definitely 

came into the lab with misconceptions, but were able to resolve them throughout the 

course of the lab. In contrast, another group that came into the lab with a textbook 

answer of what an enzyme was, and then throughout the course of the lab, developed a 

misconception.  The way the students responded on the pre -and post-tests was easily 

identifiable and coded into five specific themes.  A sample of this type of coding has 

been included in Appendix B. 

Analysis of Student Artifacts 

The number of student responses on any particular written data source was 

quite varied.  In a majors biology college laboratory, I never know exactly how many 
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students will attend each lab session. Some students will be absent due to a sports 

event or illness. In addition, some of the students in attendance did not turn in required 

work.  In order to provide a more accurate perspective in my comparison of the IAB 

and IB lab sections, I chose to use percentages of student responses to describe how 

the class as a whole responded to the instruction.  Although this was a qualitative 

study, percentages have been useful descriptive statistics for identifying trends and 

often have provided a more holistic viewpoint of trends in the class as opposed to 

narrowly viewing single student work.  Maxwell (2010) stated, “the use of numbers is 

a legitimate and valuable strategy for qualitative researchers when it is used as a 

complement to an overall process orientation to the research” (p. 480).  The 

calculation of the percentages was simplistic. For example if ten out of twenty student 

responses answered a pre-test question appropriately, then 50% of the responses were 

appropriate for that question.  Due to the variety of the number of responses on the 

student artifacts, simple percentages made comparisons of the IAB and IB 

instructional methods more meaningful.  However, it is important to note whether or 

not students participated in both weeks of the lab exercise.  If a student participated in 

one lab section and not the other, I only counted their responses for the week of lab 

they were present. However, if a student was present in the IAB lab for the 1
st
 week 

and the IB lab for the second week, then his or her responses from the first week were 

counted for the IAB lab, but not for the IB lab in the second week because I believed 
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this situation would cause the percentages to misrepresent information for the second 

week of IB.   

Analysis of Week 1 Pre-test and Post-test 

The pre-test for week one included three questions. The student responses to the 

first two questions were typed into an Excel document, so that I could easily evaluate 

all of the student responses together.  The third question on the pre-test was omitted in 

the analysis because it addressed content (types of enzyme inhibition) that I later 

realized was not addressed equally in both the IB and IAB lab setting.  

The questions on the pre-test and post-test for weeks one and two were, (1) How 

does an enzyme work?  and (2) How do temperature, pH, and substrate and enzyme 

concentration affect enzyme activity?   

Instead of grouping the student responses altogether and evaluating the answers 

by lab sections, the pre- and post-test responses were considered as individual 

responses for each student.  The first part of the analysis focused on how each 

student’s answer changed between the pre- and post-test.  Five main categories 

emerged from this analysis.  They were: (a) increased content/knowledge and 

vocabulary between pre-test to post-test, (b) misconception in the pre-test and fixed 

misconception on the post-test, (c) content accurate pre-test and post-test, (d) 

misconception on pre-test and misconception on post-test, and (e) content accurate 

pre-test and misconception on post-test.  Each of the student responses was put in one 

or more of the categories.  Some student responses fit in more than one category, so 
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they were counted in both. Table 1 shows the categories used in coding the pre-test 

and post-test responses, defines the categories, and provides student examples from 

the pre- and post-tests. 
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Table 2- Categories, definitions, and examples for the pre-and post-tests for week 1 

Category Definition Example Pre-test Example Post-test 

Increased student 

content/ 

vocabulary 

between pre-test 

and post test 

The pre-test answer 

for the student was 

vague and used 

little appropriate 

vocabulary, and the 

post-test showed an 

increase in 

understanding of 

the content 

knowledge or more 

appropriate use of 

science vocabulary 

“They have different 

affects which can help 

speed up the process” 

(IAB.EN1.PR.B.32.2) 

“Temp has the ability to 

increase the enzymatic 

activity but as the temp 

passes a certain limit it 

will denature the 

enzymes.  The pH 

depends on acids 

usually decreases 

enzymatic activity.” 

(IAB.EN1.PO.B.32.2) 

Misconception on 

pre-test and fixed 

misconception on 

post-test 

The pre-test answer 

was a 

misconception 

about the content, 

the post-test answer 

was accurate 

content information 

“Enzymes speed up 

the rate of reactions by 

adding something to 

them” 

(IAB.EN1.PR.B.6.1) 

“Enzymes act as 

catalysts by increasing 

the rate of a chemical 

reaction” (IAB.EN1. 

PO.B.36.1) 

Content accurate 

pre-test and post-

test answer 

The responses were 

content accurate on 

both pre-test and 

post-test  

“If the temperature and 

pH are too high it can 

effect the ability of the 

substrate to bind to the 

enzyme” 

(IAB.EN1.PR.B.24.2) 

“The higher the 

temperature and pH, the 

enzyme is more likely 

to stop working” 

(IAB.EN1.PO.B.24.2) 

Misconception on 

pre-test and 

misconception on 

post-test 

The responses were 

inaccurate on both 

the pre-test and 

post-test 

The substrate that 

requires the assistance 

of an enzyme binds to 

the active site and it 

then acted upon by the 

enzyme to form the 

new byproduct of that 

specific enzymatic 

reaction 

(IAB. EN1. 

PR.B.30.1) 

The substrate binds to 

the active site of the 

enzyme the substrate 

then goes through 

hydrolysis and the 

products of the 

hydrolased enzyme is 

two separate monomers 

(IAB. EN1. PO.B.30.1) 

Content accurate 

pre-test and 

misconception on 

post-test 

The pre-test 

responses showed 

understanding of 

the content, and the 

post-test showed a 

misconception 

about the content. 

“They speed up 

chemical reactions” 

(IB.EN1.PR.C.71.1) 

“Enzymes can break 

down or be a catalyst” 

(IB.EN1.PO.C.71.1) 
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Analysis of Week 2 Pre-post Test 

The analysis of second week of the pre-test and post-test was completed in the 

exact same manner as the analysis of the first week.  Student responses on the pre-test 

were compared to their responses on the post-test.  This analysis was done 

independently from the first post-test, but the same categories emerged from the 

examination of the student responses. 

Analysis of Laboratory Exercise Week 1 

The laboratory exercise for the first week of the enzyme unit consisted of a 

series of three experiments that the students performed. These exercises provided the 

background knowledge for the inquiry based activity of the next week.  During the 

exercises, the students were required to use a spectrometer to determine how much 

light was absorbed by the solutions in test tube in order to calculate the level of 

enzyme activity.  The calculated enzyme activity was then graphed and the students 

interpreted the results by writing out their conclusions on the lab worksheet. 

The first week of the laboratory exercise was not used as a data source to 

gather information about the content knowledge of the students for the following 

reasons: (1) the purpose of the first week of lab exercises was to help students develop 

the laboratory skills and provided content information in order for students to be able 

to create their own experiment for the following week, (2) inaccuracy of results due to 

the students lack of laboratory experience with the equipment, (3) copying of each 

other’s information, which meant individual learning could not be measured and (4) 

inaccurate results were copied by several group members, which resulted in many 
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errors on the responses.  The students were developing content knowledge during this 

lab, however this knowledge was gained through trial and error, oral discussion, and 

group work.  Therefore, the answers the students recorded on the lab worksheets were 

not an accurate reflection of their content knowledge development.  The answers for 

the first week of lab exercises were more indicative of the students’ struggles with 

interpreting data that may or may not fit their hypothesis. 

Analysis of Laboratory Exercise Week2 

The laboratory exercise for the second week involved the students in groups of 

four designing and implementing their own experiment about enzymes, then 

presenting their findings to the class.  The analysis of the students group work for the 

second week consisted of two parts: an examination of the design of the experiment, 

and an examination of the communication skills of the groups during their 

presentation.  The experimental design was written as part of the each group’s 

laboratory report. Students in the IB lab section communicated their science 

knowledge both visually by a poster and oral presentation. The IAB lab section 

students communicated through a creative visual and an original story.  The data of 

these two components of the laboratory exercise for week two were examined for 

categories.   

Students had been introduced to the content knowledge about enzymes during 

the previous week. Analysis of the students’ experimental designs was important in 

determining whether they (1) had acquired sufficient content knowledge and (2) could 
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use this knowledge in a laboratory setting.  Students had to understand the laboratory 

experiments from the previous week in order to design and implement a successful 

experiment of their own.  The experimental design project was evaluated on a scale of 

good to poor. However, only two categories emerged from the analysis of the 

student’s experimental design: (1) the students either knew what they were doing in 

their experiments or (2) they did not know what they were doing. These two categories 

were clearly reflected in the students’ laboratory reports. The two descriptive 

categories for the experimental designs and an example of each appear in Table 3.  
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Table 3-Description of categories for analysis of the experimental design for the 

laboratory exercise week 2 

Category Description Example 

 

 

Good 

 

Students showed understanding of 

how enzymes work, specifically 

were able to include an enzyme 

and substrate in their design.  

Students understood that the 

addition of the variable had to be 

appropriate for the type of 

experiment they were doing. 

 

“Compared lactase and ONPG as 

substrates.  Good design, used lactase 

and ONPG in one tube vs. ONPG in 

the other.” (IAB.EN2. LE.B.G.4) 

The students had to understand what 

the substrate and enzyme were and 

they chose to compare the activity of 

the enzyme between two different 

substrates. (IAB.EN2. LE.B.G.4.DA) 

 

Poor Students did not understand the 

content from the first laboratory, 

specifically how enzymes work 

with substrates.  They chose 

inappropriate substances to be 

tested and made severe errors in 

the implementation of their 

experiment, which led to faulty 

results.  

“There is a terrible lack of detail in 

how the experiment worked.  The 

group did not record the exact 

amounts of anything they added into 

the test tubes.” (IAB.EN2.LE.B.G.2)   

This group randomly chose a 

substance they thought would affect 

enzyme activity.  They did not 

understand that enzymes only bind to 

the substrate, and the alcohol would 

not influence the activity of the 

enzyme.  Lack of understanding of 

spectrometer, the group took readings 

on a tube with two distinct layers of 

density, resulting in inaccurate 

readings from the spectrometer. 

(IAB.EN2.LE.B.G.2.DA)   

 

The second part of the analysis of the laboratory exercise for week two of the 

enzyme unit focused on the communication skills of the student groups as they related 

the findings of their experiment.  The lab reports and the oral presentations of the 

groups were evaluated and the combined information was put into an Excel file for 
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organization.  Two categories emerged from the data analysis: good science 

communication skills and poor science communication skills.  The words “good” and 

“poor” tend to be used in subjective and vague ways in common language.  However, 

the use of these terms was also ideally descriptive of the actual presentations.  As I 

examined the lab reports and reflected on the presentations of the students, there was 

no middle ground of assessment.  The students both knew exactly what they were 

speaking about scientifically and were able to verbalize those concepts, or they were 

not able to accurately and competently communicate the meaning of the science 

concepts.  Additionally, students were either good at communicating what happened in 

their experiment or they were poor at communicating what happened. 

I used the instrument in Table 4 to classify the student presentations in the 

appropriate categories.  The Table summarizes the categories, a description of the 

categories, and provides an example from both the IAB and IB labs. The example 

includes my notes on the lab entries written by students in the IAB section and the IB 

section and my thoughts about the presentations. These have been provided because 

the IAB and IB students’ approach to communicating the data was very different, but 

could be classified into the same categories.   
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Table 4-Description of categories for analysis of the communication skills for the 

laboratory exercise week 2 

Category Description IAB Example IB Example 

Good  Students were able to 

communicate exactly what 

happened on a molecular 

level in their experiment 

through their visual and oral 

explanation.  The oral 

explanation was clear, 

simple and easy for others to 

understand.  The students 

clearly exhibited their 

knowledge of what 

happened in their experiment 

and the content knowledge 

their experiment was based 

upon. The student’s visual 

clearly represented their data 

collected and their findings. 
 

“Super Enzyme story- the 

superhero enzyme came into 

the cell and helped the cell 

increase it’s activity, 

because the regular enzyme 

was slow.  The story 

indicates that the students 

understand that their enzyme 

produced more calculated 

enzymatic activity when 

compared with the enzyme 

from last week.  Excellent 

visual representation and 

communication about results 

of experimental data.” 

(IAB.EN2.LE.B.G3.DA) 

“Communication of 

data was good.  

There was a graph 

on their poster with 

the axis labels 

showing the 3 

different enzymes 

and their calculated 

rate of reactions. 

This was also 

reflected in a data 

chart in the lab write 

up.” 

(IB.EN2.LE.C.G5.D

A) 

Poor  Students were unable to 

communicate what happened 

in their experiment on a 

molecular level through their 

visual and oral explanation. 

The oral explanation was 

unclear, and the students did 

not understand how to speak 

in sentences or use 

vocabulary that captured the 

science content knowledge 

or the science in their 

experiments.  The students 

were vague in their 

presentation and their visual 

made little sense and did not 

represent the data from their 

experiment. 

"Playing solitaire is like 

adding alcohol to an enzyme 

mixture.  When you play 

solitaire, you add a new deal 

it complicates the games, 

much like adding alcohol to 

an enzyme mixture 

complicates the reaction.  

The alcohol in our 

experiments is similar to a 

card being laid on another 

card that does not match." 

(IAB.EN2.LE.B.G2) 

Terrible student 

communication of data.  It 

was quite obvious that the 

students did not understand 

anything about what 

happened in their experiment 

or how to communicate their 

results. 

