
ABSTRACT 

 

Ninth Grade Students’ Understanding of Diffusion and Osmosis after Participation in 

Direct or Inquiry-Based Lessons:  A Mixed Methods Study 

 

Erin M. Dixon, Ph.D. 

 

Mentor:  Suzanne J. Nesmith, Ph.D.

 

 

 In this embedded mixed methods case study, quantitative and qualitative data 

were collected to assess the impact of direct and inquiry instruction on students’ 

understanding of diffusion and osmosis.  Participants of this study were 44 ninth grade 

students from an inner city charter school in Central Texas.  Twenty-three of these 

students participated in direct instruction lessons on diffusion and osmosis; 21 

participated in inquiry-based lessons on diffusion and osmosis.   

 The quantitative phase, which was conducted first, addressed students’ 

understanding of diffusion and osmosis after participation in either direct or inquiry-

based instruction.  Two different instruments were used to gather quantitative data:  a 

diffusion Concept Evaluation Statement (CES) and the Diffusion and Osmosis Diagnostic 

Test (DODT).  The CES describes a science-related scenario and asks students to provide 

an explanation of the phenomenon described in the statement.  The DODT consists of 12 

two-tier multiple choice items.  For the CES data, more students in the inquiry group 

achieved a sound or partial level of understanding than did students in the direct group.  

Both groups experienced small, although significant, improvement in their overall DODT 



scores, and the difference between groups was not significant.  A closer analysis of 

individual DODT items revealed differences in the types of common misconceptions 

expressed by each group.   

 The purpose of the qualitative phase was to provide insight into the quantitative 

results.  Written surveys and focus group interviews were conducted to examine various 

factors of direct and inquiry-based instruction that influenced students’ understanding of 

diffusion and osmosis and performance on the CES and DODT.     Students in both 

groups found laboratory and hands-on activities to be beneficial in improving their 

understanding of diffusion and osmosis.  Students in the direct group also liked the use of 

graphic organizers and electronic response systems and reported that the repetitive nature 

of direct instruction helped them to understand diffusion and osmosis.  Students from the 

inquiry group benefitted from group work and discussions and reported that inquiry-

based instruction required them to think about the information in a different way because 

they had to make sense of their observations on their own, rather than being explicitly 

told the new information.
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CHAPTER ONE 

 

Introduction

 

 

Overview of the Issues 

 

 

Scientific Literacy  

 

 In Science for All Americans, the American Association for the Advancement of 

Science (AAAS) presents its “recommendations on what understandings and ways of 

thinking are essential for all citizens in a world shaped by science and technology” 

(Rutherford & Ahlgren, 1989, p. xiii).  It is important to note that these suggestions are 

for all citizens, not just scientists or individuals working in science-related fields.  The 

Internet provides individuals with unlimited access to scientific and technological 

information.  Scientifically literate individuals have the ability to interpret this 

information and, more importantly, determine its validity.  As Bock (2011) explains, 

“Developing a curiosity and appreciation for science (and an understanding of the process 

involved in sound scientific research) is essential to an effective citizenry. Equally 

important is a discriminating, questioning eye and ear for the science information we 

consume” (para. 4).  It is the goal of the AAAS and science organizations that all 

individuals possess the following traits: 

 Being familiar with the natural world and respecting its unity; 

 

 Being aware of some of the important ways in which mathematics, 

technology, and the sciences depend upon one another; 

 

 Understanding some of the key concepts and principles of science; 

 

 Having a capacity for scientific ways of thinking; 
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 Knowing that science, mathematics, and technology are human enterprises, 

and knowing what that implies about their strengths and limitations; and 

 

 Being able to use scientific knowledge and ways of thinking for personal and 

social purposes.  (Rutherford & Ahlgren, 1989, p. xvii-xviii) 

 

Although an understanding of scientific concepts and principles is only one of the 

criteria of scientific literacy, it is impossible to achieve the others without it.  For many 

individuals the extent of their formal science instruction occurs during their K-12 

education; therefore, national and state standards documents should ideally provide a 

snapshot of the science understandings of the average American.  According to the 

National Science Education Standards (NSES) and the Texas Essential Knowledge and 

Skills (TEKS), students should have an understanding of physical, life, and Earth and 

space science concepts (National Research Council [NRC], 1996; Texas Education 

Agency [TEA], 2009).  Despite these clearly-articulated standards, many Americans 

possess science misconceptions.  Darling-Hammond (2008) defines misconceptions as 

individuals’ ideas about the world that do not line up with scientific explanations.  

Individuals of all ages have misconceptions (Lazarowitz & Lieb, 2006; Mayer, 2011; 

Olson, 2004; Sendur, 2012; Thompson & Logue, 2006).  Additionally, these 

misconceptions span all science disciplines (King, 2010; Ozden, 2009; Thompson & 

Logue, 2006; Trundle & Troland, 2005).     

 Students bring their prior misconceptions with them into the science classroom.  

These ideas can interfere with the development of scientifically accepted understandings 

and are often very resistant to change.  Simply presenting the correct explanation to 

students is insufficient for convincing them to accept this view (Darling-Hammond, 

2008).  Information must be presented to students in a manner that promotes conceptual 
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change by first causing dissatisfaction with their current understandings and then 

allowing them to see how new scientific conceptions are intelligible, plausible, and useful 

in a variety of new situations (Brunsell & Marcks, 2008; Llewellyn, 2005).    

Call for Inquiry 

Many science experts recommend inquiry as a powerful instructional method for 

confronting student misconceptions and promoting conceptual change.  Two publications 

by the AAAS, Science for All Americans (Rutherford & Ahlgren, 1989) and Benchmarks 

for Science Literacy (AAAS, 1993), describe the importance of inquiry in moving toward 

the goal of nationwide scientific literacy.  According to Science for All Americans 

(Rutherford & Ahlgren, 1989): 

There simply is no fixed set of steps that scientists always follow, no one path that 

leads them unerringly to scientific knowledge.  There are, however, certain 

features of science that give it a distinctive character as a mode of inquiry.  

Although those features are especially characteristic of the work of professional 

scientists, everyone can exercise them in thinking scientifically about many 

matters of interest in everyday life. (p. 5) 

 

The NSES (NRC, 1996) also highlight inquiry as an important instructional method.  

Inquiry and the National Science Education Standards, an addendum to the NSES, serves 

as a guide for teachers and administrators who wish to increase their use of inquiry in the 

classroom through the provision of descriptions of the essential features of inquiry that 

apply across all grade levels: 

 Learners are engaged by scientifically oriented questions. 

 

 Learners give priority to evidence, which allows them to develop and evaluate 

explanations that address scientifically oriented questions. 

 

 Learners formulate explanations from evidence to address scientifically 

oriented questions. 
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 Learners evaluate their explanations in light of alternative explanations, 

particularly those reflecting scientific understanding. 

 

 Learners communicate and justify their proposed explanations. (NRC, 2000, 

p. 25) 

 

For the purposes of the present study, inquiry-based instruction is defined as an 

instructional method in which students use the techniques and thought processes of 

scientists to build their conceptual understanding under the guidance of the teacher. 

Despite the widespread emphasis on inquiry instruction, studies suggest that it is 

not widespread in K-12 classrooms.  For example, Marshall, Horton, Igo, and Switzer 

(2007) administered a survey to over 1,000 K-12 mathematics and science teachers from 

a large school district in the southeastern United States.  The teachers reported that they 

used inquiry-based methods less than 30% of instructional time.  As part of a series of 

case studies, Stake and Easley (1978) visited classrooms in 11 school districts throughout 

the U.S.  Only three classrooms utilized inquiry-based instructional methods as defined 

by their criteria.  This study was conducted prior to the publication of the AAAS’s 

Science for All Americans and Benchmarks for Science Literacy and the NRC’s NSES, 

but it is doubtful the situation has changed much in the last three decades.  Subsequently, 

in place of inquiry, many of today’s science classrooms abound with direct instruction, an 

instructional method in which concepts to be learned are presented explicitly by the 

teacher to the students.  

Problem Statement 

 Well-rounded science instruction requires both direct and inquiry-based 

instruction, as each has a specific role in building students’ science literacy.  According 

to Bass, Contant, and Carin (2009), direct instruction is appropriate for “providing 
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background knowledge, giving directions, teaching specific skills, inventing concepts and 

skills in the explain phase of the 5E model, applying them to new situations in the 

elaborate phase of the model, and summarizing inquiries” (p. 104).  Inquiry approaches, 

on the other hand, are recommended for helping students develop deep conceptual 

understanding of science topics and inquiry abilities.   

Although direct teaching methods involve the teacher presenting information to 

students, this type of instruction can still be a very active and hands-on process for 

students (Bass et al., 2009).  In reality, however, direct instruction often requires that 

students take a passive role and places a heavy emphasis on rote learning and use of the 

textbook (Anderson, 2002; Cobern et al., 2010).  Students can experience knowledge 

gains from any type of instruction that allows them to actively engage with and 

experience science concepts.  As Cobern et al. (2010) explain, “It is evident that 

‘experientially-based’ instruction and ‘active student engagement’ are advantageous for 

effective science learning” (p. 2).  One major criticism of previous studies comparing the 

two approaches is that the direct instruction often represents “passive, non-experiential 

learning” (Cobern et al., 2010, p. 2).  The issue to be considered in this study is whether 

well-designed direct instruction can have the same impact on student understanding as 

inquiry-based instruction.  Students in both the direct instruction group and the inquiry 

group will be actively engaged in the learning process focused on the same science 

concepts; the difference will be the manner in which concepts are revealed to students.  

For the direct instruction lessons, the teacher will explicitly present ideas for students.  

For the inquiry lessons, the teacher will serve as a facilitator to guide students in 

uncovering and articulating scientific concepts for themselves.    
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Theoretical Framework 

 Direct instruction and inquiry-based instruction have roots in two different 

learning theories.  Direct instruction is based on behaviorism (Bass et al., 2009; Goeke, 

2009; Joyce, Weil, & Calhoun, 2009; Ormond, 2008).  According to Joyce et al. (2009),  

The instructional design principles [behavioral theorists] propose focus on 

 conceptualizing learner performance into goals and tasks, breaking these tasks 

 into smaller components, developing training activities that ensure mastery of 

  each subcomponent, and, finally, arranging the entire learning situations into 

 sequences that ensure adequate transfer from one component to another and 

 achievement of prerequisite learning before more advanced learning.  (p. 367)   

 

This description provides valuable insight on the sequence of a direct instruction lesson.  

Most direct instruction lessons include the following steps:  (1) launch, (2) objectives and 

purpose, (3) instructional input, (4) guided practice, (5) independent practice, and (6) 

closure (Bass et al., 2009).  Each of these steps is based on behaviorist principles.  The 

first two steps, launch and objectives and purpose, allow the teacher to focus students’ 

attention on the desired learning outcomes.  The instructional input, guided practice, and 

independent practice provide for a very natural progression in which the teacher 

gradually releases control and allows students to become more independent as they show 

increasing mastery of the content.  The closure serves as a final way to check that 

learning goals have been accomplished.    

 Inquiry is based on constructivism.  According to this theory, learning is much 

more complex than simply taking in new information; it involves constructing knowledge 

and restructuring that knowledge to fit with existing schema and prior conceptions and 

experiences (Joyce et al., 2009).  There are two main branches of constructivism:  

cognitive and social (Spronken-Smith, 2007).  Piaget’s ideas form the basis of cognitive 

constructivism; he proposed that individual experiences lead to knowledge through the 
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construction of schema.  Social constructivism, which emphasizes the importance of the 

social context for learning, is based on the work of Vygotsky.  Effective teaching 

incorporates aspects of both forms of constructivism and provides learning experiences 

that: 

 build on what students already know so they can make connections to their 

existing knowledge structures; 

 

 encourage students to become active, self-directed learners; 

 

 provide authentic learning opportunities; and 

 

 involve students working together in small groups.  (Spronken-Smith, 

2007, pp. 6-7)  

 

Inquiry-based teaching methods meet all of the criteria for constructivist instruction.  

Inquiry-based learning cycles give students opportunities to explore scientific phenomena 

before any formal class discussion or questioning by the teacher takes place.  This 

ensures that students have at least one experience with the scientific phenomenon to be 

studied, even if they are just encountering it for the first time as part of the lesson.  For 

students who have prior experience with the concept, inquiry instruction allows them to 

make new observations and to make connections to their previous ideas.  Because 

inquiry-based learning often takes place in a collaborative setting, students are able to 

help each other in building their understanding.     

Purpose of the Study 

 The purpose of this study was to compare the impact of direct instruction and 

inquiry-based instruction on students’ understanding of diffusion and osmosis.  These 

concepts were chosen as the content to be taught and assessed in this study because of 

their centrality to biology and connection to other science disciplines (Odom, 1995; 
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Westbrook & Marek, 1991).  Students must have an understanding of diffusion and 

osmosis before moving onto topics such as short distance transport in cells, water uptake 

by plants, turgor pressure, water balance in aquatic species, permeability, and the 

particulate nature of matter.   

 Two different instruments were used to assess student understanding:  the 

multiple- choice Diffusion and Osmosis Diagnostic Test (DODT) and a constructed 

response Concept Evaluation Statement (CES).  Multiple choice questions are often 

criticized as requiring simple recall of information (Martinez, 1991).  Constructed 

response items, on the other hand, are thought to require a deeper understanding of the 

content since students must provide the answer without the help of a list of options (Ko, 

2010).  Students in both groups received quality instruction specifically designed to cover 

the content on which they were assessed.  It was hypothesized that there would be no 

significant difference between groups for mean scores on the DODT.  Students in both 

groups participated in lessons that introduced them to and provided them with 

opportunities to apply the concepts tested on the DODT.  Because the DODT is a 

multiple choice test, students simply had to recognize and select the correct response 

based on their experiences during the direct or inquiry lessons.  For the CES, however, it 

was hypothesized that students in the inquiry-based group would perform better and have 

fewer misconceptions than students in the direct group.  This is because students in the 

inquiry-based group were required to construct their understanding of diffusion and 

osmosis throughout the lessons; the nature of inquiry-based instruction provided students 

with many more opportunities to articulate their understandings throughout the unit. 
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Additionally, this study examined elements of direct and inquiry-based instruction 

that impact learning.  Qualitative data consisting of open-ended surveys and focus group 

interviews were collected and analyzed to explore aspects of the two instructional 

methods that enhanced or hindered student understanding, such as laboratory activities, 

note-taking, class discussions, and group work. 

Significance of the Study 

 Previous studies have measured students’ understanding of and misconceptions 

about diffusion and osmosis.  Many of these studies use the DODT, the diffusion CES, or 

other similar instruments (Marek, 1986; Odom, 1995; Odom & Barrow, 1995; Odom & 

Kelly, 2001; Simpson & Marek, 1988; Westbrook & Marek, 1991).  These studies have 

been conducted to make comparisons among the following:  students in different grade 

levels, biology majors and non-majors, students from small schools and large schools, 

student understanding before and after instruction, and students who have participated in 

different types of instruction.  This study also compared students who have participated 

in two different types of instruction; what makes this study unique is that it used both the 

DODT and the diffusion CES to measure student understanding and also examined 

instructional factors that impacted students’ understanding.  Because both groups 

received quality instruction, it was assumed that students in both groups would show 

improvement in their understanding of diffusion and osmosis.  Using the DODT and the 

diffusion CES allowed the researcher to examine the impact of the two instructional 

approaches on students’ performance on both a multiple choice test and a constructed 

response question.  The qualitative data provided additional insight into instructional 
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factors that impact students’ understanding of diffusion and osmosis and performance on 

the two assessment instruments. 

Delimitations and Limitations 

 This study was conducted within very specific boundaries, including the location, 

participant sample, and the time frame.  The study was conducted at Charter High School 

(pseudonym) in a moderately-sized urban city in central Texas.  Participants included all 

ninth grade students enrolled in biology for the 2014-2015 school year.  There were a few 

tenth grade students enrolled in these classes; however, they were not included in the 

study because they were taking biology for a second time or may have taken other high 

school level science classes (ex: chemistry) that might have impacted their understanding 

of diffusion and osmosis.  All quantitative and qualitative data for the study were 

collected during the first nine weeks of the 2014-2015 school year (August 13 – October 

17, 2014).   

 The main limitation of this study was the relatively small sample size.  This made 

it difficult to detect significant differences between the direct and inquiry-based 

instruction groups on the two different assessment instruments.  Additionally, this 

affected the generalizability of the results to other groups.  Another limitation was that 

the researcher was also the teacher of the biology classes included in this study.  This 

increased the chance of bias being incorporated into the study, but the teacher/researcher 

took multiple precautions to prevent this through the use of data triangulation, member 

checking, and external audit. 
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Research Questions and Hypotheses 

 The overarching question for this study was:  Is there a difference in the level of 

understanding of diffusion and osmosis for students exposed to inquiry-based lessons 

compared to those exposed to direct instruction lessons?  The following sub-questions 

guided the quantitative phase: 

 (Q1) Is there a relationship between ninth grade biology students’ understanding of 

 diffusion as measured by their response to a CES and their participation in either 

 direct instruction or inquiry-based instruction? 

(Q2) Is there a relationship between ninth grade biology students’ performance on the 

 DODT and their participation in either direct or inquiry-based instruction? 

These two quantitative questions translated into the following hypotheses: 

(H1) Students who participate in inquiry-based lessons will score higher on the CES 

 compared to students who participate in direct instruction lessons. 

(H2) There will be no difference in scores on the DODT for students who participate in 

 inquiry-based lessons and students who participate in direct instruction lessons. 

These sub-questions guided the qualitative phase: 

(Q3) What are the factors of inquiry-based instruction that impact a student’s level of 

 understanding of diffusion as measured by CES response and performances on the 

 DODT? 

(Q4) What are factors of direct instruction that impact a student’s level of 

 understanding of diffusion as measured by CES response and performance on the 

 DODT? 

 



12 
  

Methodology 

Selection of Site and Participants 

 Charter High School was purposely selected as the site for this study because the 

researcher is a science teacher at the school.  Charter High School had four freshman-

level biology classes during the 2014-2015 school year; the researcher was also the 

biology teacher at Charter High School during this time.  Participants for the study 

included all ninth grade students enrolled in these classes (n = 44). 

Design 

 An embedded mixed methods case study design was used for this study.  This 

design was chosen because the population and the time frame for the study were bounded 

by specific criteria and because different types of data were required to address the 

research questions (Creswell, 2007; Creswell & Plano Clark, 2011).  To address the first 

two research questions, a quasi-experimental design was used.  Two biology classes were 

randomly assigned to receive direct instruction on diffusion and osmosis, and the other 

two classes received inquiry-based instruction.  Students in all classes completed the CES 

and the DODT before and after instruction on diffusion and osmosis.  Qualitative data in 

the form of open-ended surveys and focus group interviews were gathered to address the 

last two research questions.  

Data Collection 

 Quantitative and qualitative data were collected for this study.  Two different 

instruments were used to gather quantitative data:  CES responses and the DODT.  CESs 

describe a science-related scenario and ask students to provide an explanation of the 
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phenomenon described in the statement (Marek, 1986; Simpson & Marek, 1988).  CESs 

have been used to in previous studies to examine students’ understanding of a variety of 

science concepts, including cells, diffusion, homeostasis, classification of plants and 

animals, and food production in plants (Marek, 1986; Simpson & Marek, 1988; 

Westbrook & Marek, 1991; Westbrook & Marek, 1992).  The DODT consists of “12 

two-tier multiple choice items” (Odom & Barrow, 1995, p. 45).  The first tier questions 

(designated as “a”) address content knowledge, and the second tier questions (designated 

as “b”) require participants to select a reason for their answer to the first tier question.  

(See Appendix A for the DODT.)  Students provided a response to the diffusion CES and 

completed the DODT both before and after participation in lessons about diffusion and 

osmosis.  (See Appendix B for a detailed sequence of lesson activities.) 

 Qualitative data consisted of open-ended surveys and focus group interviews.  

These surveys and interviews, which were conducted after the quantitative phase, asked 

students to reflect on their experiences with either direct or inquiry-based instruction and 

were used to provide insight on how factors specific to each type of instruction impacted 

student understanding.  (See Appendix C for the survey instrument; see Appendix D for 

the focus group interview protocol.) 

Data Analysis 

The researcher used a Concept Evaluation Scheme (CESCH) to classify students’ 

responses to the diffusion CES by the following levels of understanding:  complete 

understanding, sound understanding, partial understanding, partial understanding, partial 

understanding with specific misconception, specific misconception, and no understanding 

(Westbrook & Marek, 1991).  Number of responses for the different levels of 
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understanding were calculated, and the pretest and posttest data were compared within 

groups and between groups.  Additional information was obtained from the CES data by 

categorizing the types of misconceptions contained in student responses. 

Items on the DODT were evaluated for various response combinations for the two 

tiers of questions (only tier 1 correct, only tier 2 correct, both tiers correct).  Items on the 

DODT were only scored as correct if both tiers were answered correctly; overall scores 

were determined by calculating the percentage of correct items out of the 12 total items.  

The mean and standard deviation of pretest and posttest scores was calculated.  A two-

factor analysis of variance (ANOVA) was conducted to determine the significance of the 

timing (pretest versus posttest) and instructional methods (direct versus inquiry) on 

DODT scores.  The researcher also conducted an item-analysis by examining first-tier 

and second-tier answer combinations in order to gain insight on students’ misconceptions 

about diffusion and osmosis.  

Qualitative data analysis began with transcription of open-ended surveys and 

focus group interviews.  The researcher used a constant comparative method consisting 

of open coding, axial coding, and selective coding to analyze the transcripts.  Processes to 

ensure the credibility of the qualitative data included triangulation, member checking, 

and external audit.   

Definition of Key Terms 

Concept Evaluation Statement (CES).  Describes a science-related scenario and asks 

students to respond to specific questions or provide an explanation of the phenomenon 

described in the statement.  This assessment instrument requires students to produce a 

constructed response (Marek, 1986). 

 

Constructed response.  Assessment items that require students to develop a response 

rather than choose from a list of options (Martinez, 1991). 
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Diffusion and Osmosis Diagnostic Test (DODT).  Consists of “12 two-tier multiple 

choice items” to assess students’ understanding of diffusion and osmosis (Odom & 

Barrow, 1995, p. 45).  The first tier questions (designated as “a”) address content 

knowledge, and the second questions (designated as “b”) require participants to select a 

reason for their answer to the “a” question (Odom & Barrow, 1995). 

 

Direct instruction.  An instructional method in which concepts to be learned are 

presented explicitly by the teacher to the students.  A typical direct instruction lesson 

includes the following steps:  (1) Launch, (2) Objectives and purpose, (3) Instructional 

input, (4) Guided practice, (5) Independent practice, and (6) Closure (Bass et al., 2009).     

 

Inquiry-based instruction.  An instructional method in which students use the techniques 

and thought processes of scientists to build their conceptual understanding under the 

guidance of the teacher.  The 5E Model is often used for inquiry-based instruction; the 

steps of this model include the following:  (1) Engage, (2) Explore, (3) Explain, (4) 

Elaborate, and (5) Evaluate (Bass et al., 2009).
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CHAPTER TWO  

 

Literature Review

 

 Reform efforts and standards documents of the last three decades commonly 

recognize the importance of scientific knowledge, skills, and abilities in an increasingly 

science- and technologically-driven society and call for improved science literacy for all 

citizens (American Association for the Advancement of Science [AAAS], 1993; Next 

Generation Science Standards [NGSS] Lead States, 2013; National Research Council 

[NRC], 1996; Rutherford & Ahlgren, 1989).  Many individuals possess ideas that do not 

agree with scientifically accepted understandings, thereby inhibiting their science 

literacy, and students bring these misconceptions with them into the classroom. In order 

to help students recognize their misconceptions and develop scientifically accepted 

understandings, teachers rely on various instructional approaches to present new 

information and various assessment techniques to measure students’ understanding and 

misconceptions.  The purpose of this chapter is to provide an overview of the literature 

related to science literacy and misconceptions and the instructional approaches and 

assessment methods used in the present study.  The specific aims of this chapter include 

the following:  (1) to define science literacy and explain the extent of science 

misconceptions; (2) to define direct and inquiry instruction, provide a detailed description 

of the steps of both instructional approaches, and discuss the strengths and limitations of 

both approaches; (3) to examine previous studies in support of either direct or inquiry 

instruction; and (4) to describe the two different types of assessment used in the present 

study, fixed response and constructed response.   
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Science Misconceptions 

Scientific literacy is a multi-faceted construct, as demonstrated by the following 

list of traits that the AAAS desires that all individuals possess: 

 Being familiar with the natural world and respecting its unity; 

 

 Being aware of some of the important ways in which mathematics, 

technology, and the sciences depend upon one another; 

 

 Understanding some of the key concepts and principles of science; 

 

 Having a capacity for scientific ways of thinking; 

 

 Knowing that science, mathematics, and technology are human enterprises, 

and knowing what that implies about their strengths and limitations; and 

 

 Being able to use scientific knowledge and ways of thinking for personal and 

social purposes.  (Rutherford & Ahlgren, 1989, p. xvii-xviii) 

 

This description emphasizes the personal benefits of scientific literacy; however, more 

recent reforms highlight the importance of scientifically literate citizens for society as a 

whole.  The National Science Education Standards (NSES) define scientific literacy as 

“the knowledge and understanding of scientific concepts and processes required for 

personal decision making, participation in civic and cultural affairs, and economic 

abilities” (NRC, 1996, p. 22).  For example, a scientifically literate individual is better 

prepared to face the demands of an increasingly technologically-driven workplace, to 

evaluate scientific claims used in advertisements or by politicians, and to make decisions 

that impact their own health and the health of others.    

Whether personal or societal gains are the goal of scientific literacy, it is evident 

from the previous descriptions that scientifically literate individuals possess more than a 

basic understanding of science concepts; they are able to apply their knowledge to make 

decisions, solve problems, and improve their lives.  The NGSS, the most recent science 
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education reform document, includes Science and Engineering Practices (SEPs) as one of 

the main categories in its three-part framework.  The eight SEPs described in the NGSS 

represent the everyday procedures of professional scientists and engineers and include the 

following: “(1) asking questions and defining problems; (2) developing and using 

models; (3) planning and carrying out investigations; (4) analyzing and interpreting data; 

(5) using mathematics and computational skills; (6) constructing explanations and 

designing solutions; (7) engaging in argument from evidence; (8) obtaining, evaluating, 

and communicating information” (NGSS Lead States, 2013, p. xx).  The importance of a 

well-rounded knowledge of science facts and concepts cannot be ignored, however.  It is 

the foundation that allows for the development of the higher order skills and abilities of a 

scientifically literate individual. Unfortunately, many individuals possess misconceptions 

that interfere with their acceptance of scientific explanations (Bass et al., 2009; DiSpezio, 

2010).  Misconceptions are defined as individuals’ ideas about the world around them 

that do not agree with scientifically accepted understandings (Darling-Hammond, 2008; 

Gallagher, 2007).  

 Misconceptions are widespread, spanning all age ranges and science concepts.  

Studies have explored student misconceptions at the elementary (Barman, Barman, Cox, 

Newhouse, & Goldston, 2000; Barman & Mayer, 1994; Doran, 1972; Eaton, Anderson, 

& Smith, 1984; Schoon, 1989; Thompson & Logue, 2006), middle school (Bisard, Aron, 

Francek, & Nelson, 1994; Olson, 2004; Schoon, 1989), high school (Barman & Mayer, 

1994; Bisard et al., 1994; Mayer, 2011; Moore, Froehle, Kiernan, & Greenwald., 2006; 

Schoon, 1989; Thompson & Logue, 2006), and college levels (Bisard et al., 1994; 

Lazarowitz & Lieb, 2006; LoPresto & Murrell, 2011; Nazario, Burrowes, & Rodriguez, 
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2002; Piburn, Baker, & Treagust, 1988).  Misconceptions are not limited to school-age 

individuals, as many adults, including teachers, possess naïve, incomplete, or inaccurate 

conceptions (Barrass, 1984; Barrier, 2010; Burgoon, Heddle, & Duran, 2010; Kalkan & 

Kiroglu, 2007; Ozden, 2009; Sendur, 2012).  Burgoon et al. (2010) found that many 

elementary teachers have the same misconceptions as their students; Yip (1998) found 

that even some secondary teachers possess misconceptions similar to those of their 

students.  Ideally, misconceptions would be eradicated throughout an individual’s school 

years; unfortunately, formal science learning experiences often have the opposite effect.  

As Thompson and Logue (2006) explain, “We saw a number of examples where an 

initially sound (and often simple) concept became confused after additional information 

was added through teaching…It is commonly suggested that parents, teachers, and the 

media all influence the development of misconceptions in science” (p. 558). 