(IAB.EN2.LE.B.G2.DA) 

“Poor:  Data was not 

communicated with 

a graph.  There was 

a chart of test tubes 

indicating the spec 

reading as well as a 

color of the contents 

of the tube.  

Students were 

unable to understand 

why they got errors 

from the spec.  It is 

unclear if students 

ever understood 

what pH had to do 

with enzyme 

activity.  Their lack 

of a conclusion is 

evidence of their 

lack of 

understanding.” 

(IB.EN2.LE.C.G2.D

A) 



Texas Tech University, Chrissy Cross, May 2014 

85 

 

Analysis of Student Journal Entries Week 1 

The journal prompts for the IAB and IB lab sections were slightly different due 

to the nature of the activities they experiences.  For example, the IAB section students 

were asked “How do you feel about using stories and models to express science 

information?” (IAB.EN1.B.J.1).  This question was not used for the journal prompt for 

the IB lab.  A total of eight student journal entries from the IAB lab were turned in and 

analyzed.   In these eight journals I simply looked for vocabulary and phrases within 

student responses that contained obvious connections to the three research questions of 

the study. 

The second and third questions on the journal required the students to connect 

their content knowledge to a real life example and also a global/humanitarian issue.  

The data analysis of these journals was simplistic and focused on whether the students 

were able or unable to answer the questions. The student responses were coded into 

either of these two categories. 

Analysis of Student Journal Entries-Week 2 

During the second week of the laboratory, the students were again asked to 

write in their journals about the content information connecting to their future career 

and a global/humanitarian issue.  The journal questions were identical to those from 

the week before. Unfortunately, 20 out of 24 of the students in the IAB laboratory 

section did not turn in a journal entry for the second week of the enzyme lab.  Since 

this data source was incomplete, I chose to eliminate this student artifact from further 

data analysis. 
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Analysis of Observations 

During each of the IAB and IB lab meetings, I took field notes about each 

student’s behavior, attitude, and level of interest.  After the lab meetings, I also wrote 

a short reflection in my research journal about my observations. I grouped the analysis 

of the various observations according to their alignment with the topical focus areas of 

content knowledge, science communication skills, and student engagement and 

interest from the framing questions.  For example, the comment “student voice volume 

was louder in the IAB lab than in the IB lab” (OB.DA.12-16-13 line 4,5) was placed 

under the theme of communication and student engagement/interest since I 

specifically noted the voice volume of the students. In my experience, when my 

students are loud, they are communicating to one another in a confident manner and 

they are comfortable with the topic about which they are speaking.  Table 5 illustrates 

how the observations were categorized.  Some observations were used for more than 

one topical focus area, since the idea of communication, engagement, and content 

tended to overlap in the laboratory experience. 
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Table 5-Examples of observations organized by topical focus area 

 

Focus Areas  

 

 

Observation example text 

Content 

“As I would ask student about results, they got 

the meaning of the data, but they used few 

vocabulary words in their explanations.” 

(IAB.EN1.OB.C., line 2-4)  

 

Communication 

“Students are preparing for their story 

presentations; I am very surprised at the vocal 

communication level. Light atmosphere, smiles, 

laughter, most people talking to each other in 

their groups.  There is a lack of awkwardness that 

was present in the other labs.” (IAB.EN2.OB.B., 

Lines 1-4) 

 

Student Engagement and Interest 

“The lab data presentations were somewhat dry, 

however the student’s graphs did reflect their 

data.  No one in the class is interested in asking 

questions of their peers.” (IB.EN2.OB.C, lines 1-

3) 

 

Analysis of Researcher’s Journal 

The researcher’s journal was kept throughout the course of the semester.  The 

researcher’s journal played a key role in the development of theory grounded in the 

data.  Charmaz (2006) stated, “Grounded theory methods foster seeing your data in 

fresh ways and exploring your ideas about the data through early analytic writing” (p. 

2). After the lab observations, I reflected on what I had seen and heard.  From the time 

of the first observation and throughout the data collection period, I reflected in the 

researcher’s journal about ideas and themes that were emerging from the data and 
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would write them down. The researcher’s journal was also where I connected the 

themes from the data back to the framing questions of the study and vice versa.  This 

method is part of the constant comparative method of data analysis (Glaser and 

Strauss, 1967).  For example, the statement  “The lower students are showing leaps 

and bounds in content and vocab” (RJ.12-18-13, line 14, 15) was recorded after I had 

begun a preliminary analysis of the pre- and post-tests by comparing each student’s 

response on the pre-test to their response on the post-test. According to Lincoln and 

Guba (2011) and Glaser and Strauss (1967), transparency in the documented 

development of emergent themes is vital to the trustworthiness of the research.  My 

researcher’s journal also contained memos about the data analysis and my impressions 

of what was emerging as important during the constant comparison of multiple data 

sources.  

After I finished the analysis of all of the student artifacts and my notes 

regarding the lab observations, I examined my researcher’s journal holistically for 

emergent themes related to the topical focus areas of content, communication, student 

engagement/interest.  Table 6 gives an example of how each of the three topical focus 

areas appeared in my researcher’s journal.  
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Table 6-Categories and Examples in Researcher's Journal 

Focus areas  

 

Researcher’s journal example text 

 

Content 

 “IAB helps students grow in confidence and 

their ability to use appropriate vocabulary words 

related to the content.” (RJ.12.22.13.DA, lines 1-

2) 

 

Communication 

“The communication of data from the IB lab is 

terrible. It is obvious they didn’t understand their 

experiment from beginning to end. ” (RJ. 

12.12.13.2.DA, line 1-2) 

 

Student Engagement and Interest 

“Great discussion about enzymes while the 

groups presented.  Students very interested in 

stories and would help answer questions.” 

(RJ.12.9.13.1.DA, lines 1-2) 

 

 

As in the analysis of the lab observation data, there were many statements that had to 

be included in all of the topical focus areas since the ideas of content, communication, 

and student engagement overlapped in the laboratory experience and in the data 

analysis. 

Summary 

This research study was designed as a qualitative grounded theory self study.  

An inquiry based laboratory (IB) exercise and an inquiry and arts based (IAB) 

laboratory exercise were implemented in different sections of an undergraduate majors 

biology laboratory.  Student work, researcher’s observations, reflective journal entries, 

and critical friend memos were collected as sources of data.  This data was analyzed 
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for emergent themes using grounded theory’s constant comparative method (Bogdan 

& Biklen, 1998; Erlandson et al., 1993; Glaser and Strauss, 1967).  

 Each of the data sources was analyzed using open coding and the 

themes arising from the data sources were categorized in one of the three topical focus 

areas outlined by the framing questions for the research.  This chapter addresses the 

specific analysis for each data source and gives examples of how the themes were 

organized.   The treatment of the themes was documented in the researcher’s journal to 

maintain transparency during the coding. 
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CHAPTER IV 

IMPLEMENTATION AND FINDINGS 

Introduction 

 

This study explored the influence of an inquiry and arts based science curriculum 

to a purely inquiry based science curriculum in three topical focus areas: content 

knowledge, communication skills, and student engagement/interest.  These three areas 

were not categories or themes; they were simply reflective of the research questions to 

help organize the emergent themes arising from the data.   Since the constant 

comparative method (Bogdan & Biklen, 1998; Erlandson et al., 1993, Glaser, 1978; 

Glaser & Strauss, 1967) cyclically relates the data analysis back to the framing 

questions, it was important to reiterate that these three overarching topical focus areas 

helped organize the collection, organization, and analysis of data. 

This chapter has been divided in two major sections, that of the implementation 

of the lab activities and presentation of findings.  The first section of the chapter 

addresses the design and implementation of the labs. The second section of the chapter 

examines the specific findings of the data analysis in the context to the research 

questions. The three open-ended research questions focused the research study on 

three different topics:  content development, communication, and student 

engagement/interest.  The findings section has been topically organized and presents 

categories and themes from the data analysis in order in addressing the research 

questions. 
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Design and Implementation of the Labs 

The “Enzyme” Lab 

Although undergraduate biology laboratories do not have a common 

curriculum (Cheesman, French, Cheesman, Swails, & Thomas, 2007), traditionally 

there is a laboratory exercise about enzymes early in such a course.  In my previous 

two years of experience teaching the biology lab, I observed that students struggle to 

understand the concept of enzymes and how they function. I believed adding an arts 

component to the lab would help the students better understand the enzyme content 

knowledge.  Inspired by Haven’s (2000) claims of storytelling as a means for 

improving a student’s ability to understand and remember conceptual information, I 

chose to create and incorporate a story that assigned human like characteristics to 

enzymes.  Since enzymes are molecules that bond with and change other molecules, a 

story about relationships between characters appeared conducive to communicating 

the bonding and changing of the enzymes and their substrates. 

The Content of the Enzyme Lab 

Due to the lack of national standards for undergraduate biology (Cheesman, et 

al 2007), the biology content of these lessons was aligned with the Medical Colleges 

Admissions Test [MCAT] Preview Guide (American Association of Medical Colleges 

[AAMC], 2012) and the competencies outlined in the document “Scientific 

Foundations for Future Physicians” (AAMC & Howard Hughes Medical Institute 

[HHMI], 2009).  The referenced MCAT document has been currently used by the 

natural sciences department at the research site to develop topical curriculum for the 
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science classes required by their pre-medicine degree plan. The “Content Outline for 

the Biological Science Section of the MCAT” (AAMC, 2009, p. 4) has outlined the 

exact content needed to be covered to prepare the student for the MCAT test topic 

“Molecular Biology:  Enzymes and Metabolism.” The outline included: 

A.  Enzyme Structure and Function  

1. Function of enzymes in catalyzing biological reactions  

2. Reduction of activation energy  

3. Substrates and enzyme specificity  

B.  Control of Enzyme Activity  

1. Feedback inhibition  

2. Competitive inhibition  

3. Noncompetitive inhibition (AAMC, 2009, p. 4) 

 

This specific content was taught in the IB and IAB enzyme unit.  The topic of 

metabolism was covered in another laboratory exercise and therefore not included in 

the design of the enzyme laboratory exercise. A professor of biology with an earned 

Ph.D. in the field of biology checked the content of the enzyme unit to ensure 

accuracy and appropriateness (IAB.EN.7.11-13.CM2).  In addition to reinforcing the 

content specifically aligned with the AAMC documents, another purpose of the lab 

exercise was to assist the students in acquiring skills needed in graduate or 

professional schools. Specifically, students need to be able to reason scientifically in 

order to succeed in a science based graduate or professional school or on an 

admissions test to such schools.  For example, the Graduate Record Examination 

[GRE] (Educational Testing Service [ETS], 2013) tests the student’s ability to, 

“analyze and evaluate written material and synthesize information obtained from it, 
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analyze relationships among component parts of sentences and recognize relationships 

among words and concepts” (ETS, 2013, para. 1). Helping students build skills in 

scientific reasoning was also incorporated as part of the IB and IAB lessons 

throughout the laboratory exercise. 

Scientific inquiry skills have been an assessed component of the MCAT, GRE, 

and other professional school requirements.  Development of scientific inquiry skills 

was incorporated in the laboratory exercises and in pre- and post-tests and journal 

entries.  The concepts and scientific inquiry skills used in the design of the enzyme 

unit can be found in the MCAT Preview Guide (AAMC, 2009), Scientific Foundations 

for Future Physicians (AAMC & HHMI, 2009), and The Official Guide to the GRE 

Revised General Test (ETS, 2012). 

The Art of the Enzyme IAB lab 

In the first week of the enzyme unit in the IAB lab section, I told the students 

an original story about enzyme activity. The story portrayed the enzymes, substrates, 

and inhibitors as the popular culture characters of Bella, Edward, and Jake from the 

book Twilight (Meyer, 2007).  I also used small and simplistic play dough figures 

when enacting the story.  The following is an excerpt from the story: 

The day Bella met Edward was magic.  They gazed at each other in awe and 

knew they were a perfect fit.  They were meant to be together.  The spent a 

romantic evening getting to know each other and after that, they realized they 

fit together like peanut butter and jelly.  Edward and Bella became closer and 

closer until it was difficult to tell one from the other.  The evening was over 

too soon.  Bella looked at Edward and realized he had changed; their love had 

changed him forever.  Edwards was no longer Type A, he had changed to a 

Type B personality.  Edward left Bella with a new sense of purpose in his life.  
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He had to go, forever, and he left Bella alone, but Bella was not sad because 

she knew she had fulfilled her most satisfying purpose in life, she had helped 

someone change for the better.  And she was looking for more Type A 

molecules like Edward.  She was not done; she had only just begun to work.  

(IAB.EN1) 

This segment communicated to the students the concepts of the (a) physical fit 

between enzyme and substrate, (b) joining of the enzyme and the substrate, (c) 

connection of the enzyme and the substrate causing the substrate to change in 

structure, (d) substrate molecule physically changing to a new and different product 

molecule, (e) feedback inhibition, and (f) solidarity of the enzyme.  Before I read the 

story, I asked the students to take notes about the story to determine the science 

concepts upon which the characters were based upon.  After the completion of the 

story, I engaged the class in a discussion about the characters and their actions. 

The IB enzyme lab 

In the IB lab section, I showed the students a short video about how enzymes 

worked before they began their laboratory exercise. Afterwards we had a discussion 

about the video to ensure the students understood the video was about enzymes, 

substrates, and inhibitor interaction.  I addressed the same six concepts that were 

covered in the IAB lab section. 