  Science educators and researchers have found that individuals possess 

misconceptions related to all fields of science.  Studies have shown that individuals have 

misconceptions about the following life science concepts:  cells, protein synthesis, 

mitosis and meiosis, photosynthesis and respiration, plant growth, genetics and heredity, 

food chains and food webs, classification of animals and other organisms, evolution, 

human body systems and processes (Barman et al., 2000; Barman & Mayer, 1994; 

Barman, Stein, McNair, & Barman, 2006; Barrass, 1984; Baum & Offner, 2008; 

Lazarowitz & Lieb, 2005; Moore et al., 2006; Nazario et al., 2002; Thompson & Logue, 

2006).  Common physical science misconceptions are related to topics such as states of 

matter, conservation of matter, physical and chemical changes, acids and bases, forces, 

density and buoyancy, temperature and heat transfer, types of energy, light, and 
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magnetism (Bisard et al., 1994; Burgoon et al., 2009; Mayer, 2011; Ozden, 2009; Sendur, 

2012; Stein, Barman, & Larrabee, 2007; Thompson & Logue, 2006; Yalcin, 2011).  

Examples of Earth science misconceptions include layers of the Earth, the rock cycle, 

plate tectonics, geological time, and weather (Bisard et al., 1994; King, 2010; King, 

2012; Philips, 1991; Schoon, 1989; Stein et al., 2007; Thompson & Logue, 2006).  

Frequently documented astronomical misconceptions include the cause of day and night, 

the moon’s rotation, moon phases, eclipses, the sizes of and distances between planets, 

the sun’s changing position in the sky throughout the day and year, the cause of seasons, 

time zones, and gravity (Barrier, 2010; Kalkan & Kiroglu, 2007; LoPresto & Murrell, 

2011; Stover & Saunders, 2000; Trundle & Trolland, 2005).  The topics listed above 

represent only a small sample of the unlimited number of concepts for which individuals 

possess naïve conceptions or lack a scientifically-accepted understanding.  In order to 

inform educators on common science misconceptions and to help them address the 

misconceptions of their students, entire databases have been created and made available 

on-line for teachers to reference as they plan their instruction (Beaty, nd.; Science 

Misconceptions, n.d.). 

 Diffusion and osmosis, two closely related topics regularly taught in high school 

biology classes, also belong in the previous list of common science misconceptions.  In a 

study by Marek, Cowan, and Cavallo (1994), 100% of participants, students in two high 

school biology classes, demonstrated a lack of understanding of these concepts prior to 

instruction.  The Diffusion and Osmosis Diagnostic Test (DODT), an instrument that is 

designed to assess students misconceptions about diffusion and osmosis, specifically 

addresses the following conceptual areas:  “the particulate and random nature of matter, 
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concentration and tonicity, the influences of life forces on diffusion and osmosis, the 

kinetic energy of matter, the process of diffusion, and the process of osmosis” (Odom, 

1995, p. 410).  Results from previous studies using the DODT have revealed that students 

possess misconceptions related to all of these concepts (Odom, 1995; Odom & Barrow, 

1995; Odom & Barrow, 2007; Odom & Kelly, 2001; Tekkaya, 2003).   Maguire, 

Myerowitz, and Sampson (2010) specifically identified the following student beliefs 

about diffusion and osmosis prior to instruction: 

 All common solute molecules, such as salt and starch, could diffuse through a 

typical semipermeable membrane; 

 

 The overall direction of osmosis is directly related to the concentration of the 

solute (e.g., 20% salt vs. 0% salt); and 

 

 The process of diffusion and osmosis will continue until equal concentrations of 

solute are found on both sides of the semipermeable membrane. (p. 59) 

 

Despite these misconceptions, well-designed instruction can facilitate conceptual 

change.  For example, in the Marek et al. (1994) study described previously, the learning 

cycle, an inquiry-based approach, was used in Class A; expository teaching strategies 

were used in Class B.  Both classes experienced improvements in understanding.  Class A 

showed the most dramatic improvement with only 6% of students demonstrating 

misconceptions after instruction, while 42% of students in Class B still possessed some 

type of misconception.  Maguire et al. (2010) reported that students demonstrated the 

following understandings after participation in a guided inquiry lesson on diffusion and 

osmosis: 

 It is the concentration of water that directly determines the overall direction of 

osmosis – not the concentration of solute; 
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 Only water and other small, neutral molecules (e.g., oxygen and carbon dioxide) 

can diffuse across a semipermeable membrane (starch molecules are too large and 

salt ions carry too much charge); and 

 

 Osmosis fails to reach equilibrium levels because of other factors (e.g., pressure 

inside a cell). (p. 59) 

 

These results are encouraging, as an understanding of diffusion and osmosis provides a 

necessary foundation for more complex concepts such as short distance transport in cells, 

photosynthesis, cellular respiration, water uptake and turgor pressure in plants, and water 

balance in aquatic organisms (Lankford & Friedrichsen, 2012; Odom, 1995; Westbrook  

& Marek, 1991). 

Promoting Conceptual Change 

Misconceptions often develop as individuals try to make sense out of their 

everyday experiences.  Because of this, they can be resistant to change, even in light of 

conflicting evidence and scientifically-based explanations.  Students bring their 

misconceptions to the science classroom.  In order to quickly address student 

misconceptions, many teachers resort to simply telling students about scientific facts and 

concepts and trying to replace faulty beliefs with scientifically-accepted ideas, but this 

instructional strategy does little to promote conceptual change (Darling-Hammond, 

2008).  According to the NRC (1999), “If [students’] initial understanding is not engaged, 

they may fail to grasp the new concepts and information that are taught, or they may 

learn them for purposes of a test but revert to their preconceptions outside the classroom” 

(p. 15).    

Bass et al. (2009) recommend that instructional strategies for promoting 

conceptual change include the following steps: 
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1. Identify students’ alternative conceptions, 

2. Promote student dissatisfaction with them, 

3. Introduce scientific conceptions, and 

4. Provide for application and integration of the new conceptions (p. 72). 

The strength of this instructional sequence is that scientific conceptions are not presented 

until after students begin to question or see the gaps in their prior ideas.  Rather than 

simply discrediting misconceptions or providing correct explanations, teachers should 

provide students with opportunities to explore their beliefs through observation and 

experimentation.  After students recognize that their previous ideas do not line up with 

their observations and results, they are more likely to accept the correct scientific 

principles and explanations.  Concluding a lesson with opportunities for students to apply 

the conceptions in different contexts helps students retain the new information and 

prevents them from immediately returning to their prior misconceptions.     

 Regardless of the instructional approach, four conditions must be met in order for 

conceptual change to occur.  First, information must be presented to students in a manner 

that causes dissatisfaction with their current understandings.  Additionally, scientific 

conceptions must make sense to learners (intelligible), lead to useful explanations 

(plausible), and be applicable to future investigations (fruitful) (Posner, Strike, Hewson, 

Hertzog, 1982).  Other strategies that aid in conceptual change include making science 

relevant to learners by incorporating examples from their everyday lives; using models 

and representations for abstract concepts; providing learners with opportunities to express 

their ideas in writing, pictures, or graphs; allowing for social interaction with peers; and 
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encouraging learners to think about, reflect on, and critique their own knowledge 

(Darling-Hammond, 2008). 

Common Instructional Strategies 

Direct Instruction 

 Direct instruction refers to instructional approaches in which the teacher presents 

students with the main concepts to be learned; it became popular during the late 1960s 

through the work of Siegfried Engelmann and Dr. Wesley Becker for Project Follow 

Through.  The purpose of this federally-funded program was to determine the best way to 

teach at-risk elementary students.  Engelmann and Becker developed the Direct 

Instruction program, a carefully sequenced and scripted model of teaching, for Project 

Follow Through; their program is often referred to as “capital DI” (National Institute for 

Direct Instruction, n.d.).  The phrase direct instruction is a generic term that refers to 

instructional approaches that stress explicit teaching of concepts and skills.  Direct 

instruction, also referred to as “little di,” is based on the behavioral theory of learning and 

Skinner’s notion of operant conditioning.  In order for learning to occur, behaviorism 

emphasizes an on-going cycle of teacher stimulus, student response, and teacher 

reinforcement to increase the occurrence of desired behaviors (Goeke, 2009; Joyce & 

Weil, 1996; Bass et al., 2009).   

Typical lesson sequence.  A typical direct instruction lesson “consists of the 

teacher’s explaining a new concept or skill to a large group of students, having them test 

their understanding by practicing under teacher direction,…and encouraging them to 

continue to practice under teacher guidance” (Joyce & Weil, 1996, p. 345).  Madeline 
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Hunter’s lesson design, a common model for direct instruction, incorporates the 

following steps:  anticipatory set, objectives and purpose, instructional input, guided 

practice, and independent practice (Bass et al., 2009; Hunter, 1982; Hunter, 2004; Joyce 

& Weil, 1996).  The purpose of the anticipatory set is to engage students’ interest in the 

content and to help them access prior knowledge; this stage of the lesson is also referred 

to as the launch because it provides a starting point for learning.  Next, the teacher states 

the objectives and purpose of the lesson to establish a framework and context for 

learning.  Specific activities utilized during this early phase of instruction include 

reviewing the previous day’s work, providing clear directions for the lesson, explaining 

materials that will be used during the lesson, and providing an overview of the lesson.  

During the instructional input stage, the teacher explicitly presents new concepts and 

skills to students using a variety of instructional methods: lecture, demonstrations, media 

presentations, and role-playing.  Joyce and Weil (1996) suggest the following in order to 

increase student learning and attention during instructional input: 

1. presenting material in small steps so that one point can be mastered at a time; 

2. providing many, varied examples of the new skills or concepts; 

3. modeling, or giving narrated demonstrations of the learning task; 

4. avoiding digressions, staying on topic; and 

5. re-explaining difficult points. (p. 345) 

The guided practice phase will vary depending on the content of the lesson; examples of 

guided practice activities include working through problems as a class and having 

students respond to teacher-posed questions using clickers or some other student response 

system.  Regardless of the type of activities used during guided practice, the rationale for 
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this stage is to allow the teacher to monitor student understanding and provide immediate 

feedback.  During the last phase of a direct instruction lesson, students practice 

independently to ensure that they retain the information and can transfer their learning to 

different contexts (Bass et al., 2009; Hunter, 1982; Hunter, 2004; Joyce & Weil, 1996).  

Strengths of direct instruction.  Direct instruction plays an important role in well-

rounded science instruction.  This type of instruction is most suitable for well-defined 

skills or facts, arbitrary conventions such as vocabulary words that cannot be logically 

deduced, and concepts that are not appropriate for student exploration due to safety 

concerns.  Also, teachers should intersperse periods of direct instruction throughout 

extended inquiry investigations to provide directions and background knowledge, teach 

specific skills, introduce principles during the explain phase of the 5E model, and 

summarize important information (Bass et al., 2009).  Many students prefer direct 

instruction because information is explicitly presented in a logical sequence and because 

they have a clear understanding of the learning objectives from the beginning of the 

lesson (Bessellieu, Cowardin, Kozioff, & LaNunziata, 2000).  Many teachers favor direct 

instruction because of the sense of control that the feel when using this approach.  They 

can deliver content to the entire class at once, control student attention, and emphasize 

learning objectives (Pham, 2011).   

Limitations and weaknesses of direct instruction.  One of the main concerns about 

direct instruction is that it is often a passive process for students, providing few 

opportunities for student-initiated activities and undermining their responsibility for 

learning (Pham, 2011).  As Bass et al. (2009) explain, direct instruction fails to provide 

students with opportunities to “ask their own questions about the natural world, explore 
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and collect data, and use the evidence of their own explorations and their prior or new 

scientific knowledge as the basis for their own theories and explanations” (p. 104).  Also, 

direct instruction fails to meet the necessary conditions for promoting conceptual change.  

As previously described, in order to promote conceptual change, teachers should order 

lessons in a manner that first helps students identify their misconceptions and promotes 

dissatisfaction with them, then introduces scientific conceptions, and finally concludes 

with opportunities for students to apply and integrate their new understandings.  Direct 

instruction lessons rarely begin with opportunities for promoting student dissatisfaction.  

A typical direct instruction lesson begins with a brief launch activity and statement of 

lesson objectives, and then the teacher moves on to explicit instructional input (Bass et 

al., 2009). 

Additionally, direct instruction falls short of many of the recommended criteria 

for enhancing student learning as outlined in How People Learn, a publication by the 

NRC (1999) that is often cited in discussions of effective classroom environments.  Based 

on extensive research and the input of highly-esteemed education experts, the NRC 

recommends that teachers at all grade levels strive to create classrooms that are learner-

centered, knowledge-centered, assessment-centered, and community-centered (Bransford 

et al., 2000; Brunsell & Marcks, 2008; Gallagher, 2007; Llewellyn, 2005; NRC, 1999).  

A learner-centered environment is one that pays “careful attention to the knowledge, 

skills, attitudes, and beliefs that learners bring to the educational setting” (Bransford et 

al., 2000).  Well-designed direct instruction lessons should begin with an inventory of 

students’ prior knowledge in order to help them make connections to new information 

they will be receiving; however, the teacher has a predetermined set of steps to follow in 
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delivering instruction, making it difficult to meet the needs, skills, and interests of 

individual learners.  Knowledge-centered environments help students organize 

knowledge so that they can apply it in different contexts and encourage students to use 

the problem-solving strategies of experts in the field (NRC, 1999).  Because new 

information is explicitly told to students during a direct instruction lesson, they have few 

opportunities to use the processes of scientists in problem-solving activities.  When they 

do conduct laboratory exercises, students typically have a lockstep set of procedures to 

follow in order to reach a specific outcome.  Assessment-centered environments “provide 

students with opportunities for feedback and revision.  Assessment-centered 

environments also help teachers shape classroom activities, diagnose students’ ideas and 

products, and guide teachers’ decisions” (NRC, 1999, p. 122).  Teachers can easily 

incorporate both formative and summative assessments into direct instruction; however, 

the predetermined nature of this type of instruction makes it difficult for teachers to 

readjust their lessons based on assessment results, an important component of 

assessment-centered classrooms.  Community-centered classrooms reflect the fact that 

real-world scientists do not work in isolation and require students to share their ideas, 

consider the ideas of the peers, and work together to develop deeper understandings 

(NRC, 1999).  Ample opportunities for collaboration exist during direct instruction; 

teachers can incorporate activities such as guided practice with a partner or group 

laboratory exercises.  However, these activities often fail to simulate true scientific 

collaboration.   
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Inquiry-based Instruction 

 Although Science for All Americans (Rutherford & Ahlgren, 1989), Benchmarks 

for Science Literacy (AAAS, 1993), and the NSES (NRC, 1996) are commonly cited 

when discussing inquiry, the call for inquiry-based science teaching existed long before 

these documents were written.  Johann Herbart, a German psychologist in the early 19
th

 

century, emphasized the importance of helping students connect prior knowledge with 

new ideas.  He recommended a cycle of learning in which students are first provided with 

opportunities to discover relationships in their knowledge through experience, then 

introduced to new concepts through direct instruction, and finally given opportunities to 

apply their learning and demonstrate their understanding. Herbart’s work was influential 

in establishing the Biological Science Curriculum Study (BSCS) 5E model (Bybee et al., 

2006).  In the 1930s, John Dewey criticized science instruction for emphasizing facts and 

downplaying the importance of scientific thinking processes and attitudes of the mind 

(Barrow, 2006).  Dewey’s instructional model allowed students to “sense a perplexing 

situation, clarify the problem, formulate a hypothesis, test the hypothesis, revise tests, and 

act on solutions” (Bybee et al., 2006, p. 3).  The National Science Foundation (NSF) 

funded the development of innovative science curricula for various subjects during the 

1950s and 1960s, and the launching of Sputnik in 1957 only heightened the sense of 

urgency for improved science education (Barrow, 2006).  One of these NSF curriculum 

projects was the Science Curriculum Improvement Study (SCIS), a hands-on, laboratory-

based program for physical and life science instruction at the elementary level.  SCIS 

lessons were based on Karplus and Atkins’s learning cycle; this instructional model 

consists of three phases: (1) exploration, (2) term introduction, and (3) application.   
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Due to a growing focus on improving scientific literacy nationwide after the 

publication of the previously listed documents, an increased emphasis has been placed on 

inquiry-based instructional strategies over the last three decades (Rutherford & Ahlgren, 

1989; AAAS, 1993; NRC, 1996; NRC, 2000).  In Science for All Americans, the AAAS 

describes the unique methods used by scientists in discovering scientific knowledge and 

the importance of helping students use these methods as they develop their own 

conceptual understandings (Rutherford & Ahlgren, 1989).  Although very few students 

will go on to pursue careers in science, all students can benefit from the skills they gain 

through inquiry.  These include making observations using the senses and tools, gathering 

accurate data, testing the validity of arguments, developing tentative hypotheses, and 

recognizing bias.  In Benchmarks for Scientific Literacy, the AAAS is more specific in 

defining specific inquiry skills and understandings that students should develop as they 

progress from kindergarten through the end of high school (AAAS, 1993).  As 

summarized by Llewellyn (2005), the Benchmarks delineated an expectation that students 

will know the following by the end of 12
th

 grade: 

 Investigations are conducted to explore new phenomena, validate previous 

results, test predictions, and compare theories. 

 

 Hypotheses are used in science for guiding the interpretation of data. 

 

 Scientists control conditions (of an experiment) in order to obtain evidence. 

 

 Science depends upon intelligence, hard work, imagination, and even chance. 

 

 Scientists check each other’s results to prevent bias. 

 

 New ideas often encounter criticism and are limited by the context in which 

they were conceived. (p. 6) 
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With the release of the NSES, the NRC (1996) helped to increase the emphasis 

placed on inquiry in K-12 classrooms by including “Science as Inquiry” as one of the 

content standards for all grade levels (p. 105).  This standard requires that students have 

both the abilities for conducting scientific inquiries and an understanding of scientific 

inquiry.  In Inquiry and the National Science Education Standards, the NRC (2000) 

clarifies what is meant by inquiry by defining essential features that characterize inquiry 

in all grade levels: 

 Learners are engaged by scientifically oriented questions. 

 

 Learners give priority to evidence, which allows them to develop and evaluate 

explanations that address scientifically oriented questions. 

 

 Learners formulate explanations from evidence to address scientifically 

oriented questions. 

 

 Learners evaluate their explanations in light of alternative explanations, 

particularly those reflecting scientific understanding. 

 

 Learners communicate and justify their proposed explanations. (p. 25) 

 

Although the NGSS do not explicitly include inquiry as part of the three-part framework, 

the SEP dimension is best supported through inquiry-based teaching methods that 

provide students with opportunities to explore scientific concepts on their own, rather 

than traditional teaching methods that emphasize lecture and note-taking as a main form 

of instruction (NGSS Lead States, 2013). 

Typical lesson sequence.  As previously mentioned, Karplus and Atkins created 

the Learning Cycle as part of the NSF’s SCIS project (Bybee et al., 2006).  This 

instructional method consists of three phases:  exploration, concept introduction, and 

concept application.  The purpose of the exploration stage is to give students an 
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opportunity to experience the scientific phenomenon.  These experiences should raise 

questions that students cannot answer with their previous understandings and promote a 

sense of disequilibrium.  Teachers should help students confront their prior knowledge 

and ask probing questions in order to help students focus their attention on important 

scientific concepts.  During the term introduction phase, the teacher guides the students in 

deriving scientific concepts as they discuss data obtained during the exploration stage.  

The teacher should ask students to reflect on their results and to justify any claims with 

evidence, introduce terms and definitions related to the new concept, provide additional 

examples of the concept, and allow students to practice using the concept.  The purpose 

of the concept application stage is to give students the opportunity to apply the new ideas 

in unique ways.  The teachers should provide activities that help students transfer their 

new science knowledge to relevant contexts (Karplus, 1977). 

 The 5E Model, which was developed in the late 1980s as part of the BSCS, has 

replaced the Learning Cycle as the most common inquiry-based instructional method 

(Bybee et al., 2006).  The five phases of this model include engage, explore, explain, 

elaborate, and evaluate.  The purpose of the engage stage is to pique students’ interest in 

the topic and to provide teachers with an opportunity to uncover student misconceptions.  

During this stage, the teacher raises questions and generates curiosity. Additionally, the 

teacher should avoid explaining concepts and providing definitions during the engage 

phase.  The purpose of the explore phase is to allow students to gather data using a 

variety of observational and experimental procedures.  The teacher allows students to 

struggle through various issues that arise, asks questions to redirect them when necessary, 

and serves as a facilitator. During the explore phase, the teacher should avoid explaining 
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to students how to work through problems and leading students to a solution.  The 

explain stage should begin with the teacher asking students to describe and reflect on data 

gathered during the previous stage.  Building on student explanations, the teacher 

formally introduces scientific concepts during this stage.  The purpose of the elaborate 

stage is to give students opportunities to apply scientific concepts in new and different 

contexts.  The teacher should require students to use terms and explanations learned 

during the previous stage and ask probing questions to guide students’ thought processes.  

Evaluation, which is listed last in the sequence of stages, should actually take place 

throughout a 5E lesson and consist of formative and summative evaluations of student 

understanding.  Formative evaluation should begin as early as the engage phase as the 

teacher asks probing questions to uncover students’ prior ideas and misconceptions.  

During the explore stage, many teachers use checklists and rubrics to keep track of 

students’ inquiry abilities and conceptual understandings.  The explain stage provides 

additional opportunities for formative evaluation as students explicitly state their 

understandings as based on their observations and results.  The elaborate stage is often an 

appropriate time for some type of summative evaluation that serves as a capstone for the 

lesson.   

Strengths of inquiry-based instruction.  Previous studies have shown that inquiry-

based instruction has a positive impact on various student outcomes, including cognitive 

achievement, process skills, and attitudes about learning.  These results apply to learners 

of all ages.  For example, Patrick, Mantzicopoulos, and Samarapungayan (2009) found 

that kindergarten students who participated in the Scientific Literacy Project, a program 

that integrated literacy and science inquiry activities, had greater motivation for science, 
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showed greater science competence, and reported liking science more than students who 

participated in more traditional science activities.  Leonard (1983) compared inquiry-

based instruction based on the BSCS with a traditional, lecture-based approach at the 

college level.  A total of 24 sections of General Biology at a large Midwestern university 

were assigned to either inquiry-based instruction or direct instruction for the entire 

semester.  A total of 208 students participated in inquiry-based lessons; 218 students 

received direct instruction.  The students in the inquiry-based sections scored 

significantly higher on the posttest than students in the direct instruction sections.   

 One of the reasons for the positive results associated with inquiry-based 

instruction is that it very naturally allows for lessons to be delivered in a manner that 

promotes conceptual change (Bass et al., 2009).  The engage stage of a 5E lesson 

provides an opportunity to identify student misconceptions.  During the engage phase, 

students have an opportunity to make observations and gather data that are often in 

opposition with their prior beliefs, thereby promoting dissatisfaction with their 

misconceptions.  By the time a lesson advances to the explain stage, students are more 

ready and willing to accept scientifically-accepted explanations because they want to 

make sense of the discrepancies between their previous understandings and their recent 

observations.  The elaborate phase allows students to apply their new knowledge in a 

different context, which allows for transfer and retention.            

Unlike direct instruction, inquiry-based instruction allows for a classroom 

environment that is learner-centered, knowledge-centered, assessment-centered, and 

community-centered (Bransford et al., 2000; Brunsell & Marcks, 2008; Gallagher, 2007; 

Llewellyn, 2005; NRC, 2000).  As previously mentioned, a learner-centered environment 
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pays close attention to the knowledge, skills, and interests of learners (Bransford et al., 

2000). The engage and explore stages of the 5E model provide many opportunities for 

teachers to uncover students’ prior ideas and dispositions.  Additionally, teachers in a 

learner-centered classroom provide multiple opportunities to address misconceptions and 

promote conceptual change.  Students have their own ideas and misconceptions about 

how the world works, and many of these ideas are resistant to change.  The 5E model 

allows students to explore scientific phenomena.  During this process, they may 

encounter experiences that do not align with their prior ideas.  This approach has proven 

more effective than simply telling students that their beliefs are incorrect.  Each stage of 

the 5E model is specifically designed with students’ knowledge in mind, creating a 

knowledge-centered environment.  During the engage stage, teachers uncover students’ 

prior ideas.  The explore stage “allows students to build on a common experience as they 

carry out their investigations.  This common experience or exploration is essential 

because students will enter the classroom with different levels of experience and 

knowledge about the topic being studied” (Llewellyn, 2005, p. 47-48).  In other words, 

exploration helps level the playing field by ensuring that all students have at least one 

meaningful experience with the content being addressed.  During the explain stage, 

teachers guide students in forming correct conceptual understandings.  The elaborate 

stage gives students an opportunity to make connections between newly learned concepts, 

other concepts, and real-world situations.  Lastly, formative and summative evaluations 

of students’ knowledge should take place throughout a 5E lesson.  Assessment is 

seamlessly integrated throughout an inquiry-based lesson and occurs in multiple formats.  

The engage, explore, and explain portions of a 5E lesson allow for frequent formative 
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assessment, and the elaborate phase is often used as a form of summative evaluation.  In 

addition to assessing students’ conceptual understandings, teachers also evaluate 

students’ abilities to carry out inquiry investigations and understandings about inquiry 

and the nature of science.  As teachers guide students through a lesson, they can easily 

incorporate metacognitive strategies, enhancing students’ abilities for self-evaluation and 

reflection (Darling-Hammond, 2008).   Inquiry-based lessons lend themselves to 

community-centered learning.  Throughout a 5E lesson, particularly during the explore 

stage, students work closely together to make observations and gather data.  They also 

have to communicate their results and conclusions to their peers, which is a common 

practice in the scientific community.  Additionally, the teacher often engages in a 5E 

lesson as a learner working alongside his or her students, rather than as an expert with 

knowledge to pass down to students.     

Limitations and weaknesses of inquiry-based instruction.  Despite the benefits of 

inquiry-based teaching, it is not implemented regularly in K-12 classrooms.  As part of a 

case study in the late 1970s, Stake and Easley (1978) visited classrooms in 11 school 

districts across the country.  Many of the teachers were using curriculum materials 

developed by the NSF to support inquiry, but the materials were not being used as 

intended.  Of all the teachers that the researchers observed, only three were identified as 

actually conducting inquiry-based lessons.  Unfortunately, the situation has not changed 

much in the last three decades since Stake and Easley’s study.  Based on their 

observations of classrooms across the country, Weiss, Pasley, Smith, Banilower, and 

Heck (2003) found that inquiry accounted for only 15% of instructional time for 

elementary (K-5) classrooms.  The situation was even more discouraging at the 
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secondary level (9-12) with inquiry accounting for only 2% of instructional time.  

Marshall et al. (2007) surveyed 1,222 teachers from a large school district in the 

southeastern United States; teachers reported spending 38.7 % of instructional time on 

inquiry.  Elementary teachers reported spending slightly more time (41 %) on inquiry 

instruction than middle school teachers (34.4 %) and high school teachers (32.1 %).  

These results are more encouraging than those of Weiss et al.; however, these 

percentages might be exaggerated as they are teacher-reported statistics.  Additionally, 

they still fall short of the recommendation by the National Science Teacher Association 

(NSTA) that 80% of instructional time be devoted to laboratory investigations that allow 

for student inquiry (NSTA, 2007). 

Misconceptions about what is meant by inquiry-based teaching, as well as 

misunderstandings about how to implement it, represent one reason for the lack of 

inquiry-based instruction.  Many teachers struggle to define inquiry and often equate any 

type of hands-on activity or student research with inquiry (Hayes, 2002; Morrison, 2013).  

As Hayes (2002) explains, “Inquiry is often conflated or used interchangeably with other 

terms that describe similar teaching practices, such as hands-on, generative teaching 

practice, constructivism, and conceptual change” (p. 148).  The findings of Capps and 

Crawford (2013) support this statement.  They analyzed lesson descriptions, 

observations, and videotape data of 26 highly-motivated teachers; they also conducted 

interviews with eight of these teachers.  In their analysis, they were specifically looking 

for elements of inquiry as described by the NSES (NRC, 1996; NRC, 2000):  students’ 

understandings about scientific inquiry, students’ abilities to do scientific inquiry, and 

essential features of inquiry.  They found evidence of inquiry in less than half of the 
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classrooms, and the aspects of inquiry that were observed or described tended to be 

teacher-initiated and to emphasize basic inquiry abilities instead of understandings about 

inquiry or the essential features of inquiry.  Many of the teachers interviewed for the 

study stated that they believed they were using inquiry-based instructional strategies 

because “they involved their students in questioning, used student-centered approaches, 

and used hands-on teaching practices” (Capps & Crawford, 2013, p. 519).  However, the 

classroom observations and lesson descriptions revealed that these activities did not 

represent authentic inquiry (Capps & Crawford, 2013).     