In the IAB lab, students were exposed to the content knowledge through a 

simple story and completion of the lab exercise.  In contrast, the students in the IB lab 

were exposed to content knowledge about enzymes through the video and the 
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completion of the lab exercise. Thus, the students in the IAB and IB laboratory were 

presented the same content through different instructional methods. 

Implementation of the laboratory exercises 

In my role as the instructor, I implemented the IAB and IB enzyme unit over a 

two-week period.  Each lesson contained the same content information and each 

student completed the same amount of work regardless of the IB or IAB lesson design.  

The routine of each of the laboratory instructional period was in the following order:  

pre-test, lab exercise, post-test, and journal. The student work and the differences in 

the IAB and IB lab sections have been summarized in Table 7. 
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Table 7- Differences in Student Work between the IB and IAB labs 

 

IB Student 

 

 

IAB Student 

 

 

Differences in assignment 

 

Week 1 - Pre-test Week 1 - Pre-test None 

 

Week 1 - Laboratory 

Exercise 

Week 1 - Laboratory 

Exercise 

IAB students required to explain data charts 

and conclusions orally by telling me story, 

IB students wrote their explanations and 

conclusions down on the lab report 

 

Week 1 - Post-Test Week 1 - Post-Test None 

 

Week 1 - Journal Week 1 - Journal IAB student’s journal included a prompt that 

asked them their feelings about using stories 

and models in the science lab, IB students 

journals omitted this question 

Both sections had 2 additional questions 

about applying the content to their future 

career or a global/humanitarian context. 

 

Week 2 - Pre-test Week 2 - Pre-test None 

 

Week 2 - Laboratory 

Exercise 

Week 2 - Laboratory 

Exercise 

IAB students required to use a story along 

with a poster presentation to explain their 

results from their own experiment in 

addition to writing a lab report, IB students 

presented their data and conclusions on a 

poster board, no story required, and turned 

in a lab report. 

 

Week 2 - Post-Test Week 2 - Post-Test None 

 

Week 2 - Journal Week 2 - Journal IAB students asked again about how they 

felt about using stories and models in 

science.  IB students asked about how they 

felt designing their own experiment. 

Both sections had 2 additional questions 

about applying the content to their future 

career or a global/humanitarian context. 
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Pre-test 

As the students walked into the laboratory, the pre-test document was given to 

them to complete before the lab exercise began.  The students were instructed to fill 

out the pre-test as best as they could without looking up any information on the 

internet, copying others, or discussing the questions.  I made sure to communicate to 

the students that an answer of “I don’t know” was acceptable and that the students 

should simply draw on their previous knowledge about the topics of the questions. The 

pre-tests were written by myself and included three questions.  The first pre-test 

question was “How does an enzyme work?” (IAB/IB.EN1.PR/PO).  The purpose 

behind the students completing the pre-test before engaging in the lab exercise was to 

develop a baseline of content knowledge for each of the students before they were 

influenced by any activity occurring during the lab time. 

Lab Exercise Week 1 

The lab exercise was the second activity completed by the students during the 

lab time.  The students completed the entire exercise during the lab time and turned in 

the lab exercise paperwork upon completion of the activity.  The laboratory exercise 

was where the greatest difference in instructional methods occurred between the IAB 

and the IB lessons.  However, the content of the lesson was the same regardless of the 

type of instructional method used.  Both the IAB and IB lab sections completed three 

different experiments about enzymes during the laboratory exercise.  These 

experiments allowed the students to see the activity of the enzyme at different 

concentrations of enzyme, substrate, and temperatures.  The activity of the enzyme 
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was calculated by the students based upon a numerical reading from a 

spectrophotometer.  A spectrophotometer sends light through a solution to determine 

its ability to absorb the light, if the solution is more concentrate, it will absorb more 

light and if it is less concentrate the it will absorb less light.  The spectrophotometer 

then gives a numerical reading of absorbance that the student can use to determine the 

rate of activity rate of the enzyme in the solution.  The student was required to graph 

the calculated enzyme activity for each of the three experiments and write an 

explanation of the data in their lab exercise packet.  The primary goal of the lab 

exercises was to help students construct content knowledge about enzymes and how 

they work.  Some secondary goals of the lab exercise were to help students (1) 

develop appropriate laboratory skills in measuring and mixing solutions, (2) learn how 

to use a spectrophotometer, and (3) expand their skills in graphing and interpreting 

scientific data.  Since this was an inquiry-based laboratory exercise, my role in the 

laboratory was to be available to the students as a guide.  If a student had a question 

about what or why they were doing something in the lab exercise, I would encourage 

them to try to figure it out on their own, look it up in their lab exercise notes or online, 

or discuss the situation with their peers. 

Lab Exercise Week 2 

In the second week of the unit, the students were asked to design, implement, 

and report their own experiment about enzyme activity in groups of four.  The groups 

were to perform their laboratory experiment, gather and interpret data, write a 
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laboratory report, and present their conclusions and data to the class on a poster board.  

The IB and IAB assignments were identically implemented until the point of the 

student groups’ presentations to the class.  Groups in the IAB lab completed an 

additional requirement to create a story and make an additional visual for the story to 

communicate their data and conclusion, whereas groups in the IB lab only completed 

the poster presentation. 

Each group of students designed their own laboratory experiment based on the 

information from the previous week.  It was assumed that the students had sufficient 

content knowledge to design their own experiments using similar available materials.  

The students were in charge of choosing a variable to test based upon the general 

enzyme/substrate model experiments from the week before.  The students were given 

a paper at the end of the lab the previous week with a list of ideas of additional 

variables to consider for their experiment.  The list of variables included ideas such as 

changing the pH, substrate, or enzyme. They could also choose to use a different 

temperature variation, competitor solution, or an inhibitor solution.  The students were 

also encouraged to think of any additional item, not on the list, that they would be 

interested in testing on the enzyme.  I challenged the students to think about what they 

wanted to test based upon their personal career goals and interests.  For example, the 

sports science majors group decided to test the effect of creatine on enzyme activity 

and the physical therapy majors group chose to test a food enzyme.  Inquiry-based lab 

experiments consist of students designing and implementing original experiments.  A 
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successful design is heavily dependent on the student’s content knowledge.  

Specifically, the student must understand (a) how the substrate and the enzyme 

interact in the test tube in order to get a reaction, (b) how the spectrometer works, (c) 

how much of each solution to add to the test tubes to obtain a reaction, (d) why a 

control is important, (e) how to interpret the reading from the spectrometer, and (f) 

how to calculate and graph the enzyme activity appropriately.  When a student asked 

me what they should do or how to do something, I would tell them that they need to 

either look up the information they needed in their lab notes from last week or online.  

I did not want to influence them in their experimental design or procedure.  They 

needed to be able to make decisions about their own research, even if it meant they 

were making a critical error.  After the students designed and performed their 

experiment, they wrote a lab report in specified format and made a poster to present 

their experimental results to the rest of the class.  The IAB lab section was instructed 

to make a graph, a visual, and write a story to relate their resulting data. The IB lab 

section was instructed to make a graph or chart based on the numerical data from their 

experiment. After the student presentations, I asked the presenting group questions 

about what they did in their experiments, encouraged speculation about future 

experiments, and tried to stimulate class discussions about the results. 

Post-test 

The last thing the students did before leaving the laboratory was to take a post-

test.  The students were instructed not to look up information online or discuss the 
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post-test.  Instead they were to draw on information learned from the laboratory 

exercise in order to answer the post-test questions. 

Journal 

The journal assignment was given to the students at the beginning of the 

enzyme lab, but was not turned in until the next week.  The journal assignment 

consisted of an open reflection portion and a journal prompt.  The journal prompts 

varied slightly between the IAB and IB lessons.  For example, the journal prompts for 

the IAB section of the enzyme lab were, “How do you feel about using stories and 

models to express science information? How can you connect this lab to your future 

career? How can you connect this lab to benefiting humanity?” 

(IAB.EN1.PR/PO/J.B).  The IB section’s journal prompts omitted the first question, 

but the second two questions were identical to those given to the IAB lab 

(IB.EN1.PR/PO/J.C).  The journal assignment was completed outside of the lab and 

turned in the following week.  The goal of the journal was to allowing students time to 

sit down and reflect on the lab exercise and then connect the content knowledge to 

more practical topics.  Students were encouraged to research online the connection 

between the content of the lab and actual aspects of their future career goals.  

Section 2:  Findings 

In qualitative research, special emphasis is given to providing a voice for the 

voiceless (Angrosino, 2005).  One can get bogged down in the method of data analysis 

and the technicalities of the research that the voice of the student is completely lost.  In 
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order to give my students a voice, I have compiled two example narratives, one for a 

student in the IAB lab and the other for student in the IB lab.  These student narratives 

were not written by a specific student in the study. Instead they were fictionalized 

narratives derived from excerpts of many students in each particular lab, but woven 

together to represent the whole class. The following is a representative narrative of a 

student in the IAB lab. 

Week 1 

Today I have biology lab.  It is kind of boring, I don’t really know if I like it or 

not.  My biology lab in high school never included any experiments so this lab 

has been hard for me.  I forgot to pick up a pre-test on my way in, so the 

teacher brought me one.  The first question is “How does an enzyme work?”  I 

can’t remember exactly, I am not sure that I really care either.  I know it has 

something to do with energy.  I will write, “They bind to the substrate to speed 

up the energy process.” (IAB.EN1.PR.24.1).  That sounds good.  The teacher 

said that it is ok to be wrong on the pre-test, but I really don’t believe her, I bet 

she counts off points on some of them.  I don’t think it’s ever ok to be wrong 

on a paper in science, I have never heard that before.   

 

Ok, so Mrs. C said to get out a piece of paper and pen to take notes, that is 

strange, she doesn’t usually make us take notes.  This is weird. 

(IAB.EN1.OB.B.9.10.13), she is telling a story about someone named Bella, 

who liked to change people.  She met another molecule named Edward and 

helped him change for the better.  Strange story, but funny. 

(IAB.EN1.OB.B.9.10.13).  Mrs. C. is also using playdough models to illustrate 

what the story is talking about.  The Bella shape and the Edward shape are 

stuck together, that is kind of funny.  Ok, so the story is over.  What now?  Oh 

great…. she is asking us which character was the enzyme?  I am keeping my 

mouth shut.  My friend Joe said that Bella was an enzyme, Mrs. C said that 

was correct!  Bella was an enzyme, and Edward was the substrate.  Now I kind 

of get it, I definitely understand better what an enzyme is.  When the 

playdough characters stuck together that was an enzyme and substrate sticking 

together.  The story and models really helped my understanding. (IB.EN1.OB. 

B. 9.10.13).   

 

Ok so it is time for the lab exercise.  Three experiments with enzymes, using a 

spectro-something, and making graphs.  This looks really hard.  I never did 
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anything like this in high school.  Ok so how am I supposed to know which 

chemical is the enzyme?  Oh yeah, Mrs C said the enzyme in the story was 

Bella, and she told us the Bella the enzyme was in the Erlenmeyer flask.  The 

Edward, or substrate was in the 500 ml beaker.  I can remember that, Edward 

in the beaker, Bella in the flask. (IB.EN1.OB.B.RJ.9.12.13). So, our first 

experiment didn’t go very well, the spectro thing gave us some strange 

readings, my group had to compare our results with the group at the next table.  

The tall kid at that table explained the graph to me in a simple way, he said that 

when there were more Bella’s, they could change more Edwards, so the more 

enzyme in the test tube, the higher the activity of the enzyme. 

(IAB.EN1.OB.B.9.12.13). That is weird because our graph went up and then 

down. (IAB.EN1.LE.B.30. p. 3).  

 

Wow, so that lab exercise took 3 hours. That is a long time to be mixing test 

tubes and making graphs.  I am not sure if we did it all right.  We have to 

design our own experiment for next week, I haven’t ever had to design my own 

experiment before, that scares me a little. (IB.EN1.RJ.12.9.13. line 4, 8).  We 

are going to add creatine to our test tubes and see if it speeds up the activity of 

the enzyme, hopefully that will work.  We picked creatine because a couple of 

guys in my group play baseball and we are all interested in sports science.   

 

Now I have to take the post test.  I think I understand a little better what 

enzymes are.  Ok, so the question, “How does an enzyme work?”  This time I 

know a little better what to write, “Enzymes function as catalysts, to speed up 

the rate at which metabolic processes and reactions occur in living organisms.” 

(IAB.EN1.B.PO.24.1).  Mrs. C will like that I used the word catalyst.   

 

Journal time!  I am not a fan of journaling, it bugs me to have to write what we 

think about stuff in lab, I don’t know why we can’t just do the lab and be done.  

The first journal prompt is, “How do you feel about using stories and models 

to express science information?”  Hmm, here is my answer, “In my experience 

if you can explain something simply, you understand it a great deal.  Writing 

stories and using models stretch us to use our minds in a different way.  It is 

one thing to be able to regurgitate information but in order to retain it is the 

main goal.  Honestly I think putting my lab in story form made me think of it 

in a few different directions.  I had a hard time at first because I didn't really 

understand what I was doing.  As our group was working together to come up 

with a story we had to explain to one another why it was a good point and why 

it wasn't.  So a better understanding of enzymes came out of that.” 

(IAB.EN1.J.B.37.1).  Oh well, we can’t really get journals wrong, at least that 

is what Mrs. C. says, I am still not sure I believe her. 
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Week 2 

Back in lab and time for another pre-test, ok so this is the same question from 

last week, “How does an enzyme work?”  This time my answer will be really 

great, “Enzymes function as a catalyst to speed up the rate of the chemical 

reaction.” (IAB.EN2.B.PR.24.1). I hope Mrs. C will notice that I used the word 

catalyst again!   