Additionally, a number of barriers, both perceived and actual, inhibit the 

implementation of inquiry-based instruction.  Anderson (2002) classifies these barriers as 

technical, cultural, and political; however, these three categories tend to overlap.  

Technical barriers include limited teacher knowledge, abilities, and self-efficacy; 

logistical issues with group and laboratory activities; challenges presented by state 

assessments; inadequate professional development opportunities; and time. (Anderson, 

2002; Barrow, 2006).  This type of teaching and learning is foreign to many current 

teachers.  They did not learn science this way; therefore, they do not know how to teach 

science this way.  As stated by Capps and Crawford (2013), “This lack of knowledge and 

experience likely puts serious limitations on teachers’ abilities to plan and implement 

lessons that will help their students develop an image of science that goes beyond the 

familiar body of knowledge” (p. 498).  Time is a factor in both planning and 

implementing inquiry-based lessons.  Teachers have to invest large amounts of time into 

learning how to create inquiry-based activities.  These activities require more class time 

than traditional, teacher-centered classroom activities.  Many teachers fear that they will 
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not be able to cover all of the required standards in preparation for end-of-year high 

stakes examinations if they devote longer periods of time to exploring concepts through 

inquiry (Duffy & Raymer, 2010; Hayes, 2002).  Cultural barriers are those related to 

individual beliefs and values.  Examples include the degree of commitment that various 

stakeholders feel to the textbook or a standardized curriculum, differing opinions about 

how to prepare students for high stakes assessments, teachers’ sense of urgency to 

“cover” all of the material, and issues of justice and fairness.  Because of the importance 

given to high stakes tests for evaluating teacher and student performance, teachers tend to 

use whatever methods they feel will best prepare their students.  High stakes tests 

typically assess student knowledge of facts, which many teachers feel more comfortable 

covering through direct instruction, rather than the higher order thinking skills promoted 

by inquiry-based instruction.  In order for teachers to be motivated to use inquiry-based 

activities, it has been argued that high stakes tests must be redesigned to measure the 

skills developed by these teaching methods (Hardin, 2009; Longo, 2010).  Barrow (2006) 

defines political dilemmas as those that “must be addressed at local and state levels 

because of funding ramifications” (p. 272).  Examples include parental resistance when 

science is taught in a manner unfamiliar to them, disagreements among teachers about 

content and instructional methods, and lack of resources and adequate professional 

development.            

Comparison of Direct and Inquiry Instruction 

Studies in Support of Inquiry Instruction 

 Many studies have reported positive results in support of inquiry-based instruction 

in place of direct instruction, including increased knowledge and understanding of 
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material, better retention of learning, and improved attitudes about science.  Students’ 

knowledge or mastery of content is the most commonly examined outcome variable 

examined in studies comparing inquiry and direct instruction.  This outcome is often 

measured using a posttest designed to measure students’ understanding of the specific 

content presented during the study.  The following studies all found that students taught 

science content using an inquiry-based approach scored significantly higher on posttests 

than students taught using a more traditional approach:  Blanchard et al. (2010); Drake 

and Long (2009); Leonard (1983); Nussbaum (1979); Renner, Stafford, Coffia, Kellogg, 

& Weber (1973); Saunders & Shepardson (1987); and Schneider & Renner (1980).   

Other measures have also been used as an indication of students’ knowledge and 

understanding of new science concepts.  For example, Geier et al. (2008) used 

standardized tests to assess differences in learning for students who participated in 

inquiry-based units and those who did not.  This study developed out of a partnership 

between the University of Michigan and Detroit Public Schools (DPS) in which three 

different inquiry-based curriculum units were implemented in seventh and eighth grade 

classes throughout the DPS school district; all units were eight to ten weeks in length.  

The two seventh grade units included the following: (1) “What is the Quality of Air in 

My Community?” focused on air quality and pollution; and (2) “What is Water Like in 

My River?” emphasized local ecology, watersheds, erosion, deposition, and chemistry 

concepts such as pH.  The eighth grade unit, “Why Do I Need to Wear a Helmet When I 

Ride My Bike?”, examined motion, force, speed, and acceleration.  The study was 

conducted over the course of three school years; a total of 37 teachers from 18 different 

schools participated, impacting approximately 5,000 students. Depending on a student’s 
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teachers for the years of the study, he or she may have participated in zero to three of the 

curriculum units.  The researchers found that students who participated in at least one of 

the curriculum units scored significantly higher on state standardized exams than students 

who did not participate in any of the inquiry-based units.  Additionally, participation in 

additional curriculum units seemed to produce a cumulative effect.  Based on their 

results, Geier et al. (2008) concluded the following: 

Repeated exposure to standards-based instruction supported by highly specified 

 and developed curriculum leads to additional learning gains, at least when science 

 inquiry is pursued at multiple grade levels…This indicates that the more inquiry 

 science instruction we are able to provide to students during their schooling, the 

 larger the learning growth we will expect to see in achievement. (p. 934) 

 

 Sher Awan (2013) focused on students’ scientific responses and misconceptions 

as an indicator of student understanding.  For this study, a total of 209 high school 

students from two different schools in Pakistan were randomly assigned to the 

experimental or control group.  Students in the experimental group participated in 16 

inquiry-based lessons on solution chemistry; students in the control group participated in 

an equal number of traditional lessons on the same topic.  Sher Awan found that the 

frequency of scientific responses for students in the experimental group was eleven times 

greater than that of students in the control group.  Conversely, the frequency of 

misconceptions was seven times greater for students in the control group.   

Other studies have found that students taught using inquiry-based instruction have 

better retention of content than students taught using more direct approaches (Bay, 

Staver, Bryan, & Hale, 1992; Blanchard et al., 2010; Renner et al., 1973).  Studies vary 

on the time period defined for retention.  For example, Bay (1992) measured retention 

two weeks after the initial posttest, and Blanchard et al. (2010) measured retention four 
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weeks after completion of instruction.  In both studies, students who participated in 

inquiry-based lessons scored significantly higher on the delayed posttest than students 

who participated in more traditional lessons.    

The type of instruction can also have an impact on students’ attitudes and beliefs 

about science.  Yager and Akcay (2010) found that middle school students’ attitudes 

about science improved after participation in inquiry-based instruction; attitudes of those 

students who participated in traditional instruction did not change from pre- to posttest.  

In Drake and Long’s (2009) study, fourth grade students participated in either problem-

based learning (PBL) or traditional thematic units.  Students completed the Draw-a-

Scientist Test both before and after instruction as a measure of their views about 

scientists.  The drawings were scored on a scale of 1 to 11, with higher scores 

representing more stereotypical views of scientists.  Scores for students in the control 

group increased slightly from pretest to posttest, indicating that they held more 

stereotypical views about scientists after the unit; however, scores for students in the PBL 

group decreased slightly from pretest to posttest, indicating that students who participated 

in inquiry-based lessons had less stereotypical views about scientists after instruction.  

Patrick et al. (2009) found that kindergarten students who participated in inquiry-based 

science lessons reported liking science more than students who participated in traditional 

lessons. 

Studies have found additional benefits of inquiry-based instruction.  As part of 

their study, Drake and Long (2009) observed fourth grade students as they participated in 

either PBL or traditional lessons to measure time-on-task behavior.  Students in the PBL 

group spent more time engaged in appropriate on-task behaviors and less time engaged in 
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inappropriate or nonproductive behaviors than students in the traditional group.  In 

addition to improved attitudes about science, Patrick et al. (2009) found that kindergarten 

students who participated in inquiry-based lessons reported greater competence and 

perceived science knowledge than those who participated in traditional lessons.  Renner 

et al. (1973) found that first grade students who participated in SCIS lessons showed 

greater improvement in reasoning skills than students who participated in lessons that 

primarily utilized the textbook.  Yager and Akcay (2010) found that inquiry-based 

instruction was associated with improved process skills, creativity, and ability to apply 

knowledge.   

It is also important to note that inquiry-based teaching has been associated with 

positive outcomes for students of all ages.  As previously mentioned, Patrick et al. (2009) 

found that kindergarten students who participated in inquiry-based lessons showed 

greater competence and perceived knowledge and reported liking science more than 

students who participated in traditional lessons.  Bay et al. (1992) and Drake and Long 

(2009) studied elementary students, and Blanchard et al. (2010), Sher Awan (2013), and 

Yager and Akcay (2010) focused on middle and high school students.  Leonard (1983) 

examined the impact of instruction based on the BSCS in several sections of General 

Biology at a large Midwestern university.  Twelve sections received inquiry-based 

instruction for the entire semester; the other sections participated in traditional, lecture-

based instruction.  Posttest mean scores were significantly higher for students in the 

inquiry-based instruction group.   
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Studies in Support of Direct Instruction 

 Despite the overwhelmingly positive results in favor of inquiry-based instruction, 

some studies have found direct instruction approaches to be more effective.  For example, 

Areepatamannil (2012) found that student investigations and hands-on activities were 

negative predictors of science achievement for seventh through twelfth grade students in 

Qatar.  Data for the study were collected from the 2006 Program for International Student 

Assessment (PISA); results from over 5,000 Qatari adolescents were analyzed for the 

study.  As part of the 2006 PISA science assessment, students responded to 17 items that 

asked about the frequency of various instructional methods in their classes.  Students who 

reported a high frequency of student investigations and hands-on activities scored 

significant lower in science achievement than students who reported a low frequency of 

these instructional methods.  As part of an action research study, Booth (2001) compared 

the use of inquiry-based and traditional cookbook-type labs on high school biology 

students’ understanding of diffusion and osmosis. The two labs used for this investigation 

were the Egg Lab and the Potato Lab.  Two of the biology classes participated in an 

inquiry version of the Egg Lab and a traditional version of the Potato Lab, and the other 

two biology classes participated in the traditional version of the Egg Lab and an inquiry 

version of the Potato Lab.  Students took a quiz after completing both labs; average 

scores for both quizzes were higher for students who performed the traditional labs.   

 Klahr and Nigram (2004) compared the impact of direct instruction and inquiry-

based learning on third and fourth grade students.  In order to emphasize the difference 

between the two instructional approaches, the teachers’ only contribution for the inquiry 

group was to suggest a learning objective; however, lesson materials, objectives, pacing, 
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and instruction were all tightly controlled by teachers for the direct instruction group.  

The learning objective was for students to master control-of-variables (CVS) in 

experimental designs and then apply their understanding of CVS in evaluating peers’ 

experimental designs for science fair posters.  Students in the direct instruction group 

more accurately assessed the science fair posters than students in the inquiry group.  

Dean and Kuhn (2007) also measured fourth grade students’ mastery of CVS after 

participation in various instructional conditions; however, their study included three 

groups: (1) students who had no direct instruction on CVS but did have extended time to 

discover the impact of manipulating variables in experiments; (2) students who 

participated in one direct instruction lesson on CVS; and (3) students who participated in 

one direct instruction on CVS and also had extended time to discover the impact of 

manipulating variables in experiments.  Students who received direct instruction on CVS 

(groups 2 and 3) performed better on three different computer-based tasks than students 

who received no direct instruction on CVS.    

Inconclusive Studies 

 Other studies have produced inconclusive results.  Cobern et al. (2010) questioned 

the generalizability of previous studies comparing inquiry and direct instruction due to 

the types of activities classified as direct instruction.  According to Cobern and 

colleagues, many studies use a passive form of direct instruction that emphasizes 

memorization and rote learning.  In order to have a fair comparison of the two types of 

instruction, both must include active student engagement and incorporate “hands-on” and 

“minds-on” activities.  Because of these criticisms, Cobern and colleagues wanted to 

examine “whether an inquiry approach or a direct approach to experientially-based 
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instruction is more effective for science concept development, when both approaches are 

expertly designed and well executed” (Cobern et al., 2010, p. 2).  As part of a two-week 

summer program at Western Michigan University, 180 eighth grade students were 

assigned to either inquiry or direct instruction.  Two different concepts were emphasized 

in the summer program:  forces and light.  Differences in posttest scores were not 

significant for either concept.  In a study conducted by Lederman, Lederman, Wickman, 

and Lager-Nyqvist (2007), six middle school teachers used three instructional methods to 

teach different classes throughout the day:  inquiry, direct, and a hybrid between inquiry 

and direct instruction.  There were no significant differences in students’ posttest scores 

of subject matter or attitudes.   

 A few of the studies described previously with regard to results in support of 

inquiry also found inconclusive results related to other measures.  Yager and Ackay 

(2010) found that middle school students who participated in inquiry-based instruction 

scored higher on measures of process skills, creativity, application abilities, and attitudes 

about science than students who participated in direct instruction; however, there was no 

difference in students’ mastery of the content.  Drake and Long (2009) found that fourth 

grade students who participated in inquiry-based instruction scored higher on posttests, 

had less stereotypical views of scientists, and showed more on-task behavior; however, 

there was no significant difference in retention as indicated by a posttest given four 

months after instruction.  The study by Bay et al. (1992) produced the opposite results.  

Students who participated in inquiry-based instruction showed better retention of 

learning; however, there was no significant difference on the posttest given immediately 

after instruction.     
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Assessing Student Understanding 

 As indicated previously, assessment of student understanding is an essential 

component of both inquiry and direct instruction. Within both instructional approaches, a 

variety of formats can be used; two of the most common formats are fixed response and 

constructed response items.  Fixed response items require test-takers to select the answer 

from a list; examples of this type of question include true/false, matching, and multiple 

choice.  Constructed response items require students to develop a response; examples 

include fill-in-the-blank, short answer, and essay questions (Ko, 2010; Kuechler & 

Simkin, 2010; Martinez; 1991).  Fixed response items are generally thought to be easier 

because they simply require students to recognize the correct answer and do not elicit the 

higher levels of cognitive processing required of constructed response questions (Ko, 

2010; Lissitz & Hou, 2012). 