 

We did our experiment adding creatine (IAB.LE.B.G1) to the test-tubes with 

the enzymes and the substrates.  This lab is fun, I actually feel like I know 

what I am doing and I feel more comfortable talking to my classmates about 

the lab.  (IAB.EN2.OB.B.lines 6-10).  Amazingly, our experiment worked ok.  

As we increased the amount of creatine in the test tubes, the enzyme activity 

increased.  Our conclusion is that the creatine helps the enzyme activity 

increase, now we have to figure out a way to tell a story that shows this 

information.   

 

Ok so my buddy Joe has an idea, we are going to make a play dough model of 

a guy who is working out, and his stomach will be a different color of play 

dough that will change in size to represent the amount of creatine he takes in.  

As the play dough circle of creatine gets bigger, the muscles of the play dough 

guy will get bigger.  This shows that the increasing of the creatine will make 

the enzyme activity increase.  Hopefully Mrs. C will like it!   

 

Ok so we told our story, the class laughed at our play dough guy.  Mrs. C 

asked if the increase would go on forever, and my buddy Joe told her no.  I am 

glad she didn’t ask me.  I mean I know that the increase has to stop sometime, 

but I do not like being asked questions in front of people.  I think we did a 

good job communicating our experiment through the story. 

(IAB.EN2.OB.B.lines17-18).  The other people in the class seemed to 

understand our experiment too, they wanted to talk about using creatine for 

workouts in the discussion. (IAB.EN2.OB.B.lines 21-23).   

 

Time for the post-test, of course it is the same question, “How does an enzyme 

work?”, I am confident that my answer on the pre-test was correct, so I am 

going to stick with it. “They work as a catalyst to speed up the rate of 

reaction.”  I wonder if Mrs. C. gets tired of reading the same thing over and 

over.  Oh well.   

 

And of course it is time for the journal prompt, which is also the same as last 

time, “How do you feel about using stories and models to express science 

information?” Answering the same questions is so boring!  Here is my answer 

for this week’s experiment, “Stories and models in lab make the experiment 
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much more relatable to me.  Like I said before, I can follow a set of directions 

and get results but I may not know why that happened or what it means.  

Stories help me grasp the real purpose.” (IAB.EN2.J.B.35.1).  Well, maybe I 

really get enzymes now.  Cool. 

 

The following is a representative narrative of a student in the IB lab: 

Week 1 

Today I have biology lab.  It is different from my biology class in high school.  

We had a lot of hands on stuff, but not really any experiments with test tubes 

and chemicals.  There are a lot of test tubes on the top of my table.  That looks 

really intimidating.  I think my whole group is intimidated; no one is talking to 

each other. (RJ.9.16.13).  I am sure they are all smarter than I am.  Oh well.  I 

guess I should start my pre-test.  Ok, “How does an enzyme work?”  I kind of 

remember this, I am going to write, “They speed up chemical reactions.” 

(IB.EN1.PR.C.71.1).  That sounds good, Mrs. C says that we aren’t supposed 

to know everything when we come into lab.  I sure don’t know much today.   

 

Mrs. C showed a short video about enzymes, it was ok.  There were lots of 

words I didn’t really get, but the cartoon pictures were good.  Now we are 

supposed to do our experiment. She went over the instructions with us and she 

used crazy words: ONPG, bGAL, buffer, control, spectrophotomer, whoa!  I 

cannot remember all of that.  Maybe our lab will help us figure this stuff out.  I 

am so confused, our experiments are working ok, Mrs. C. says our results look 

good, we stick the tube in the spectrometer and it gives us a number that we 

put in a formula and change into another number to graph.  I am not sure what 

this has to do with anything in real life.  I don’t even know which chemical is 

the enzyme and which is the substrate, and I am not sure my lab partners know 

either.  We whisper about it when Mrs. C is across the room helping other 

groups. Great, I forgot to put the substrate into the tubes for the second 

experiment (IB.EN1.LE.51.2), honestly I didn’t even know which thing was 

the substrate, ONPG? bGAL? buffer? Who knows.  So now our lab is a 

complete bust.  Ok, finally all the test tubes are done and those horrible graphs 

are finished.   

 

I don’t understand what really happened in any of the experiments and now we 

have to design our own.  I think the idea is fun, but stressful at the same time. 

(RJ.12.9.13.2.DA.line 2).  So my group chose to use milk and red bull in our 

test tubes for next week.  That will be cool, I bet the enzyme activity will really 

be crazy.  We are going to put the red bull and milk in the same test tube with 

the enzyme and the substrate and then see what happens (IB.EN2.LE2.ED.G1).  
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Ok so now is time for the post-test, “How does an enzyme work?” my answer 

is, “enzymes can break down or be a catalyst”.  I knew I could figure out how 

to put the word catalyst in there, I heard my lab partner say it earlier, so it is 

probably right. (IB.EN1.PO.C.72.1).   

 

Week 2 

Back in lab, I am kind of excited about this week, maybe because I drank some 

of the red bull for our experiment before I came to lab.  Time to rock the pre-

test, hmmm, it is the same question, “How does an enzyme work?” We 

covered this in lecture, so I know the answer good this week, I wrote, “As a 

catalyst to speed up reactions.” (IB.EN2.PR.C.71.1).  Got that right.   

 

Now to move on to our lab experiment.  Ok, so we are putting red bull and 

milk into the test tube with the enzyme and the substrate.  We wrote on our lab 

report that “we think the red bull will inhibit the enzyme.” (IB.EN2.LE2.G1).  

Ok, so maybe we don’t really know what we are doing, we made a tube just 

like last weeks, then we made two other tubes that we poured some red bull 

and milk into.  Maybe we should have measured the amounts.  The spec keeps 

giving us an error reading and won’t give us a number to put in the formula.  

Mrs. C says we need to make a poster showing our graph and conclusions.  We 

don’t have anything to graph.  The spec didn’t give us numbers.  So we are just 

drawing our test tubes with their different colors.  We wrote on our poster, 

"The red bull and milk and milk substrates had no reaction with the enzyme 

bGal and the spec could produce no readings.  This was inconsistent with our 

hypothesis because nothing happened." (IB.EN2.LE.G1).  We showed our 

poster to the class and read our conclusion.  Everyone seemed pretty bored.  

Mrs. C asked us why we had no results.  I told her we didn’t know.  We sat 

down, the other students presented, and a lot of the other groups messed up 

too.  Mrs. C came over to talk to us.  She asked us, “What does the spec do?”  I 

shrugged my shoulders.  She said, “The spec measures how much light passes 

through the solution. What happened when you put milk into your test tubes?”  

I answered, “It was cloudy”.  She said, “So no light could go through while it 

was in the spec, right?”  I nodded my head and felt stupid.  Of course all the 

solutions from the week before were transparent, we should have thought of 

that.  Oh well, most everyone else’s experiments were cruddy, too.   

 

I still know what to put on my post test though!  “How do enzymes work?”  I 

will use the same answer I put on the pre-test, “Used as a catalyst to speed up a 

reaction.” (IB.EN2.PO.C.71.1).  I may not know how to make an experiment 

about enzymes, but I know how they work! 
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These two narratives were meant to portray the differences in experiences for the 

students in the IAB and IB lab sections. Although the students studied the exact same 

content, they had two completely different experiences with the content, the 

communication of the content, and their engagement and interest about the content 

during the lab.  

Findings 

 

The three areas of focus for this study were content knowledge, 

communication, and student engagement and interest.  The findings section of this 

research study has been organized around the research questions and according to 

these three topical focus areas.   

Content Knowledge 

I investigated how the IAB lab curriculum influenced the development of 

student content knowledge as compared with the IB lab curriculum through this 

research study.  The development of the content knowledge of each student has been 

traced through two weeks of collected student artifacts, my own observations of the 

students in the lab setting, and my researcher’s journal.  The emergent themes 

pertaining to content knowledge from the student artifacts, my observations, and the 

researcher’s journal have been summarized in Table 8.   
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Table 8-Emergent themes about content grouped by lab section and data source 

IAB Content Knowledge IB Content Knowledge 

 

Pre-test and Post Test 

1.  IAB greatly helped students resolve 

misconceptions (38% of student responses 

showed fixed misconceptions between pre 

and post test) 

 

2. IAB did not causes any additional 

misconceptions (0% of student responses 

changed from a good content accurate answer 

on the pre-test to a misconception on the 

post-test) 

 

3.  IAB greatly increased student’s ability to 

write more in depth about the content or use 

more appropriate vocabulary words (53% of 

student responses showed an increase in 

content/appropriate vocabulary use) 

Pre-test and Post test 

1. IB helped students resolve some 

misconceptions (25% of student responses 

showed a fixed misconception between pre 

and post test) 

 

2. IB caused some students to have 

misconceptions (24% of student responses 

changed from a good content accurate answer 

on the pre-test to a misconception on the 

post-test). 

 

3.  IB slightly increased student’s ability to 

write more in depth about the content or use 

more appropriate vocabulary words (16% of 

student responses showed an increase in 

content/appropriate vocabulary use) 

 

Lab Exercise 2 

83% of students were able to effectively 

design a new experiment based on their 

content knowledge from the previous week. 

 

Lab Exercise 2 

50% of students were able to effectively 

design a new experiment based on their 

content knowledge from the previous week 

 

Student Journals 

All of the students in the IAB lab wrote in 

their journals that the story and the models 

helped them to better understand the content 

knowledge. 

 

 

Student Journals. 

No applicable information about content 

knowledge in journal entries. 

Observations 

1.  IAB lab had a greater number students 

conversing about the content. 

 

2. It was easier for me to discuss the content 

with the IAB lab because I could refer to 

characters and relationships in the story about 

enzymes. 

 

Observations 

1.  IB lab had a fewer number of students 

conversing about the content. 

 

2.  It was more difficult for me to discuss the 

content with the IB lab because I had to 

continually reiterate the content. 

Researcher’s Journal 

Students developed an in depth content 

knowledge, and were able to resolve 

misconceptions about the content. 

Researcher’s Journal 

Students developed some content knowledge, 

but were unable to resolve misconceptions 

about the content. 
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Findings from the analysis of Week 1 of the Pre/Post Test 

The findings that emerged from the comparison of the pre-test and post-test 

responses between the IAB and IB lab have been summarized in Table 9.  The table 

compares the percentages of student responses and their categories according to their 

lab section. The increase in content knowledge/vocabulary from the pre- to post-tests 

was greater for students in the IAB laboratory section than the IB section [IAB (53%) 

> IB (16%)] The responses indicating misconceptions on the pre-test and content 

accurate answers on the post-test were greater for students in the IAB laboratory 

section than the IB section [IAB (38%) > IB (24%)]. The content accuracy of pre- and 

post-test responses was less for students in the IAB laboratory section than the IB 

section [IAB (24%) < IB (37%)].  The responses indicating a misconception on the 

pre-test and a misconception on the post-test was greater for the students in the IAB 

lab section than in the IB lab section [IAB (18%)>IB (11%)].  The responses 

indicating content accuracy on the pre-test and misconceptions on the post-test were 

less in the IAB laboratory section than the IB section [AB (0%) < IB (24%)]. 
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Table 9-Counts and Percentages of Student Responses for Pre-test and Post-Test 

Week 1, across Categories and comparing IAB and IB lab sections 

 

IAB Pre-test 1 

n=34 

IB Pre-test 1 

n=38 

Increased Content/vocabulary from Pre-

test to Post-test 
18/34 (53%) 6/38 (16%) 

Fixed Misconceptions from Pre-test to 

Post-test 
13/34 (38%) 9/38 (24%) 

 

Content Accurate Pre-test and post-test 8/34 (24%) 14/38 (37%) 

Misconception in Pre-test and 

Misconception on Post-test 
6/34 (18%) 4/38 (11%) 

Content Accurate Pre-test and 

Misconception on Post-Test 
0/34 (0%) 9/38 (24%) 

 

The information in Table 9 provided the opportunity for comparisons between the pre-

and post-test categories of the IAB and IB lab sections and assisted in identifying 

which categories fit with the emergent themes, framing questions, and how the 

represented student content knowledge connected with themes from other data 

sources.  

Findings in Week 2 Pre-post Test 

Within the findings of the analysis of the second week of the pre and post tests, 

the same five categories of student responses emerged.  These categories and the 

descriptive statistics enumerating the student responses have been captured in Table 

10. 
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Table 10- Counts and Percentages of Student Responses Across Categories and 

comparing IAB and IB lab sections for Pre-test and Post-test Week 2 

 

IAB Week 2 

N= 34 

 

IB Week 2 

N= 42 

 

Increased Content/vocabulary 

from Pre-test to Post-test 
12/34 (35%) 15/42 (36%) 

Fixed Misconceptions from 

Pre-test to Post-test 
3/34 (9%) 0/42 (0%) 

Content Accurate Pre-test and 

post-test 
17/34 (50%) 20/42 (48%) 

Misconception in Pre-test and 

Misconception on Post-test 
3/34 (9%) 1/42 (2%) 

Content Accurate Pre-test and 

Misconception on Post-Test 
4/34 (9%) 2/42 (5%) 

 

Table 10 shows percentages for the student responses on the IB and IAB pre- 

and post-tests.  The questions on the pre- and post-tests during the second week were 

identical to the ones from the previous week.  This was an intentional design of the 

study, as I needed to determine if there was any difference in the student responses 

after a week separation from the laboratory experiences.  The results indicated that the 

students in the IAB and IB labs performed almost equally on the pre- and post-test.  

Since the questions on this test were identical to those of the week before, the students 

held fewer misconceptions about the questions and were able to write their answers in 

a more content accurate way.  Another influencing factor was the students had an 

additional week of enzyme content from both the lab and the lecture portion of the 

class and should have been more familiar with enzymes at this point. This was 
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reflected in the results, which indicated their answers had become more content 

accurate and used more appropriate vocabulary, as indicated by the similar 

percentages for the content accuracy of the pre- and post- tests [IAB (50%), IB (48%)] 

There was a similar result in the growth in accuracy of content and vocabulary 

knowledge [IAB (35%), IB (36%)].  

Another reason for having the students answer identical questions on the pre-

tests and post-tests was to be able to evaluate how the student content knowledge 

evolved over a period of two weeks.  Table 11 compares the information appearing in 

Tables 9 and 10 by showing the percentage of student responses in the pre- and post- 

tests by category across the two-week enzyme unit.  Again, an influencing factor for 

the changes in the percentages between the first and second week post-tests could be 

that the students also participated in a lecture on enzymes during their biology class 

periods. 
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Table 11-Student Response Comparisons for labs over two-week period 

 
IAB  Week 1 IAB Week 2 IB Week 1 IB Week 2 

 

Increased 

Content/vocabulary from 

Pre-test to Post-test 

53% 35% 16% 36% 

Fixed Misconceptions from 

Pre-test to Post-test 

38% 9% 24% 0% 

Content Accurate Pre-test 

and Post-test 

24% 50% 37% 48% 

 

Misconception in Pre-test 

and Misconception on Post-

test 

 

18% 

 

9% 

 

11% 

 

2% 

Content Accurate Pre-test 

and Misconception on Post-

Test 

0% 9% 24% 5% 

 

Several conclusions can be drawn from the data presented in Table 11.  The 

IAB lab students, who began the enzyme unit with little content depth and accuracy 

increased their knowledge (24% content accurate pre- and post-test, week 1). By the 

second week, the percentage of students at the same level (50% content accurate pre- 

and post-test, week 2) was approximately the same as their peers in the IB lab (48% 

content accurate pre- and post-test, week 2). The IB students came into the enzyme 

unit with a greater knowledge of enzymes (37% content accurate pre- and post-test, 

week 1), however it was the IAB lab students who almost doubled their number of 

content accurate pre-tests and post-test responses between the first and second week of 
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the lab.  The percentage of IB lab member’s content accurate pre- and post-test 

responses increased only by eleven percent (11%) in the same category. 

The data analysis also indicated that the IAB students continued to fix 

misconceptions between the pre- and post-tests, as they had done in the previous 

week, while the IB lab section students did not have any post-tests that fit the category 

of a fixed misconception during the second week of the lab. Additionally, there was a 

decrease in both lab sections in the number of student responses that contained unfixed 

misconceptions on the pre-test and post-test between the first week and second week 

of lab.  The percentage of IB students’ exhibiting misconceptions developed during 

the lab decreased from 24% for week one to 5% for week two.  In contrast, the 

percentage of IAB students exhibiting misconceptions increased from 0% during the 

first week to 9% during the second week.  From the examination of the data, I believe 

that the four IAB student responses representing the nine percent increase in 

misconceptions were indicative of these students’ lack of content knowledge in the 

topic.  Simply put, the students were unable to write a correct answer and instead just 

scribbled a short answer so they could leave the laboratory.  This statement is purely 

my own conjecture stemming from my persistent observation and prolonged 

engagement with the students. 

Summary of the Findings of the Pre- and Post-Tests 

A summary of findings of the data analysis of the student’s pre- and post-tests 

can be organized into two main categories:  resolution of misconceptions and increase 
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in content depth and appropriate vocabulary use.  Both of these categories fit into the 

“content knowledge” theme. 

Resolution of Misconceptions 

Administering a pre-test helped identify what content knowledge students 

brought into the lab and pointed out previous misconceptions about the content matter.  

Of the 34 student responses that were examined from the first pre-test for the IAB lab 

section, 19 responses contained a misconception of some type 

(IAB/IB.EN1.PR/PO.B.C.DA, line 7). A misconception about the content 

(IAB/IB.EN1.PR/PO.B.C.DA, line 7) was found in 50% of the IAB lab student 

responses. However, through the course of the laboratory exercise, including the story 

portion of the lab, thirteen student misconceptions were fixed, as those students were 

able to respond with content accurate information on the post-test 

(IAB/IB.EN1.PR/PO.B.C.DA, line 3).  Only six student responses on the post-test 

contained a misconception (IAB/IB.EN1.PR/PO.B.C.DA, line 5).  More importantly, 

the students that wrote content accurate knowledge on the pre-test did not develop 

misconceptions through the laboratory exercise (IAB/IB.EN1.PR/PO.B.C.DA, line 6).  

The laboratory exercise appeared to have contributed to the students being able to 

understand the content to a greater depth, as evidenced by their ability to write content 

accurate answers on the post-test. 

The IB section began the lab with 13 out of 38 student pre-test responses 

containing misconceptions (IAB/IB.EN1.PR/PO.B.C.DA, line 7). While nine student 



Texas Tech University, Chrissy Cross, May 2014 

117 

 

post-test responses showed a fixed misconception, an additional nine students who 

demonstrated content accurate information on the pre-test developed misconceptions 

during the lab exercise and wrote misconceptions on their post-test 

(IAB/IB.EN1.PR/PO.B.C.DA, line 6).  The pre- and post-test analysis showed that the 

IAB lab activities helped students fix their misconceptions while the IB lab activities 

fixed some misconceptions and yet caused some misconceptions. 

Increased depth of content and vocabulary 

Another interesting trend in the analysis of the pre- and post-test responses was 

the increase in student content knowledge or use of the appropriate science vocabulary 

words between the pre- and post-test.  In the IAB lab section, 18 out of 34 student 

responses showed either an increase in the content knowledge or more appropriate 

vocabulary usage between the pre-test and post-test for week one of the enzyme lesson 

(IAB/IB.EN1.PR/PO.B.C.DA, line 2).  In the IB lab section, only 6 out of 38 student 

responses showed an increase in content knowledge or vocabulary 

(IAB/IB.EN1.PR/PO.B.C.DA, line 2).  The increased number of IAB section students 

who improved their responses between the pre- and post-test seems to indicated that 

something occurred during the IAB lab section that helped the students understand the 

content and the vocabulary associated with the content.   

Lab Exercise 2: Application of Content Knowledge 

From the analysis of the data from the second week of the laboratory exercise, 

the students’ ability to apply their content knowledge from the week before was 
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evident in their design of their own experiment. The students had to use the content 

knowledge acquired from the previous week when designing their experiment.  In the 

IAB lab, five out of the six groups presented a good experimental design, which 

indicated they understood the content from the week before 

(IAB/IB.EN2.LE.B.C.DA.ED.lines 2-7).  In the IB lab section, three out of six groups 

were able to create a good experimental design (IAB/IB.EN2.LE.B.C.DA.ED.lines 2-

7).  The findings of the data analysis of the lab exercise for week two indicated that 

the IAB students had a better grasp of the content knowledge from the previous week 

than the students in IB lab section based on their ability to design their own 

experiments that were framed by the content from the previous week. 

Student Journals 

All eight student reflections indicated that the use of stories helped them to 

understand the content knowledge.  Phrases such as “helped me comprehend” 

(IAB.EN1.J.B.29.1)  “greater knowledge” (IAB.EN1.J.B.39.1), and “way better 

understanding” (IAB.EN1.J.B.49.1), were used by the students to describe how they 

felt about including stories and models to express science content knowledge.  

The second and third journal questions were identical for both the IAB and IB 

lab sections.  The student responses for these two questions were also analyzed.  The 

questions required the students to relate the information about enzymes from the lab to 

(1) their future career and (2) a global/humanitarian issue.  Two categories emerged 

from the analysis of these journal responses:  either the students made a good 
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connection between the content and a future career/humanitarian issues or they could 

not make a good connection between the two topics. The following IAB student 

response serves as an example of a good connection between the content and career. 

This lab can help in my future career of marine biology, because in order to 

maintain a common habitat for the marine animals, you have to know how the 

pH level and temperature will react to both the animals and the water.  If the 

water is too acidic, than the animal can be harmed.  The temperature has to 

coincide with the animal's real habitat.  An example of this is Beluga Whales.  

Because they live in arctic waters, their water has to be a constant temperate 

that reflects arctic water, 32 degrees Fahrenheit. (IAB.EN1.J.B.29.2) 

This student took a specific content area of the laboratory exercise, which was testing 

how temperature affected enzyme activity, and applied that specific content to her 

career field, which was marine biology.  In addition, the student took the content a 

step further and applied her knowledge to another variable, pH.  This student response 

indicated a strong application of content to career.   

In contrast, another IAB student was unable to make the connection between 

the content knowledge and their future career. This individual wrote the following, “In 

my future career I will be dealing with medicine and this lab was good for that 

because it help me with enzymes which are in everyone” (IAB.EN1.J.B.72.2). This 

statement does not have any specific content and only vaguely hints as to how 

someone in the field of medicine would use enzymes.   

 In the IAB lab, three out nine (33%) responses indicated the students were 

able to connect the enzyme content to their future career and no students were able to 

connect enzymes to a global/humanitarian issue. In the IB lab, five out of fifteen 
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student responses (33%) made an appropriate connection between the enzyme content 

knowledge and their career, while no students were able to connect enzyme content 

knowledge to a humanitarian/global issue (IAB/IB.EN1.J.B/C.DA).  Table 3 

summarizes the journal data analysis for journal questions 2 and 3 for the first week of 

the lab exercise. 

Table 12- IAB and IB Journal Week 1, Questions 2 and 3 Comparison 

Categories IAB Journal 

Week 1, 

Question 2, 

n=9 

IAB Journal 

Week1, 

Question 3, 

n=9 

IB Journal 

Week 1, 

Question 2, 

n=15 

IB Journal 

Week 1, 

Question 3, 

n=15 

 

Able to connect 

content to question 

 

 

3/9 (33%) 

 

0/9 (0%) 

 

5/15 (33%) 

 

0/15 (0%) 

Unable to connect 

content to question 

 

 

6/9 (66%) 

 

9/9 (100%) 

 

10/15 (66%) 

 

15/15 (100% 

 

The results summarized in Table 12 revealed that only one-third of students in both 

the IAB and IB lab sections were able to connect the enzyme content knowledge to 

their career.  Additionally, no student in either lab section was able to connect the 

content knowledge of enzymes to a global/humanitarian situation.   

The student journal responses from the first week of the IAB lab all indicated 

that the stories and models about the enzymes helped them understand the concepts 

(IAB.EN1.J.DA).  Each of the students used phrases such as “helps me to understand”, 

“greater knowledge” and “way better understanding”.  These phrases implied that the 

stories and models helped the students in construction of content knowledge.   
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Observations 

My observation logs contained two interesting themes about the development of 

content knowledge:  the students in the IAB lab had less difficulty with vocabulary 

than the students in the IB lab section and the students in the IAB lab engaged in more 

discussion about the content than the students in IB lab. 

I recorded my perceptions about the content knowledge of the students during 

my observation notes about the IAB and IB lab sessions. When the content was 

discussed in the IAB lab section, I could refer to the story of the enzyme and its 

relationships to substrate.  Students would immediately recall the concepts addressed 

in the story (RJ.9.10.13, lines 2-4).  I had more difficulty in the IB lab section when 

discussing the content with the students because the concepts were still abstract to 

them and they were unfamiliar with the vocabulary words (IB.EN1.OB.C, line 2-5).  I 

had to frequently answer questions about the vocabulary for the IB students, in order 

for the student to understand what was happening in their lab experiment 

(IB.EN1.OB.C, lines 2-4). According to my observations of students in both of the 

labs, those individuals in the IAB lab had an easier time understanding the content 

because they could relate it to the story, as opposed to the students in the IB lab, who 

had to simply absorb the content as they completed the lab exercise (RJ.9.10.13, lines 

2-4).  Another interesting observation about the IAB lab students was that they were 

engaged in more group conversation about the enzyme content (IAB.EN1.OB.B.2, line 

2) than in the IB lab section (RJ.9.16.13, lines 1-2). 
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Researcher’s Journal 

One of the purposes of the researcher’s reflective journal is to allow the 

researcher to reflect and refocus the ideas and themes from the data analysis.  One 

primary idea emerged from the analysis of the researcher’s journal, the IAB lab 

curriculum helped students developed more accurate content knowledge and resolve 

misconceptions about the content better than the IB lab (RJ.9.10.13, RJ.9.20.13, 

RJ.12.9.13.1, RJ.12.12.13.2, RJ.12.15.13.2, RJ.12.17.13, RJ.12.18.13, RJ.12.22.13.3, 

RJ 12.22.13.7, RJ.12.28.13.3, RJ.1.13.14).  This finding was confirmed in one IAB 

student’s journal responses about using stories and models to learn science. 

In my experience, if you can explain something simply, you understand it a 

great deal.  Writing stories and using models stretch us to use our minds in a 

different way.  It is one thing to be able to regurgitate information but in order 

to retain it is the main goal.  Honestly, I think putting my lab in story form 

made me think of it in a few different directions.  I had a hard time at first 

because I didn’t really understand what I was doing.  As our group was 

working together to come up with a story we had to explain to one another why 

it was a good point and why it wasn’t.  So a better understanding of enzymes 

came out of that (IAB.EN1.J.B. 37.1). 