 Only one study was found that examined the difference between constructed and 

fixed response items in the context of science understanding.  Participant’s in Martinez’s 

(1991) study completed 25 constructed response items over life science, physical science, 

and Earth and space science content; they also answered 25 multiple choice questions 

over the same content.  Participants performed significantly better on the multiple choice 

questions than the constructed response questions.  A handful of studies have explored 

this issue in other contexts.  Hastedt and Sibberns (2005) compared country rankings for 

multiple choice and constructed response portions on the 1995 Trends in International 

Mathematics and Science Study assessment, and they found that most countries 

performed similarly on both portions.  They explain, “Some differences that appear to be 

significant on one scale are not on another.  But no country that was found to be 
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significantly better than another country on the international score could be found to be 

significantly worse than the other country based on the multiple choice scale or the 

constructed response scale” (Hastedt & Sibberns, 2005, p. 148).  Ko (2010) examined 

reading comprehension using multiple choice and constructed response items; students 

performed significantly better on multiple choice items.    

Rationale for this Research Study 

 Most studies on direct and inquiry instruction that were reviewed to inform this 

study used multiple choice assessments to assess student knowledge.  Many more studies 

were found in support of inquiry-based instruction than in favor of direct instruction; 

however, one criticism of many of these studies is that the type of direct instruction is not 

described in detail.  It is possible that a passive form of direct instruction that emphasized 

rote learning and memorization was compared with a very active, engaging, and well-

developed form of inquiry-based instruction (Cobern et al., 2010).  If this is the case, then 

inquiry-based instruction will undoubtedly lead to greater increases in learning.  For the 

present study, students in both the direct and inquiry groups participated in well-

developed, active, and meaningful instruction, and it was expected that both groups 

would show improvements in their understanding of diffusion and osmosis; however, the 

data analysis focused on differences in the level of understanding and misconceptions of 

students in the two groups.  Two instruments, the fixed response Diffusion and Osmosis 

Diagnostic Test and the constructed response Concept Evaluation Statement, were used 

to assess student understanding of these concepts to determine if the different types of 

instruction lead to differences in performance and misconceptions on the different types 

of assessment.  An additional aspect of the present study that makes it unique compared 



49 
  

to previous research was the collection and analysis of qualitative data in the form of 

open-ended surveys and focus group interviews in order to gain insight on various factors 

of direct and inquiry-based instruction that impacted student understanding and 

misconceptions about diffusion and osmosis.        

Summary 

 Scientifically literate individuals possess both scientific knowledge and the ability 

to apply this knowledge to make decisions and solve problems (AAAS, 1993; NGSS 

Lead States, 2013; NRC, 1996; Rutherfold & Ahlgren, 1989).  In order to improve 

students’ scientific literacy, educators must be aware of and take steps to address 

students’ science misconceptions (Bass et al., 2009; Dispezio, 2010).  Misconceptions are 

widespread, spanning all age ranges and science concepts.  Many secondary students 

have misconceptions about diffusion and osmosis, two closely related concepts 

commonly taught in high school biology classes (Marek et al., 1994; Odom, 1995; Odom 

& Barrow, 1995; Odom & Barrow, 2007; Odom & Kelly, 2001; Tekkaya, 2003).  

Science teachers must take steps to address these misconceptions so that students have 

the necessary foundation for understanding more complex biological concepts (Lankford 

& Friedrichsen, 2012; Odom, 1995; Westbrook & Marek, 1991).   

 Many science experts recommend teaching science content and addressing 

misconceptions using an inquiry-based approach (AAAS, 1993; NGSS Lead States, 

2013; NRC, 1996; Rutherfold & Ahlgren, 1989).  In order to address student 

misconceptions, Bass et al. (2009) recommend using a lesson sequence that first 

identifies students’ misconceptions, then promotes student dissatisfaction with their 

misconceptions before introducing scientific conceptions, and finally provides students 
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with apply their new conceptions.  Inquiry-based instructional methods naturally lend 

themselves to this type of lesson sequence.  Despite the strengths of inquiry, many 

teachers rely heavily on direct instruction due to various challenges in implementing 

inquiry-based instruction.  These include limited teacher knowledge and self-efficacy, 

inadequate professional development experiences, limited time and resources, pressures 

related to high stakes testing, and commitments to various textbooks and curricula 

(Anderson, 2002; Barrow, 2006; Capps & Crawford, 2013; Duffy & Raymer, 2010; 

Hardin, 2009; Hayes, 2002; Longo, 2010). 

 A variety of methods can be used to assess student understanding of science 

concepts; two common formats include fixed response and constructed response items.  

Fixed response items, such as multiple choice questions, require students to select the 

answer from a list.  Constructed response items, such as short answer and essay 

questions, require students to develop a response on their own (Ko, 2010; Kuechler & 

Simkin, 2010; Martinez, 1991).  Both types of assessment were used in the present study 

to gain insight about students’ understanding of and misconceptions about diffusion and 

osmosis in the present study.  Additionally, the collection and analysis of qualitative data 

in the form of open-ended surveys and focus group interviews provided insight on 

various factors of direct and inquiry-based instruction that impacted student 

understanding.
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CHAPTER THREE 

 

Methodology

 

 

 A mixed methods design was used for this study; this type of design provides 

insight that quantitative or qualitative methods alone cannot provide.  This study aimed to 

investigate differences in student understanding of diffusion and osmosis after 

participation in either direct or inquiry-based lessons.  A strictly quantitative study would 

have only allowed the researcher to determine if there was a difference in student 

understanding after instruction.  Adding the qualitative piece allowed the researcher to 

determine what instructional factors, if any, had the greatest impact on differences in 

understanding.  The purpose of this chapter is to describe all aspects of the research 

methodology:  the research questions, the research design, the context, data collection 

and analysis, validity for the quantitative and qualitative phases, and limitations and 

ethical considerations of the study. 

Research Questions 

 The overarching research question for this study was:  Is there a difference in the 

level of understanding of diffusion and osmosis for students exposed to inquiry-based 

lessons compared to those exposed to direct instruction lessons.  The following sub-

questions were used to address the overarching question.  These two questions guided the 

quantitative phase: 
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 (Q1) Is there a relationship between ninth grade biology students’ understanding of 

diffusion as measured by their response to a concept evaluation statement (CES) 

and their participation in either direct instruction or inquiry-based lessons? 

(Q2) Is there a relationship between ninth grade biology students’ performance on the 

Diffusion and Osmosis Diagnostic Test (DODT) and their participation in either 

direct instruction or inquiry-based lessons? 

These two quantitative questions translated into the following hypotheses: 

 (H1) Students who participate in inquiry-based lessons will score higher on the CES 

 compared to students who participate in direct instruction lessons. 

(H2) There will be no difference in scores on the DODT for students who participate in 

 inquiry-based lessons and students who participate in direct instruction lessons. 

The qualitative phase was guided by the following questions: 

(Q3) What are the factors of inquiry-based instruction that impact a student’s level of 

understanding of diffusion as measured by CES response and performance on the 

DODT? 

(Q4) What are the factors of direct instruction that impact a student’s level of 

understanding of diffusion as measured by CES response and performance on the 

DODT? 

Research Design 

An embedded mixed methods case study design was used for this study. 

According to Creswell (2007), “Case study research involves the study of an issue 

explored through one or more cases within a bounded system” (p. 73).  The bounded 

system refers to the context of the case study, such as a physical location or a specific 
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time frame during which the study occurs.  The present research design represents a case 

study because the population studied and the time frame during which the data were 

gathered were very narrowly defined.  The participants in the study were all ninth grade 

biology students at Charter High School during the 2014-2015 school year.  The data 

were gathered during the first nine weeks of the school year (August 13 – October 17, 

2014).   

 A researcher employs an embedded mixed methods design when he or she uses a 

traditional quantitative or qualitative design to gather both quantitative and qualitative 

data.  According to Creswell and Plano Clark (2011), “The premises of this design are 

that a single data set is not sufficient, that different questions need to be answered, and 

that each type of question requires different types of data” (p. 91).  In an embedded 

design, one data set often fills a secondary role in the study; this supporting data can be 

collected before, during, or after the collection and analysis of the primary data set.  For 

example, qualitative data may be collected before a larger experiment to refine the 

recruitment or intervention procedures, during the experiment to describe the process or 

participants’ experiences, or after the experiment to explain specific outcomes or 

participants’ responses to the results.   

For the present study, a quasi-experimental design was used to answer the first 

two research questions, which examined the relationship between ninth grade biology 

students’ knowledge and comprehension of diffusion and osmosis and their exposure to 

either inquiry-based lessons or direct instruction.  Specifically, a nonequivalent control 

group design, in which two or more groups are pretested before treatment and posttested 

after treatment, was used to gather quantitative data.  This differs from a true 
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experimental pretest-posttest control group design because “it involves random 

assignment of intact groups to treatments, not random assignment of individuals” (Gay, 

Mills, & Airasian, 2009, p. 259).  For the research described here, four freshman-level 

biology classes at Charter High School during the 2014-2015 school year represented the 

intact groups that were included in the study.  Two classes were randomly assigned to 

receive direct instruction on diffusion and osmosis; the other two classes were randomly 

assigned to receive inquiry-based instruction.  Students in all classes completed a pretest 

and a posttest to measure their knowledge and comprehension of diffusion and osmosis.  

After the quantitative data were collected, qualitative data in the form of open-ended 

surveys and focus group interviews were gathered to examine specific factors of inquiry-

based instruction and direct instruction that impacted students’ knowledge and 

comprehension of diffusion and osmosis.   

Context 

Setting 

This study took place at Charter High School.  This site was purposely chosen 

because the researcher is a high school science teacher at Charter High School.  The 

superintendents and high school administrators are very open to and encouraging of 

research being conducted at the school.   

 Charter High School is part of a small charter school district in central Texas.  

The district consists of two elementary campuses and a combined middle and high school 

campus.  District-wide, 43% of students are black, 29% are white, 23% are latino, and 

3% are other ethnicities.  Sixty-two percent of students qualify for free or reduced 

lunches.  At the high school, 32% of students are black, 42% are white, 23% are latino, 
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and 3% are other ethnicities.  Forty-eight percent of high school students qualify for free 

or reduced lunches. 

Participants 

 Charter High School had four freshman-level biology classes during the 2014-

2015 school year; the researcher was also the biology teacher at Charter High School 

during this time.  Participants for the study included all ninth grade students enrolled in 

these classes.  There were a few tenth grade students enrolled in these classes; however, 

they were not included in the study because they were taking biology for a second time or 

had taken other high school level science classes (ex: chemistry) that might have 

impacted their understanding of diffusion and osmosis.   

 All students were required to sign an assent form prior to commencement of the 

study.  Additionally, because they were under the age of 18, parents/ guardians were 

asked to sign a consent form prior to study commencement.  The pretest, treatment, and 

posttest activities were class requirements for all students enrolled in biology during the 

2014-2015 school year, but only those students who agreed to participate and also had the 

consent of a parent/guardian were included in the study.   

 Students participated in direct instruction or inquiry-based lessons based on the 

biology section in which they were enrolled for the 2014-2015 school year.  Two 

sections, with a combined total of 23 students, were randomly selected to receive direct 

instruction on diffusion and osmosis; the other two sections, with a combined total of 21 

students, were randomly assigned to receive inquiry-based instruction.  
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Gaining Access and Building Rapport 

 The superintendents and high school administrators of Charter High School are all 

open to and encouraging of research being conducted at the school.  The students had 

completed about a month of school when the study began; therefore, the researcher had 

the opportunity to build relationships with the students and their parents prior to the 

collection of any data.  Students and their parents were reassured that their decision 

regarding participation in the study would have no impact on students’ grades, that the 

researcher would not have access to consent forms until after first quarter grades were 

reported, and that all data would be reported anonymously.  

Quantitative Phase 

Data Collection 

 The quantitative phase of this study addressed students’ performance on the 

DODT and understanding of diffusion as measured by their CES response after 

participation in either direct or inquiry-based instruction.  Prior to participation in direct 

or inquiry instruction on diffusion and osmosis, students in both the direct group and the 

inquiry group wrote an open-ended response to a diffusion CES and completed the 

multiple choice DODT.  They completed and submitted their CES response prior to 

administration of the DODT because one of the questions on the DODT is similar to the 

CES and might have influenced their CES response if the two instruments were 

administered in the opposite order.  After completion of instruction on diffusion and 

osmosis, students in both groups again wrote an open-ended response to the CES and 

took the DODT.   
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Instrument:  Concept Evaluation Statement 

Students’ level of understanding of diffusion was measured by their response to a 

CES (Marek, 1986; Simpson & Marek, 1988).  CESs describe a science-related scenario 

and ask students to respond to specific questions or provide an explanation of the 

phenomenon described in the statement.  CESs have been used in previous studies to 

measure students’ level of understanding of a variety of biological concepts, including 

cells, diffusion, homeostasis, classification of plants and animals, and food production in 

plants (Marek, 1986; Simpson & Marek, 1988; Westbrook & Marek, 1991; Westbrook & 

Marek, 1992).   

 A diffusion CES was first developed for a 1986 study by Marek that examined 

students’ level of understanding of cells and diffusion.  This diffusion CES reads as 

follows: 

 A ten gallon glass container is full of clear water.  Several drops of a dark blue 

 dye are dropped on the surface of the water.  The dye begins to swirl, then spread 

 throughout the water.  Eventually the water changes from colorless to light blue.  

 In a paragraph describe how the blue dye spread to change the color of the water 

 to a uniform light blue.  (Marek, 1986, p. 38) 

 

Based on specific criteria determined by Marek, a Concept Evaluation Scheme (CESCH) 

was created to classify students’ responses by the following levels of understanding: 

sound understanding, partial understanding, specific misunderstanding, or no response.  

Of 60 high school biology students who participated in this pilot study, only 9 

demonstrated sound understanding of diffusion.  Over half of the students either stated a 

specific misunderstanding or provided no response.   

 The original diffusion CES was changed slightly for a follow-up study by 

Simpson and Marek (1988) that compared students from small schools with students 
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from large schools in their levels of understanding of diffusion, homeostasis, 

classification of plants and animals, and food production in plants.  The CESCH was also 

modified to include the following levels of understanding:  sound understanding, partial 

understanding, partial understanding with misunderstanding, complete misunderstanding, 

and no response. 