 

This student eloquently expressed how s/he built content knowledge while conversing 

with the other group members, and again while trying to figure out how to tell a story 

about data analysis.  The student’s phrase of “different directions” appropriately 

described how making a story from data causes one to look at the data in a variety of 

layers in order to gain in depth in content knowledge. 

Summary 

The first framing question for this study states, “How does an inquiry and arts 

based (IAB) biology laboratory curriculum influence students comprehension of 
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content knowledge when compared to an inquiry based (IB) laboratory curriculum?”  

The data analysis indicated the IAB curriculum in this study provided better 

opportunity for students to fix misconceptions and provided greater opportunity for 

development of in depth content knowledge than the IB curriculum. 

Communication 

Communication was the second topical focus area investigated through the data 

analysis.  This analysis addressed the question “How did the IAB and IB curriculum 

influence the science communication skills of the students?”  Data sources were the 

two weeks of student artifacts, my own observations, and my researcher’s journal.   

I noticed a difference in communication skills between students in the IB and 

IAB lab sections during the first week of the lab.  I recorded this phenomenon in my 

observations during the first week and again reflected in the researcher’s journal 

(IB.EN1.OB.C, RJ.9.10.13). When students in the IAB lab section had a question 

about a chemical used in their experiment during the lab exercise, I could easily refer 

back to the story I shared before the experiment.  For example, if one of the students 

said, “I don’t really understand what is happening in the test tubes,” I could reply, 

“Remember in our story how Bella changed Edward from one thing to another? Your 

enzyme, named bGal is doing the same thing to the substrate, named ONPG, just like 

in the story.”  This analogy helped the student understand what was happening in the 

test tube, because they could immediately relate the strange vocabulary and content to 

a simple, yet content accurate story. This communication advantage was missing in 
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the IB lab.  When a student would say, “I don’t really understand what is going on in 

the test tube,” I replied with something like “The enzyme, bGal is binding to the 

substrate, ONPG, and changing it into a different product.”  Students often still 

seemed to not grasp the concept. 

Another difference between the IAB and IB labs was also evident in the 

student’s ways of communicating science knowledge to each other.  In the IAB lab, 

the students talked more to each other in their groups than in the IB lab (RJ. 

9.16.13,RJ.9.20.13, RJ. 12.9.13.1, RJ.12.16.13.2).  The students in the IAB lab section 

were happier and more cordial with each other than in the IB lab (RJ. 

9.16.13,RJ.9.20.13, RJ.12.16.13.2, RJ.12.18.13).  In addition, the attitude in the 

classroom was lighter. The students were smiling and talking loudly 

(IAB.EN2.OB.B).  I noted this in my observation field notes as, “a lack of 

awkwardness” (IAB.EN2.OB.B.line 3).  This lack of awkwardness, I believe is 

indicative of the student’s feeling of confidence in his/her knowledge of the content.  

It appeared to me that the students in the IAB lab were louder and more genial in their 

groups because they felt confident in the way that they were communicating with each 

other about the content. In contrast, the attitude and action of the students in the IB lab 

was more restrained (RJ.9.16.13). 

 The students in IAB lab were much more effective in their communication of 

the science content when presenting their data from their own experiments than the 

students in the IB lab (IAB.EN2.OB.B, IAB.EN2.LE.B.DA, IB.EN2.OB.C, 
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IB.EN2.LE.C.DA, RJ.12.12.13.2, RJ. 12.17.13, RJ.12.22.13.7).  This conclusion was 

reached after analyzing my observation notes and the lab exercise from the second 

week of the enzyme unit.  For clarity, I have included my notes about an IAB 

presentation and also an IB presentation so that one can view the data through my eyes 

as the instructor of the lab. The note begins with my rating of the group presentation. 

Excellent: Super Enzyme story- the superhero enzyme came into the cell and 

helped the cell increase the activity, because the regular enzyme was slow.  

The story indicates that the students understand that their enzyme produced 

more calculated enzymatic activity when compared with the enzyme from last 

week.  Excellent visual representation and communication about results of 

experimental data. (IAB.EN2.LE.B.DA.G3) 

 

This IAB group was able to take the data from their experiment, create a story that was 

acted out with paper puppets to enrich the storytelling experience, and communicate 

effectively exactly how their variable changed the activity of the enzyme.  The 

students knew exactly what happened in their experiment from beginning to end and 

accurately and clearly communicated their findings to the rest of the class. 

 My notes about a presentation from the IB lab also begin with my rating of the 

group presentation. 

Poor:  Data communicated by a poster with three test tubes and their contents 

and color sketched on it.  The students’ poor choices of test tube contents 

influenced their lack of information on their poster and their lack of desire to 

figure out where their experiment went horribly wrong. (IB.EN2.LE.C.DA.G1) 

 

 

Not only did the group have to reduce their data down to a picture of three test tubes 

colored in with a variety of colors, they could not express to the class or to myself why 

their experiment did not work and was unable to determine how to fix the experiment. 
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This group failed to communicate visually or orally what happened in their 

experiment, because they did not understand what happened in their experiment. 

The findings of the data analysis regarding communication in the IAB and IB 

labs have been summarized in Table 13.  It appears that the IAB lab curriculum 

increased the students’ ability to effectively communication science knowledge, while 

the IB lab curriculum did not increase the students’ science communication skills. 

Table 13- Communication in IAB and IB lab sections 

 

IAB Student Communication 

 

IB Student Communication 

 

Easier communication between teacher 

and student. (IB.EN1.OB.C, RJ.9.10.13) 

More difficult communication between 

teacher and student. (IB.EN1.OB.C, 

RJ.9.10.13) 

 

Increased student-to-student 

communication. (RJ. 9.16.13,RJ.9.20.13, 

RJ. 12.9.13.1, RJ.12.16.13.2) 

 

Less student-to-student communication. 

(RJ. 9.16.13RJ.9.20.13, RJ.12.16.13.2) 

Happier more genial conversation in 

groups. (RJ. 9.16.13,RJ.9.20.13, 

RJ.12.16.13.2, RJ.12.18.13) 

Communication in groups dry and 

hesitant. (RJ. 9.16.13,RJ.9.20.13, 

RJ.12.16.13.2 RJ.12.18.13) 

 

5 of 6 groups were able to effectively 

communicate science data and content 

from their own experiment. 

(IAB.EN2.OB.B, IAB.EN2.LE.B.DA, 

RJ.12.12.13.2, RJ. 12.17.13, 

RJ.12.22.13.7) 

1 of 6 groups was able to effectively 

communicate science data and content 

from their own experiment. 

(IB.EN2.OB.C, IB.EN2.LE.C.DA, 

RJ.12.12.13.2, RJ. 12.17.13, 

RJ.12.22.13.7) 

 

Student Engagement 

Throughout this research study I have felt that student engagement has been 

difficult to accurately distinguish.  Even with the qualitative aspect of the 



Texas Tech University, Chrissy Cross, May 2014 

127 

 

observations, the student reflections, and the researcher’s journal, it has been difficult 

to look at a student and know for certain that “Student A is interested in what they are 

learning” or “Student B is not interested in what they are learning.”  The literature on 

the exact meaning of the term student engagement is conflicting.  To answer the 

research question about student engagement/interest, “How does an inquiry and arts 

based (IAB) biology laboratory curriculum influence the students’ interest and 

engagement in the laboratory activity when compared to an inquiry based (IB) 

laboratory curriculum?”  I relied on my own perceptions and knowledge of the 

students to determine if the students were really interested in what they were doing or 

not.  The data analysis revealed that the students in the IAB lab were more interested 

and engaged in what they were doing during the lab exercises than the students in the 

IB laboratory exercise (RJ.9.16.13, RJ.9.20.13, RJ.12.9.13.2, RJ. 

12.16.13.2,RJ.12.18.13, RJ.12.22.13, IAB.OB.B.C.DA).  My researcher’s journal has 

several entries that address the student’s level of interest and engagement. “One thing 

I notice is the huge difference in attitudes between IB and IAB class.  IAB class is 

talkative, laughing, communicating much better than IB, {which is} quieter, less 

cordial with each other” (RJ.9.16.13, lines 1-2).  For the next week of the lab exercise 

I noted 

The IB labs went well-the graphs and visuals were good.  I noticed the kids 

enjoyed (for the most part) their experiment and worked fairly well in groups.  

The collaboration was a little lacking across the board.  Many students were so 

concerned with "the right answer" that their creativity was completely stifled.  

That is one reason why the IAB was more innovative-because the students felt 
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more comfortable with their personal creativity and expression of the science 

knowledge (RJ.9.20.13). 

 

The categories that were evident from the analysis of the data regarding student 

engagement/interest focused on behavior during lab exercises and presentations and 

student’s interest in discussions.  These categories have been summarized in Table 14. 

Table 14- Student Engagement/Interest in the IAB and IB lab sections 

 

IAB Student Engagement 

 

 

IB Student Engagement 

Enthusiasm during lab exercise 1 

(IAB.EN1.OB.B.2, RJ.9.16.13) 

 

Light atmosphere, smiles, laugher during 

presentations (IAB.EN2.OB.B.lines1-2, 

RJ.9.16.13) 

Lack of enthusiasm during lab exercise 1-

(RJ.9.20.13) 

 

Dry presentations, class more reserved 

(IB.EN2.OB.C.lines 1-3, RJ.9.16.13, 

R.9.20.13) 

 

Increased discussion after presentations 

(IAB.EN2.OB.B.lines 6-8, RJ 12.9.13.1) 

No discussion after presentations 

(IB.EN2.OB.C. lines 1-3) 

 

According to the data analysis, the students in the IAB lab exhibited a greater 

amount of cordial vocal communication with each other, greater enthusiasm and a 

general “lack of awkwardness” (IAB.EN2.OB.B.line3) than students in the IB lab 

(IB.EN2.OB.C.lines 1-3, RJ.9.16.13, R.9.20.13, IAB.EN1.OB.B.2, RJ.9.16.13, 

IAB.EN2.OB.B.lines1-2, RJ.9.16.13, RJ.9.20.13, IB.EN2.OB.C. lines 1-3).  These 

student behaviors appear indicative of an increased level of engagement/interest in the 

content in the IAB lab exercise when compared to the IB lab exercised. 
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Additional Themes 

When doing qualitative research, especially when using grounded theory 

methodology, there will be additional themes and ideas that emerge from the data 

analysis (Strauss & Corbin, 1994).  These themes may not fit in with the research 

questions, but they are no less important to address and discuss for the sake of validity 

and transparency (Lincoln & Guba, 1985).  A brief discussion of the two themes 

follows. 

The real life connection 

 An unanticipated theme that emerged from the data was the students’ lack of 

ability to connect the content to real life.  Two questions were included on the student 

journals asking them to connect the content to their future career and a 

global/humanitarian issue. I believed that the student’s ability to make such connects 

would be indicative of their interest/engagement in learning the content knowledge.  

Apparently I was mistaken, but this belief opened the door to an unexpected emergent 

theme.  The analysis of the student journals indicated that the students had great 

difficulty connecting the content to their future career or a humanitarian issue 

(IAB/IB.EN2.B/C.J.DA.Q2, RJ.12.16.13, RJ 12.22.13, RJ.12.28.13.3). Out of the 24 

total student journals turned in for the first week of the enzyme lab from both the IAB 

and IB sections, only eight students could relate the content to their future career.  

None of the 24 students who turned in a journal entry could connect the content to a 

global or humanitarian issue. The findings of this study indicated the students were 

completely unable to do this, as evidenced by the inability of most the students to do 
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this in their weekly journals.  What is now apparent from this study is that connecting 

the science content to real life situations is a skill that must be taught to the students. 

Although this theme is not directly related to the research questions framing the study, 

this finding resulted in the development of another research question to be pursued in 

subsequent investigations. Specifically, I want to know what kind of relationship 

exists, if any, between the student’s interest and engagement in science and her/her 

ability to connect the content to a real life situation?  

The Inquiry Theme 

Although I chose to focus specifically on the framing questions of the research, 

there were specifically some themes about inquiry that surfaced and resurfaced 

throughout the project.  These ideas were too important to ignore and needed to be 

voiced.  According to a purist perspective of grounded theory (Glaser and Strauss, 

1967), three categories emerged directly from the data. These were that inquiry-based 

(IB) science curriculum did not: 

1. allow these students to build communication skills (IB.EN1.OB.C, 

IB.EN2.OB.C, IB.EN2.LE.C.DA, RJ.9.10.13, RJ. 9.16.13,RJ.9.20.13, 

RJ.12.12.13.2, RJ.12.16.13.2, RJ. 12.17.13, RJ.12.18.13, RJ.12.22.13.7), 

2. give these students the opportunity to connect the content to real life 

application (IAB/IB.EN2.B/C.J.DA.Q2, RJ.12.16.13, RJ 12.22.13, 

RJ.12.28.13.3)  
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3. help these students to resolve misconceptions about the content 

(IAB/IB.EN1.PR/PO.B/C.DA).   

These themes can be summarized in the following statement:  Inquiry-based 

curriculum was insufficient for effectively teaching science content, communication 

skills or real life application to the students in this study.   

Summary 

In summary, when the IAB and the IB curricula were compared, the IAB section 

students demonstrated better overall performance and growth than the IB students. 

Figure 3 summarizes the major themes from the findings within their appropriate 

topical focus areas from the research questions and comparing the IAB lab compared 

to the IB lab. 
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Figure 3- Major Themes and in the Findings by Topical Focus Area 

The results of this study have documented specific findings concerning the 

three topical focus areas. The students in IAB lab section showed a greater increase in 

the content knowledge and more effective resolution of misconceptions than students 

in the IB lab section. The communication of the science knowledge was better for 

students in the IAB section than those in the IB section.  Finally, the student 

engagement and interest seemed to be better in the IAB lab section than in the IB lab 

section, although this finding is more subjective.  The findings of this research study 

indicated that the IAB lab section students produced better quality work, demonstrated 

better communication skills, and displayed more engagement/interest in their work 

than the student in the IB lab. 

 Content 

IAB students 
demonstrated an 

increased depth of 
content knowledge 

IAB students exhibited 
more effective 
resolution of 

misconceptions 

Communication 

IAB students 
demonstrated more 

effective science 
communication skills 

IAB students displayed 
an increased effective 

communication in 
groups and between 
teacher and students 

Engagement/Interest 

IAB students 
demonstrated increased 

discussion 

IAB students displayed 
more positive attitude 
during presentations 
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Limitations 

With qualitative research and naturalistic inquiry “Interpretation is both limited 

and enriched by context.” (Erlandson et al., 1993, p. 18).  In the following paragraphs 

I have attempted to note the limitations that I observed as I examined the data.  

However, the reader may have his/her own interpretation and application of the 

findings of this study, which may be completely different from my own. 

One of the limitations concerning the observations conducted for this study 

was that I was also the instructor in the laboratory.  I did not have a lab assistant.  My 

lab time was spent helping students with procedures, equipment, measurements, 

results, calculations, and so forth.  These activities did not allow me to observe or 

record observations in the quality and depth that I would have preferred during the lab 

time.  However, I did record my reflections in my research journal after the lab time, 

to document anything that I was not able to quickly annotate in my field notes.   

A second limitation of this study was that it only examined one inquiry-based 

lesson and one inquiry- and arts-based lesson.  The analysis and findings can only be 

applied to this single lesson and to my own way of teaching it.  Not all inquiry-based 

lessons and inquiry- and arts-based lessons will produce data exactly like this.  

However, in keeping that limitation in mind, I believe teachers and administrators on 

every level of teaching science may be able to utilize the theories produced from this 

research in the creation of their own inquiry and arts based curriculum. 

 A third limitation of this study was the lack of literature available on the 

methods of incorporating art into inquiry.  When I designed this curriculum, it had to 
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be completely innovative because, to my knowledge, there was no science curriculum 

available that integrated art and inquiry. Incorporating art and inquiry is an idea in its 

infancy.  While there is literature on specific lessons incorporating art into science, 

there is no literature on a complete art- and inquiry-based curriculum.   

A fourth limitation of this study was my assumption that students would be 

able to take the content of the lesson and independently apply it to a real life situation 

of their choosing within the reflective journal prompt.  The students were unable to 

accomplish this, so the findings from the students’ reflective journal entries were 

limited. 

The final limitation of the study concerns the data from the student artifacts. I 

had not anticipated that students worked in groups would just copy each other’s work, 

instead of collaborating on the project.  Also, some students looked up answers online 

in order to answer the post-test, even though they were instructed not to do so.  Other 

students did not turn in, or deliberately did not answer, certain questions.  No teacher 

has the ability to control the actions of the students.  These situations simply make my 

findings an authentic representation of what happens in laboratory settings. 
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CHAPTER V 

CONCLUSIONS 

Introduction 

Inquiry and art are connected, but the exact relationship between them is 

nebulous. This research study investigated how they are connected through examining 

part of a curriculum that fused art and inquiry.  The design for this research was 

framed by three questions about specific qualities of the IAB and IB curriculums: 

content knowledge, communication, and engagement.  This chapter shall address the 

research questions and then discuss the resulting theory.  

Research Question 1 

How does an inquiry and arts based (IAB) biology laboratory curriculum influence 

students comprehension of content knowledge when compared to an inquiry based 

(IB) laboratory curriculum? 

The findings of this research study indicated that IAB curriculum in this unit was 

more effective than the IB curriculum promoting the students construction of content 

knowledge and resolving misconceptions about the content. The inclusion of the arts 

component into the laboratory curriculum helped most students to understand the 

science content because students were able to use familiar ideas to anchor their 

knowledge and understanding.  The findings of other researchers (Bradbury, Frye, & 

Gross, 2013: Fels & Meyer, 1997: Kokkotas et al., 2010; Knox & Croft, 1997: Martin 

& Brouwer, 1991: McElroy, 2007: Noblit et al., 2009), that integrating the arts into 
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science curriculum increases the students science content knowledge, were supported 

and confirmed in this study. More importantly, the students in the IAB section also 

noted that this instructional strategy assisted them in learning the content knowledge. 

Research Question 2 

How does an inquiry and arts based (IAB) biology laboratory curriculum influence the 

communication skills of the student compared to an inquiry based (IB) biology 

laboratory curriculum? 

According to the results of this research study, the students in the IAB 

laboratory section exhibited more effective communication skills than the students in 

the IB lab section.  Unfortunately students the IB lab section had difficulty 

communicating science knowledge.  The inclusion of storytelling into the inquiry-

based curriculum helped the IAB lab students develop effective communication skills.  

This research study confirms the findings of others that incorporating the arts into 

science curriculum allowed the students to build science communication skills 

(Brooks & Nahmias, 2009; Fels, 1999; Norblit et al., 2009; Torke et al., 2004). 

Research Question 3 

How does an inquiry and arts based (IAB) biology laboratory curriculum influence the 

students’ interest and engagement in the laboratory activity when compared to an 

inquiry based (IB) laboratory curriculum? 

The findings of this study indicated a greater level of student 

engagement/interest for those students the IAB lab as opposed to those in the IB lab.  
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The inclusion of the arts in the science curriculum improved student 

engagement/interest in learning.  This conclusion confirms the idea that integrating the 

arts into science curriculum helps increase student engagement/interest (Bradbury et 

al., 2013: Cawthon et al., 2011; Fels & Meyer, 1997; Noblit et al., 2009). 

Although the findings of this study support previous research, this study also 

expanded the scope of the previous studies to include undergraduate biology lab 

courses. Previous studies had been conducted primarily at the middle school and 

elementary school level. Few studies have been conducted at the university level, and 

to my knowledge no studies have investigated integrating the arts into an 

undergraduate biology curriculum. 

Undergraduate science courses have been notoriously lecture and textbook 

driven (Brewer & Smith, 2011), and the need for a reform of this type of instructional 

method is paramount.  This study, and hopefully others like it to follow, may bring 

realization to the instructors of these courses of a need for change and a method to 

implement change.  In addition, there is no science curriculum on any level that is 

inquiry and arts based; this study hopes to be the foundation for inspiring such a 

curriculum. 

A holistic view of the research questions presented a big picture view of my 

conclusion about the IAB curriculum.  The inquiry and arts based curriculum helped 

students understand content, build science communication skills, and increase 

engagement/interest. This conclusion will hopefully inspire teachers, administrators 
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and policy makers at every level of science education to reevaluate the idea that 

inquiry-based only curriculum is best practice. 

The inquiry-based curriculum used in this study was insufficient for improving 

student’s content knowledge, communication skills, and did not help the students 

connect the content to real life situation.  This statement, when viewed in perspective 

of the literature about the ambiguity and lack of teacher understanding of inquiry 

(Buck et al, 2008; Lederman & Neiss, 2000; Melville et al., 2008; Moscovici & 

Holdlund-Nelson, 1998) puts the use of inquiry-based curriculum into a questionable 

status of “best practice” as it is promoted by HHMI (1996), NAS (2003), NRC (2003), 

and NSF (1996).  Inquiry-based curriculum is far superior to a traditional lecture based 

science classroom, but does not stand alone as the best way to teach science. I believe 

inquiry-based curriculum is an incomplete curriculum and must be supplemented by 

additional instructional methods.  One solution to supplementing the areas of 

weakness in the inquiry based curriculum is to integrate the arts into the science 

curriculum.  Current inquiry based science curriculum may not provide opportunities 

for students to develop communication skills, limits engagement/interest, and may 

inhibit the development of accurate content knowledge (Buck et al., 2008; Fayer et al., 

2011; Lederman & Niess, 2000; Melville et al., 2008; Minner et al., 2010; Sharma & 

Muzaffar, 2012).  Communication, in depth content knowledge, and student 

engagement/interest are important aspects of science curriculum that assist students in 

building the skills to become great scientists and doctors (Chan, 2011; Council on 
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Competitiveness, 1998; Norback, 2013; Krajcik & Sutherland, 2010; Rivard & Shaw, 

2000; Suzuki Laidlaw et al., 2006).  Since current science curriculum and instruction 

does not promote achievement of students in these critical areas, changes have been 

needed.  Integration of the arts is one solution to the problems facing science 

curriculum.  The findings from this study and review of the literature indicated that 

science curriculum should be integrated with the arts in order to maximize student 

achievement. 

Theory 

The second goal of this research study was to develop a curriculum theory 

about the complex relationship between inquiry and art.  The relationship between 

inquiry and art is complex.  This theory is an attempt to define and propose ideas 

about how inquiry and art intertwine.  I intend to continue to further pursue the 

refinement, testing, and evolution of this theory. 

The complementary theory of inquiry and art 

There is a natural and historical connection between inquiry and art.  Research 

has indicated a clear and positive relationship between art and education and art and 

science (Davis, 2008; Greene, 2000; Hadzigeorgiou & Stefanich, 2000; Herschbach, 

1996; Knox & Croft, 1997; Rowcliffe, 2004; Ruppert, 2006).  I prefer to think about 

this somewhat complex relationship between inquiry and art as complementary colors 

on the color wheel.  The colors yellow and blue are exactly opposite of each other on 

the color wheel, but as Goethe (1840) stated about complimentary colors, “When the 
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eye sees a colour it is immediately excited, and it is its nature, spontaneously and of 

necessity, at once to produce another, which with the original colour comprehends the 

whole chromatic scale” (p. 317).  The eye is stimulated by colors and often produces 

an afterimage, a shadowy opposite of the original.  When the brain is stimulated by 

science, it demands a way to express its discovery. The afterimage is art, a creative 

method of expression.  When the brain is stimulated by art, there is a shadowy 

afterimage of inquiry, wondering how and why the art is the way it is.  Art stimulates 

inquiry and inquiry stimulates art.  They are counterparts that are complementary in 

methods, skills, and thought processes.  The complementary theory of inquiry and art 

focuses on the curriculum as a seamlessly interwoven method of inquiry and art based 

upon their similar cycles of thinking.  A curriculum that has both science and art 

components is then based on this idea that inquiry and art are a complementary pair.  

This type of curriculum creates opportunities for students to learn, express and 

communicate science content and skills through artistic methods. 

Aesthetics and experience 

Art allows students to take something they may not see, touch, or hear and 

make it into something they, and others, can see, touch or hear.  Eisner (2005) stated, 

“Aesthetic experience, which is at the core of art, can be secured in the process of 

doing scientific research as well as in the satisfactions secured from its results” (p. 9).  

An aesthetic experience is defined the Merriam-Webster dictionary as a “beautiful 

direct observation of an event as a basis of knowledge” (Merriam-Webster’s online 
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dictionary, n.d.).  Inquiry can be defined by the same dictionary as “a systematic 

investigation of a matter of public interest” (Merriam-Webster’s online dictionary, 

n.d.).  Therefore, an aesthetic inquiry experience would be a beautiful investigation 

and observation into an event of public interest as the basis of knowledge construction.  

As the art form is created, the experiential knowledge of the inquiry-based event is 

imprinted into long term memory. In other words, when something concrete is created 

from the abstract, knowledge is formed. Greene (1995) noted, “It is important to make 

the point that the events that make up aesthetic experiences are events that occur 

within and by means of the transactions with our environment that situate us in time 

and space” (p. 378).  The processes of inquiry and the methods of crafting art seem to 

be similar.  This connection between inquiry and art can be deepened by an 

examination of the cycles of thought that accompany them.  

The parallel cycles of inquiry and art 

Davis (2005) stated that when an artist is at work, she is in a cycle of creating, 

reflecting, and refining.  This cyclic method of creating can be directly connected to 

the methodology of inquiry-based thinking.  Olson & Loucks-Horsley (2000) outlined 

the cycle of inquiry based on the National Science Education Standards.  The inquiry 

cycle is:  observes; defines questions from knowledge background; gathers evidence; 

uses previous research; proposes an explanation; publishes the explanation based on 

evidence; considers new evidence; adds to the explanation.  The correlation between 

the methods of inquiry and the creation of art are clear (see Table 15).  
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Table 15- The parallel cycles of inquiry and art 

 

Inquiry 

 

Art 

 

Inquiry and Art 

Experiment Create Craft 

(engagement/interest) 

 

Explain/Hypothesize Reflect Think (develop content) 

 

 

Present/Publish Perform//Display Communicate 

 

Research Recreate Refine (refine content) 

 

 

A scientist experiments and evaluates what he is looking at or what he has 

experienced.  He collects more data and researches the experience or observation and 

develops an idea to explain that observation/experience.  This idea is then constructed 

into a communicable format and presented and published.  Feedback is given to the 

scientist. Additional research is conducted to improve the aforesaid explanation and 

the cycle begins again.   