 The diffusion CES was amended again for a study by Westbrook and Marek 

(1991) to read as follows: 

 A ten gallon glass container setting on a table is full of clear water.  Several drops 

 of dark blue dye are dropped on the surface of the water.  In a paragraph, explain 

 what will happen to the dye.  Be sure to write down any specific details about the 

 process you describe.  Name the process.  (p. 651) 

 

This revision was made to allow students to demonstrate some level of understanding at a 

less abstract level.  Westbrook and Marek (1991) explain, “Specifically, it was 

determined that the previous CES had deleted the potential for a reasonable concrete 

response such as: ‘The dye will hit the water and turn all the water blue’” (p. 651).  The 

researchers also added an additional level to the CESCH to distinguish responses that 

demonstrated a theoretical or molecular understanding of diffusion (complete 

understanding) from those that demonstrated a complete concrete, but not molecular, 

understanding of diffusion (sound understanding).  The CES and CESCH that were 

developed for Westbrook and Marek’s (1991) study were used in the present study. 

Validity and reliability of CES.  The original versions of the diffusion CES and 

CESCH for Marek’s 1986 study were validated for content and revised based on the 

recommendations of a panel of science experts and science educators.  Before the 

modified versions of the CES and CESCH were used in Westbrook and Marek’s (1991) 

study, a pilot study found that “the revisions had no appreciable effect on the level of 



59 
  

student understanding of the question, but a greater number of students were able to (and 

did) respond to the CES” (p. 651). 

Analysis of CES data.  Students’ responses to the diffusion CES were evaluated to 

determine their level of understanding using the CESCH created by Westbrook and 

Marek (1991, p. 652).  Table 1 contains this CESCH. 

Table 1 

Concept Evaluation Scheme for Analysis of CES Data 

Level of Understanding Criteria 

 

Complete understanding 

 

The students’ response parallels a theoretical, scientific view of the 

concept.  The response must include all of the following:  The 

random movement of the molecules of the blue dye from areas of 

high concentration to areas of low concentration.  This random 

movement results in the blue dye molecules being evenly distributed 

among the water molecules.  The process is known as diffusion. 

Sound understanding The student’s response is complete, but not molecular in nature.  The 

response is concrete rather than theoretical.  For example, “The dye 

will move from place to place where there is more dye to a place 

where there is less dye until all the water is blue.  This is called 

diffusion.”  No attempt is made to identify the molecular interactions 

and no incorrect information is given. 

Partial understanding The students’ response contains part, but not all, of the information 

necessary to convey their complete or sound understanding.  No 

incorrect information occurs in the response. 

Partial understanding with specific 

misconception 

The student’s response contains correct information, but also 

indicates a misunderstanding concerning some aspect of the concept. 

Specific misconception The students’ response indicates a complete misunderstanding of the 

concept. 

No understanding The student’s response consists of “I don’t know,” the question 

repeated, or irrelevant remarks.  (No response to the CES is 

considered to indicate no understanding.) 
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For the present study, responses for the different levels of understanding were tabulated, 

and a bar graph was created to display the percentage of responses at each level of 

understanding on the pretest and posttest for both groups.   

 Additional information was obtained from the CES data by categorizing the types 

of misconceptions contained in student responses; the categories of misconceptions were 

based on a similar study by Westbrook and Marek (1991) and included the following: 

1. Misconceptions about the process occurring when the dye was dropped into 

the water; 

 

2. Misconceptions about the distribution of dye in the water; and 

 

3. Misconceptions about the change in color, form, or molecular nature of the 

dye during the diffusion process.  (pp. 654-655) 

 

Instrument:  Diffusion and Osmosis Diagnostic Test 

 As a pretest and posttest, students in both groups completed the DODT, which 

consists of “12 two-tier multiple choice items” (Odom & Barrow, 1995, p. 45).  The first 

tier questions (designated as “a”) address content knowledge, and the second questions 

(designated as “b”) require participants to select a reason for their answer to the “a” 

question.  The following is an example from the DODT: 

1a.   Suppose there is a large beaker full of clear water and a drop of blue dye is 

added to the beaker of water.  Eventually the water will turn a light blue 

color.  The process responsible for blue dye becoming evenly distributed 

throughout the water is: 

a. Osmosis 

b. Diffusion 

c. A reaction between water and dye 
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1b. The reason for my answer is because: 

a. The lack of a membrane means that osmosis and diffusion cannot 

occur. 

b. There is movement of particles between regions of different 

concentrations. 

c. The dye separates into small particles and mixes with water. 

d. The water moves from one region to another.  (Odom & Barrow, 1995, 

p. 56) 

 

The full DODT can be found in Appendix A. 

 The DODT was first created and used by Odom and Barrow (1995) as a way to 

measure misconceptions of college biology students after participating in a unit on 

diffusion and osmosis.  The first stage of development involved making a list of 

propositional knowledge statements to define the content boundaries; these statements are 

based on an analysis of biology textbooks and laboratory manuals.  The final list consists 

of 22 propositional knowledge statements: 

1. All particles are in constant motion. 

2. Diffusion involves the movement of particles. 

 

3. Diffusion results from the random motion and/or collisions of particles (ions 

or molecules). 

 

4. Diffusion is the net movement of particles as a result of a concentration 

gradient. 

 

5. Concentration is the number of particles per unit volume. 

 

6. Concentration gradient is a difference in concentration of a substance across 

space. 

 

7. Diffusion is the net movement of particles from an area of high concentration 

to one of low concentration. 

 

8. Diffusion continues until the particles become uniformly distributed in the 

medium in which they are dissolved. 

 

9. Diffusion rate increases as temperature increases. 
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10. Temperature increases motion and/or particle collisions. 

 

11. Diffusion rate increases as the concentration gradient increases. 

 

12. Increased concentration increases particle collisions. 

 

13. Diffusion occurs in living and nonliving systems. 

 

14. Osmosis is the diffusion of water across a semipermeable membrane. 

 

15. Tonicity refers to the relative concentration of particles on either side of a 

semipermeable membrane.   

 

16. A hypotonic solution has fewer dissolved particles relative to the other side of 

the membrane. 

 

17. A hypertonic solution has more dissolved particles relative to the other side of 

the membrane. 

 

18. An isotonic solution has an equal number of dissolved particles on both sides 

of the membrane. 

 

19. Osmosis is the net movement of water (solvent) across a semipermeable 

membrane from a hypotonic solution to a hypertonic solution. 

 

20. Osmosis occurs in living and nonliving systems. 

 

21. A semipermeable membrane is a membrane that selectively allows the 

movement of some substances across the membrane while blocking the 

movement of others. 

 

22. Cell membranes are semipermeable.  (Odom & Barrow, 1995, p. 47) 

 

Next, Odom and Barrow (1995) interviewed 20 biology students who had recently 

participated in a laboratory and discussion on diffusion and osmosis; these interviews 

were used to develop a list of common misconceptions about diffusion and osmosis.  

Based on the 22 propositional knowledge statements and common misconceptions, Odom 

and Barrow developed the first version of the DODT, a 15-item, two-tier test.  The first 

tier consisted of multiple choice items, but the second tier required students to write a 

response to the statement, “The reason for my answer is because _____” (Odom & 
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Barrow, 1995, p. 48).  This test, which was given to 171 college biology students, was 

used to gain more insight on common misconceptions and to create multiple choice 

responses for the second tier questions.  After developing these answer choices and 

reducing the total number of items from 15 to 12, Odom and Barrow conducted a pilot 

study and then made minor revisions to the instrument to create the final version of the 

DODT.   

The DODT covers specific concepts related to students’ understanding of 

diffusion and osmosis:  “the particulate and random nature of matter, concentration and 

tonicity, the influence of life forces on diffusion and osmosis, membranes, kinetic energy 

of matter, the process of diffusion, and the process of osmosis” (Odom & Barrow, 1995, 

p. 45).  Each of the propositional knowledge statements fits within at least one of these 

concepts.  Table 2 shows which concepts and propositional knowledge statements 

correspond with each item on the DODT (Odom & Barrow, 1995, p. 49). 

Validity and reliability of DODT.  The validity and reliability of the DODT were 

addressed in previous studies (Odom, 1995; Odom & Barrow, 1995).  To determine the 

face validity of the instrument, the researchers created a table similar to Table 2 to ensure 

that each item on the DODT incorporates at least one of the propositional knowledge 

statements.  Additionally, items were only included on the DODT if a panel of experts 

agreed that they met the following criteria: 

1. Does the question assess the content as defined by the validated propositional 

knowledge statements? 

 

2. Is the question at a level of sophistication appropriate for college freshman 

biology students? (Odom, 1995, p. 409) 
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Although the DODT was initially created at a level appropriate for college students, it has 

been used in studies of high school students’ understanding of diffusion and osmosis; 

therefore, it was appropriate for use in the present study (Odom, 1995; Odom & Kelly, 

2001). 

Table 2 

Correlation of DODT Items with Concepts and 

Propositional Knowledge Statements 

 

Item Number Concept Propositional Statements 

 

1 

 

The process of diffusion 

 

 

2, 4 

2 The particulate and random nature of 

matter 

 

2, 4, 5, 6, 7, 12 

3 The particulate and random nature of 

matter 

 

2, 3, 4, 11, 12 

4 Concentration and tonicity 

 

5 

5 The process of diffusion 

 

4, 5, 6, 8 

6 The particulate and random nature of 

matter 

 

1, 2, 3, 8 

7 Kinetic energy of matter 

 

9, 10 

8 The process of osmosis 

 

14, 19, 21 

9 Concentration and tonicity 

 

15, 16, 17, 18 

10 The process of osmosis 

 

14, 19, 22 

11 The influence of life forces on 

diffusion and osmosis 

 

13, 20 

12 Membranes 

 

21, 22 
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 Odom and Barrow’s (1995) study includes information about the reliability, 

difficulty, indices, and discrimination indices of the DODT.  Regarding the reliability of 

the instrument, they explain, “The split-half reliability was determined by correlation of 

the odd and even test questions.  The whole test reliability was estimated to be 0.74 using 

the Spearman-Brown formula” (Odom & Barrow, 1995, p. 50).  The mean difficulty 

index for all test items is 0.53.  The mean discrimination index for all test items is 0.45; 

items with a discrimination index below 0.20 were revised or eliminated from the DODT.  

Table 3 provides a summary of the difficulty and discrimination indices for all test items 

(Odom & Barrow, 1995, p. 50). 

Table 3 

DODT Difficulty and Discrimination Indices 

Indices Index Range Number of Test Items  

 

Difficulty Indices 

0.20 – 0.29 2 

0.30 – 0.39 2 

0.40 – 0.49 1 

0.50 – 0.59 3 

0.60 – 0.69 1 

0.70 – 0.79 1 

0.80 – 0.89 1 

0.90 – 0.99 1 

 

Discrimination Indices 

0.20 – 0.29 1 

0.30 – 0.39 2 

0.40 – 0.49 5 

0.50 – 0.59 3 

0.60 – 0.69 1 

 

Analysis of DODT data.  Data from the present study’s DODT was analyzed in a 

manner similar to that used in previous studies (Odom, 1995; Odom & Barrow, 1995; 

Odom & Kelly, 2001).  A table similar to Table 4 was constructed to compile data for all 

items.  
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Table 4 

Analysis of DODT Data for Correct Content Choice and Content/Reason Combination 

DODT Item 

Number 

Direct Instruction Group Inquiry-based Group 

Content 

(Tier 1) 

Reason* 

(Tier 2) 

Content 

(Tier 1) 

Reason* 

(Tier 2) 

1 % % % % 

2 % % % % 

3 % % % % 

4 % % % % 

5 % % % % 

6 % % % % 

7 % % % % 

8 % % % % 

9 % % % % 

10 % % % % 

11 % % % % 

12 % % % % 

*Correct content and reason combination 

 

 

Items on the DODT were only scored correct if both tiers were answered 

correctly.  Overall scores on the DODT were determined by calculating the percent of 

correct items (with both tiers answered correctly) out of the 12 total items.  The mean and 

standard deviation of pretest and posttest scores were calculated for both groups.  A two-

factor analysis of variance (ANOVA) was conducted to determine the significance of the 

timing (pretest versus posttest) and instructional methods (direct versus inquiry) on 

DODT scores.  According to Gravetter and Wallnau (2011): 

In addition to evaluating the main effect of each factor individually, the two-

 factor ANOVA allows you to evaluate other mean differences that may result 

 from unique combinations of the two factors…Mean differences that are not 

 explained by the main effects are called an interaction.  (p. 432) 

 

For the present study, the two-factor ANOVA was used to evaluate three separate sets of 

mean differences: 
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1. Was there a difference in mean DODT scores on the pretest and the posttest? 

2. Was there a difference in mean DODT scores for students who participated in 

direct instruction compared to students who participated in inquiry instruction? 

3. How did specific combinations of timing of the DODT test and type of instruction 

impact DODT scores? 

The researcher conducted a closer item-analysis by creating a table similar to 

Table 5 for each item on the DODT. 

Table 5 

Analysis of Individual DODT Items for Each Response Combination 

Choice on  

First Tier 

Choice on Second Tier (Reason for First Tier Response)  

Total A B C D 

A % % % % % 

B % % % % % 

C % % % % % 

 

 

The researcher examined these tables for incorrect first-tier and second-tier answer 

combinations in order to gain insight on common misconceptions for both groups. 

Treatment 

 The direct and the inquiry groups received instruction on the same concepts in the 

same order; however, the method of instruction differed.  The concepts and order of 

presentation were determined based on previous studies by Odom (1995) and Odom and 

Kelly (2001).  In Odom’s study, 116 secondary students and 240 college students (123 

non-biology majors and 117 biology majors), completed the DODT after participation in 

specific activities on diffusion and osmosis.  In Odom and Kelly’s study, 108 high school 

biology students completed the DODT after participating in one of four different types of 
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instruction:  expository lessons, expository lessons supplemented with concept mapping, 

learning cycle lessons, and learning cycle lessons supplemented with concept mapping.  

For both of these studies, lessons covered the topics listed below and were presented in 

the following order: 

1. Diffusion of a solid in a liquid 

2. Effect of temperature on diffusion rates 

3. Effect of concentration on diffusion rates 

4. Diffusion through membranes 

5. Osmosis 

6. Consequences of osmosis in a closed system 

7. Water uptake by plant cells 

8. Observations of the central vacuole in Elodea (Odom, 1995, p. 410) 

Moreover, the lessons for both of these studies were designed to incorporate the 22 

propositional knowledge statements that were used to create the DODT.  For the present 

study, both groups participated in a lesson on each topic listed above.  See Appendix B 

for more details on each lesson, as well as a correlation of the propositional knowledge 

statements to the different lessons. 