An artist is inspired by the world around her; she uses her senses and creates 

ideas from what she is experiencing.  She develops an idea about how she will create 

her art, what tools and materials are needed.  She may experiment with different 

methods of expressing her feelings and thoughts.  As she creates artwork, she reflects 

and imagines.  The artist then allows her art to be communicated to the world around 

her. She is proud of her creation.  The artist gets feedback on her creation and begins 

the creative cycle again.   
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Both the scientist and the artist are involved in the same type of activity at the 

same point in time.  The artistic cycle and the cycle of inquiry are one in the same. 

The scientist’s explanation can be likened to the creating of the artist’s artwork.  The 

scientists’ data collection and research is like the artist’s reflection on his/her art.  Both 

the artist and the scientist must communicate or share their work in order to make it 

valid and worthwhile.  The scientist always is looking for more information on his 

research, while the artist is always looking to perfect his/her work.  Both the scientist 

and the artist craft, think, communicate, and refine.  There is no difference in the cycle 

of innovation and imagination; the process is the same.  The complementary cycles of 

inquiry and art are illustrated in Figure 4. 

 

Figure 4- The complementary cycles of inquiry and art 

 

Inquiry 
and Art 

Craft 

Think 

Communicate 

Refine 
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Isaac Asimov (1983) stated,  

How often people speak of art and science as though they were two entirely 

different things, with no interconnection. An artist is emotional, they think, and 

uses only his intuition; he sees all at once and has no need of reason. A 

scientist is cold, they think, and uses only his reason; he argues carefully step 

by step, and needs no imagination. That is all wrong. The true artist is quite 

rational as well as imaginative and knows what he is doing; if he does not, his 

art suffers. The true scientist is quite imaginative as well as rational, and 

sometimes leaps to solutions where reason can follow only slowly; if he does 

not, his science suffers. (p. 116) 

Art and inquiry are a complementary pair.  When inquiry in the science curriculum is 

strong on content, art makes the content communicable and engaging.  When art in the 

science curriculum engages the student, inquiry gives a depth of content and more 

specific communication. Each part complements the other in creating a holistic and 

layered learning experience for the student. 

 When a science curriculum is written based upon the idea of the 

complementary theory of inquiry and art, the students will benefit not only in the areas 

my own students benefitted from my integration of art and inquiry, but possibly in 

many other areas as well. 

Self Study Findings and Reflection 

I recall being surprised when I saw a quiet student engaged and involved in 

creating props and a story about enzymes.  He was very quiet most of the time in class, 

but this time I actually heard his voice above the others in his group.  Previously he 

had been subdued in the lab activities and obviously nervous and uncomfortable with 

the lab equipment.  I was shocked by his confidence body language and the smile on 
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his face.  The art of storytelling allowed this student to move from regarding science 

as an intimidating beast.  Science was now personal, creative, and interesting.  This 

incident supported my changing view of science and art.  Art was student friendly: 

science was not.  Science can be intimidating in that it appears to promote a type of 

thinking that insinuates there is only one single correct answer.  Art is more 

personalized and suggests an atmosphere of acceptance.   

As a science teacher, this self-study made me realize that science is a subject 

area that is inherently overwhelming.  In my experience of teaching science, I have 

unwittingly carried the totalitarian attitude of science and perpetuated that theme in 

my classroom.  When science is taught as an authoritative body of facts, there limited 

opportunity for the student to construct knowledge.  When inquiry-based curriculum is 

implemented with an imperious attitude, there are limited opportunities for students to 

construct knowledge.  Upon reflecting upon my role as a science teacher, I saw where 

I had made a terrible mistake in the past.  When art is excluded from science, 

creativity is lost, student ideas are devalued, and true inquiry is limited.  As I watched 

and listened to my student blossom and work with his group on the enzyme story, I 

realized the true importance of the inclusion of art into inquiry.  Excluding art in my 

science classes is no longer an optional thing for me.  In my own teaching practice, I 

will work to include art into my lessons.   

My own personal instructional design has already changed because of the 

results of this study.  My lesson designs now try to include arts based activities in 
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order to maximize learning for my students.  This is not always possible, but I now see 

more options than before. The findings of this study indicated students understand 

content better when arts are incorporated into the lesson, communicated their 

knowledge in a more effective ways through arts-based activities, and usually showed 

more engagement and interest in the content and activity when there is an arts 

component of the lesson.  One goal of a teacher self-study has been to share findings 

with other teachers to inspire change (Mills, 2014; Samaras, 2011).  In accordance 

with this goal I will promote the following ideas for when working with other science 

educators: 

1.   Incorporate a single arts based science activity in your classroom and 

evaluate the results. 

2.   Reflect on your own presentation of science and consider how you can 

make lessons dynamic or innovative, instead of focusing on just the 

facts.  

3.   Evaluate your school’s inquiry-based curriculum and determine how to 

better meet the goals of your program. 

As a science teacher, when I began to observe how my students constructed 

knowledge in my own classroom, that is when I grew most as a teacher.  I encourage 

all science teachers to try this same reflective practice. 
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Recommendations 

Mills (2014) and Samaras (2011) stated the importance of dissemination of the 

findings of a self study.  One of the goals of this study is to help science teachers 

refine their own instruction and for curriculum writers to reform science curriculum.  

Four recommendations for science curriculum and instruction reform are discussed 

below. 

Recommendation 1 

Academia needs to specifically define inquiry based instructional methods and 

curriculum.  There exists too many ambiguous definitions, types of inquiry, and 

impersonators in science curriculum (Buck et al., 2008; Chinn & Malhotra, 2002; 

Lederman & Neiss, 2000; Melville et al., 2008; Minner et al., 2009; Nelson & 

Moscovici, 1998).  For inquiry to be improved, it must be defined.  Defining inquiry 

will be challenging due to a historical lack of clarity and misuse.  However, if inquiry 

is “best practice” then specific inclusion and exclusion criteria for inquiry-based 

curriculum must be developed.  This criterion for inquiry must be accepted by 

academia and internationally utilized.  The definition must be taught to current and 

pre-service science teachers in order for them to be able to teach inquiry effectively 

and be able to recognize impersonators.  It is an urgent recommendation of this study 

that academia develops a specific definition for inquiry and a criterion to assess if a 

curriculum is actually inquiry-based. 
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Recommendation 2 

Inquiry needs to be reevaluated with a more critical eye by academia as best 

practice for teaching science.  As the findings of this study indicated, inquiry-based 

curriculum may not always produce the promised results, and in fact may have serious 

weaknesses.  Some of the weaknesses of inquiry-based curriculum in the findings of 

this study include a lack of resolution of student misconceptions, little recognition of 

student engagement/interest, and no opportunity for students to build communication 

skills.  Research findings also indicated inquiry has weaknesses (Buck et al., 2008; 

Lederman & Neiss, 2000; Minner et al., 2009).  Between the examination of the 

literature and the findings of this study, the term “best practice” for inquiry is 

questionable at best.  Inquiry must be researched further to determine its strengths and 

weaknesses.  It is a recommendation of this study that inquiry should no longer be 

labeled as “best practice”. 

Recommendation 3 

Science curriculum designers and writers must cease to narrowly focus on 

content and instead incorporate communication building exercises, real life 

application, and methods of instruction that are designed to be engaging and 

interesting to the students.  Content knowledge cannot be the primary goal of science 

curriculum.  The development of content is vitally important in science, but it is 

meaningless if it cannot be communicated or applied.  Science curriculum with a 

narrow focus on content produces insufficient results in students who are pursuing a 

goal in the fields of science or medicine.  Inclusion of opportunities for student 
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communication, collaboration, and imagination in science curriculum have been called 

for by researchers because they are identified as important characteristics of successful 

scientists and medical personnel (Chan, 2011; Council on Competitiveness, 1998; 

Gormally et al., 2011; Norback, 2013; Krajcik & Sutherland, 2010; Rivard & Shaw, 

2000; Suzuki-Laidlaw et al. 2006).  The inquiry and arts based curriculum allowed 

students to build communication skills and the students showed more 

engagement/interest in what they were doing.  It is a recommendation of this study 

that science curriculum with a sole focus on content should cease to be used in every 

level of science instruction. 

Recommendation 4 

The historical and natural connection between the arts and science needs to be 

reaffirmed by professors and instructors of science.  From Leonardo Da Vinci’s 

artistic and scientifically accurate anatomy sketches, to the storytelling of The Elegant 

Universe (Greene, 1999), there is an undeniable natural connection between science 

and art.  Scientists, doctors, and educators at all levels should be aware of this 

connection.  In addition, the connections between art and science should be taught in 

every science classroom.  It is the recommendation that all science degrees have a 

course requirement that investigates the natural and historical connection between 

science and art. 
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Suggestions for further research 

There is a lack of research about the merits of inquiry as a standalone 

instructional method, as much of the research on inquiry compares it to traditional 

lecture based instructional methods (Anderson, 2002; Lederman & Niess, 2000).  Due 

to the ambiguous nature of inquiry (Buck et al., 2008; Minner et al., 2010) and the 

lack of knowledge of teachers who are implementing inquiry based instruction (Buck 

et al., 2008; Lederman & Neiss, 2000; Melville et al., 2008; Moscovici & Holdlund-

Nelson, 1998), researchers and educators should be encouraged to examine the 

specific strong points and weaknesses of inquiry as a stand-alone instructional method.  

These examinations should be specific, in depth, and preferable longitudinal in design. 

These studies can become foundational to the improvement and definition of inquiry.   

Secondly, science educators must develop a universal definition for inquiry 

that can be agreed upon by. Currently, inquiry has been loosely defined and 

interpreted. This makes the concept difficult to study.  The word inquiry has been 

misused and misimplemented (Buck et al, 2008; Lederman & Neiss, 2000; Melville et 

al., 2008; Minner et al., 2009).  Researchers need to pinpoint specific characteristics of 

an effective inquiry based curriculum, so that teachers are not misled by textbooks and 

curricula that label themselves with the word inquiry, when in reality they are not 

inquiry based.  Until that point, the term inquiry should not be identified as “best 

practice” for teaching science. 

Finally, hybrid instructional methods combining inquiry and other instructional 

techniques, such as incorporating the arts and technology, need to be researched. 
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Science concepts have been long represented by art, like the incredibly accurate 

drawings of birds by famous ornithologist John James Audubon and the revolutionary 

double helix design of DNA attributed to Watson and Crick.  Educational research 

should investigate innovations that combine science and art.  With the advancements 

of technology, art is easily produced and unique materials are readily available.  

Currently, there are middle school students who use gaming technology to fuse 

science and art.  In the popular survival and role-play computer game, Minecraft, there 

are gamers that have created working grand pianos (Minecraftfurniture.net, 2014) 

from square blocks of various substances.  Minecraft has also been used in the 

classroom to teach biology, chemistry, and physics (Short, 2012).  Because of 

technology, incredibly imaginative options are available development of hybrid 

inquiry and art based curriculum and instruction.  Who knows what science 

curriculum and instruction will look like in the future?  Imagine what da Vinci, 

Audubon, or Watson and Crick could have done with the technology available today. 

The results of this study, and others that I have cited in the literature review, 

indicated that students would benefit greatly from a combined science and art 

curriculum.  This study creates a platform for future research focusing on how the arts 

and sciences can be combined.  Future studies must identify the roles of inquiry and 

art as a unified curriculum and explore innovative methods of combining science and 

inquiry. 
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Conclusion 

This study has illuminated the benefits of incorporating the arts into an 

undergraduate biology curriculum.  Students can and do benefit in the areas of content 

knowledge development, science communication skills, and engagement/interest when 

the arts are incorporated into science.  Science education must go beyond inquiry and 

embrace the unconventional union of inquiry and arts in curriculum. 

The reconciliation between science and art is happening now.  Art and science 

synthesis such as theoretical physicist Brian Green’s (1999) book, The Elegant 

Universe, is a perfect example of how culture is changing.  The days of empirical 

lecturing to teach science are numbered.  We are evolving, and science education must 

evolve as well. 
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APPENDIX B- RAW DATA SAMPLES WITH CODING 

Table 16- Example of Pre and Post Tests and Coding Categories 

Student 

Identifier 

IAB. EN1. PR IAB. EN1. PO Coding 

24.1 They bind to the 

substrate to speed up the 

energy process 

Enzymes function as 

catalysts, to speed up the 

rate at which metabolic 

processes and reactions 

occur in living organisms 

Student began with 

general knowledge 

about enzymes and 

developed more in 

depth knowledge. 

25.1 It breaks down molecules breaks down substrate 

with the use of energy 

General to more in 

depth 

30.1 The substrate that 

requires the assistance of 

an enzyme binds to the 

active site and it then 

acted upon by the 

enzyme to form the new 

byproduct of that specific 

enzymatic reaction 

substrate binds to the 

active site of the enzyme 

the substrate then goes 

through hydrolysis and the 

products of the hydrolased 

enzyme is two separate 

monomers 

Good to 

misconception 

32.1 They help carry thing in 

different pathways to 

carryout a function 

Enzymes are proteins that 

allow certain chemical 

reactions to take place 

much quicker than the 

reaction would occur on 

their own.  It process a 

product 

Misconception to 

resolved 

misconception 

35.1 Enzymes speed up the 

rate of reactions by 

adding something to 

them 

Enzymes act as catalysts 

by increasing the rate of a 

chemical reaction 

General knowledge to 

more in depth 

knowledge 

37.1 an enzyme helps break 

down molecules 

The more concentration of 

the substrate the faster the 

reaction and at a higher 

level 

Good pre-test, 

misconception on 

post-test 

 
 