 Students in the direct group participated in direct instruction lessons.  These 

lessons followed a format similar to that described by Madeline Hunter (1984).  The steps 

that were followed in these lessons included launch, objectives and purpose, instructional 

input, guided practice, independent practice, and closure.  The purpose of the launch was 

to pique students’ interest.  The purpose and objectives were explicitly stated before 

beginning the instructional input to focus their attention on the concepts that were 
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presented.  The instructional input was provided in a variety of ways, including lecture, 

multimedia presentations, and demonstrations.  The key difference between lessons for 

the direct group and lessons for the inquiry group was that the teacher told students in the 

direct group the concepts that were presented, whereas students in the inquiry group 

discovered these concepts on their own through their participation in structured activities 

designed by the teacher.  The guided practice portion of the lesson provided students with 

opportunities to practice what they learned under the guidance of the teacher.  The 

purpose of the independent practice portion of the lesson was to give students 

opportunities to practice new concepts and skills on their own.  Finally, the closure 

served as a way to summarize and reflect on the lesson (Bass et al., 2009).  

 Students in the inquiry group participated in inquiry-based lessons that followed 

the 5E format.  The 5E model was developed in the late 1980s as part of the Biological 

Sciences Curriculum Study (Bybee et al., 2006).  The five phases of this model include 

engage, explore, explain, elaborate, and evaluate.  The purpose of the engage stage was to 

pique students’ interest in the topic and to provide the teacher with an opportunity to 

uncover student misconceptions.  During this stage, the teacher raised questions and 

generated curiosity; she avoided explaining concepts and providing definitions.  The 

purpose of the explore phase was to allow students to gather data using a variety of 

observational and experimental procedures.  The teacher allowed students to struggle 

through various issues that arose, asked questions to redirect students when necessary, 

and served as a facilitator; she avoided explaining to students how to work through 

problems and leading students to a solution.  The explain stage began with the teacher 

asking students to describe and reflect on data gathered during the previous stage.  
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Building on student explanations, the teacher formally introduced scientific concepts 

during this stage.  The purpose of the elaborate stage was to give students opportunities to 

apply scientific concepts in new and different contexts.  The teacher required students to 

use terms and explanations learned during the previous stage and asked probing questions 

to guide students’ thought processes.  Evaluation, which is listed last in the sequence of 

stages, took place throughout each 5E lesson and consisted of formative and summative 

evaluations of student understanding (Bass et al., 2009). 

Qualitative Phase 

Data Collection 

 Creswell (2007) describes four different categories of qualitative data:  

observations, interviews, documents, and audiovisual materials.  To answer the 

qualitative questions of this study, two types of interview data were collected:  open-

ended surveys and focus group interviews.  After the posttest, all biology students 

completed an open-ended survey in which they reflected on their experiences with either 

direct or inquiry-based instruction.  This reflection piece was a requirement of the class, 

but only the surveys of students who agreed to participate and whose parents consented to 

their participation were included in the data.  (See Appendix C for an example of the 

survey instrument.) 

 Focus group interviews were conducted to provide additional insight on students’ 

experiences with direct or inquiry-based instruction.  Participation in these interviews 

was voluntary.  All ninth grade biology students were invited to participate, but 

participation was not a requirement of the biology classes or for inclusion in the study.  

Focus group interviews were conducted at Charter High School during the school day.  
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Multiple sessions were conducted to accommodate students’ schedules and to increase 

participation.  Additionally, students were divided into different focus groups based on 

their participation in direct or inquiry instruction.  Questions were developed prior to the 

interviews and were used to guide the focus group sessions; however, the focus group 

interviews were very fluid in nature as the researcher deviated from the interview 

protocol in order to ask follow-up questions and to encourage participants to elaborate on 

specific points.  (See Appendix D for an example of the interview protocol.)    

The focus group interviews took place during the time frame specified for the 

study (first nine weeks of the 2014-2015 school year).  The researcher did not review the 

assent and consent forms to determine inclusion in the study until after the end of the 

grading period; therefore, a few students who did not provide assent or receive parental 

consent took part in the focus group interviews.  Statements from these students were not 

included in the qualitative data.   

Data Analysis 

Creswell (2007) describes qualitative data analysis as a spiral process in which the 

researcher “engages in the process of moving in analytic circles rather than using a fixed 

linear approach” (p. 150).  Important stages in this process include managing the data; 

obtaining an overall picture of the data; describing, classifying, and interpreting the data; 

and representing and visualizing the data.  Data management for this study was 

accomplished by transcribing the open-ended surveys and focus group interviews.  The 

researcher obtained an overall picture of the data by reading the transcripts multiple times 

and making memos in the margins.  To describe, classify, and interpret the data, 

transcripts were then analyzed using a constant comparative method.  Creswell describes 
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the constant comparative method as the “process of taking information from data 

collection and comparing it to emerging categories” (p. 64).  This method begins with 

open coding, or coding the data for major categories of information.  The next phase of 

data analysis is referred to as axial coding and involves identifying one category, or core 

phenomenon, on which to focus.  Additional categories are created around this core 

phenomenon; these include causal conditions, strategies, intervening conditions, and 

consequences.  During the final phase, selective coding, the researcher described the 

interrelationship of the various categories.  For the present study, the researcher analyzed 

survey and interview transcripts by classifying student responses as being in support of 

direct instruction, in support of inquiry instruction, against direct instruction, or against 

inquiry instruction.  Within each of these larger categories, the researcher examined 

responses for common themes and subcategories; for example, statements in favor of 

direct instruction that specifically mentioned the benefits of laboratory or hands-on 

activities.   

Trustworthiness Strategies 

 Triangulation was used to establish the credibility of the qualitative data and 

analysis.  According to Creswell (2007), “In triangulation, researchers make use of 

multiple and different sources, methods, investigators, and theories to provide 

corroborating evidence” (p. 208).  Reflective surveys and focus group interviews were 

conducted to allow for triangulation of data.  In member-checking, “the investigator takes 

summaries of the findings back to key participants in the study and asks them whether the 

findings are an accurate reflection of their experiences” (Creswell & Plano Clark, 2011, 

p. 211).  For the present study, four of the focus group interview participants (two from 
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each group) were asked to review the overall qualitative findings and comment on 

whether these findings provided an accurate representation of their experiences during 

the diffusion and osmosis unit.  A science education professor conducted an external 

audit by reviewing the methods, analysis, and results of the study.   

Advantages and Limitations of the Study 

 There are both advantages and limitations to using an embedded mixed methods 

case study (Creswell & Plano Clark, 2011).  One of the main strengths is that this is an 

appropriate design when the researcher does not have the time or resources to collect both 

extensive quantitative and qualitative data; priority is given to one type of data in this 

design.  The supplemental data is not collected as an afterthought, however, but is instead 

purposely collected to enhance the overall study.  Another advantage of an embedded 

mixed methods case study design is that it allows different questions to be addressed.  In 

this study, for example, the quantitative strand examined differences in student 

understanding of diffusion and osmosis after participation in either direct or inquiry-

based lessons, and the qualitative strand explored possible factors of direct and inquiry-

based instruction that impacted students’ level of understanding.  Gathering both types of 

data provided additional insight on the issue rather than using just one type of data.  

Additionally, an advantage specific to this study was that the researcher was also the 

classroom teacher.  This eliminated the variable of bringing in an outsider to teach the 

lessons; the students were already familiar and comfortable with the classroom 

environment.  

 The questions that are addressed by the different strands of an embedded mixed 

methods study can pose a challenge to researchers.  Because different questions are often 
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considered in each phase of the study, integrating the results can be complicated. Also, in 

designing and gaining approval for the study, validating the need for both types of data 

can be difficult.  As Creswell and Plano Clark (2011) describe, “The researcher must 

specify the purpose of collecting qualitative (or quantitative) data as part of a larger 

quantitative (or qualitative) study” (p. 94).  Although the quantitative data were the focus 

of this study, the qualitative data were very important because they provided insight into 

the quantitative results.  One limitation specific to this study was the relatively small 

sample size.  This made it difficult to detect significant differences between the two 

groups on the different assessment instruments and affected the generalizability of the 

results to other groups.  Another limitation was that the researcher was also the teacher of 

the biology classes included in this study.  This increased the chance of bias being 

incorporated into the study, but the teacher/researcher took multiple precautions to 

prevent this through the use of data triangulation, member checking, and external audit. 

Ethical Considerations 

 Various ethical considerations arise whenever the researcher is also the teacher in 

an educational study.  One of these is students’ perception that they are being forced to 

participate in the study.  A number of steps were taken to avoid this.  A neutral third party 

(one of the administrators at the high school) explained the study to students.   

Additionally, this person distributed and collected student assent and parental consent 

forms.  The researcher did not have access to these forms until after final grades had been 

submitted for the first nine weeks grading period.    

 Because the type of instruction plays a central role in this study, another issue is 

the authenticity of direct and inquiry-based lessons.  Dr. Suzanne Nesmith, professor of 
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elementary science education and chair of the dissertation committee, served as a 

consultant in the design of all lessons that were used in this study.  She reviewed all 

lesson plans and materials to ensure that lessons accurately represented direct and 

inquiry-based instruction.   

Conclusion 

 As discussed in this chapter, this embedded mixed methods case study included 

the collection and analysis of both quantitative and qualitative data.  The quantitative 

phase addressed students’ understanding of diffusion and osmosis after participation in 

either direct or inquiry-based lessons.  Two different instruments were used to gather 

quantitative data:  the free response CES and the multiple choice DODT.  The qualitative 

phase was used to provide insight into the quantitative results.  Written surveys and focus 

group interviews were conducted to examine various factors of direct and inquiry-based 

instruction that influenced students’ understanding of diffusion and osmosis and 

performance on the CES and DODT. 
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CHAPTER FOUR 

 

Research Findings

 

 

The purpose of this study was to explore the level of understanding of diffusion 

and osmosis for students exposed to inquiry-based lessons compared to those exposed to 

direct instruction lessons.  The embedded mixed methods case study consisted of two 

phases.  During the quantitative phase, two different instruments, an open-ended 

diffusion Concept Evaluation Statement (CES) and the multiple choice Diffusion and 

Osmosis Diagnostic Test (DODT), were used to measure students’ understanding of 

diffusion and osmosis after participation in either direct or inquiry-based instruction.  

During the qualitative phase, students completed open-ended surveys and participated in 

focus group interviews to provide insight about the quantitative phase results.  This 

chapter contains the results from both phases of the research. 

Quantitative Phase 

 The following questions were used to guide the quantitative phase: 

(Q1) Is there a relationship between ninth grade biology students’ understanding of 

diffusion as measured by their response to a CES and their participation in either 

direct instruction or inquiry-based lessons? 

(Q2) Is there a relationship between ninth grade biology students’ performance on the 

DODT and their participation in either direct instruction or inquiry-based lessons? 
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Concept Evaluation Statement 

 Students provided an open-ended response to the 

following diffusion CES: 

A ten gallon glass container setting on a table is full of clear water.  Several drops 

 of dark blue dye are dropped on the surface of the water.  In a paragraph, explain 

 what will happen to the dye.  Be sure to write down any specific details about the 

 process you describe.  Name the process.  (Westbrook & Marek, 1991, p. 651) 

 

Students’ responses were evaluated according to the following Concept Evaluation 

Scheme (CESCH) found in Table 6 (Westbrook & Marek, 1991, p. 652). 

Table 6 

Concept Evaluation Scheme for Analysis of CES Data 

Level of Understanding Criteria 

 

Complete understanding 

 

The students’ response parallels a theoretical, scientific view of 

the concept.  The response must include all of the following:  The 

random movement of the molecules of the blue dye from areas of 

high concentration to areas of low concentration.  This random 

movement results in the blue dye molecules being evenly 

distributed among the water molecules.  The process is known as 

diffusion. 

 

Sound understanding The student’s response is complete, but not molecular in nature.  

The response is concrete rather than theoretical.  For example, 

“The dye will move from place to place where there is more dye 

to a place where there is less dye until all the water is blue.  This 

is called diffusion.”  No attempt is made to identify the molecular 

interactions and no incorrect information is given. 

 

Partial understanding The students’ response contains part, but not all, of the 

information necessary to convey their complete or sound 

understanding.  No incorrect information occurs in the response. 

 

Partial understanding with specific 

misconception 

The student’s response contains correct information, but also 

indicates a misunderstanding concerning some aspect of the 

concept. 

 

Specific misconception The students’ response indicates a complete misunderstanding of 

the concept. 

 

No understanding The student’s response consists of “I don’t know,” the question 

repeated, or irrelevant remarks.  (No response to the CES is 

considered to indicate no understanding.) 
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Figure 1 provides a summary of students’ level of understanding on both the pretest and 

posttest. 

 

Figure 1.  Students’ level of understanding of diffusion as measured by the CES. 

 

  

No students in either group displayed complete or sound understanding of 

diffusion on the pretest.  Additionally, no students in either group provided a response 

that showed no understanding of diffusion.  For the direct instruction group, the greatest 

percentage of students (52.2%, n = 12) provided pretest responses that demonstrated a 

specific misconception about diffusion.  In total, the pretest revealed that 87.0% (n = 20) 

of students in the direct group expressed some type of misconception about diffusion, as 

an additional 34.8% (n = 8) of students provided pretest responses that were scored as 

partial understanding with a misconception.  Only 13.0% (n = 3) of students provided a 
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pretest response that did not contain a misconception; however, these responses only 

demonstrated a partial, not sound or complete, understanding of diffusion. 

For the inquiry group, 80.9% (n = 17) of students’ pretest responses contained a 

misconception about diffusion, as 47.6% (n = 10) and 33.3% (n = 7) of student responses 

were scored as either partial understanding with a misconception or specific 

misconception, respectively.  Only 19.0% (n = 4) of students’ pretest responses 

demonstrated partial understanding of diffusion and did not contain a misconception. 

Both groups showed improvement in their understanding of diffusion on the 

posttest; however, no students in either group achieved the highest level of complete 

understanding.  For the direct group, 95.7% (n = 22) of students’ posttest responses 

demonstrated some understanding of diffusion on the posttest.  Partial understanding was 

the highest level of understanding demonstrated on the posttest by students in this group; 

26.1% (n = 6) of student responses received this ranking.  The majority of students’ 

posttest responses (69.6%, n = 16) showed partial understanding of diffusion but also 

contained a misconception.  Only one student provided a response that contained a 

specific misconception. 

For the inquiry group, all student responses displayed some understanding of 

diffusion after instruction.  On the posttest, 19.0% (n = 4) of students’ responses 

expressed a sound understanding of diffusion, and an additional 52.4% (n = 11) 

demonstrated partial understanding.  The remaining 28.6% (n = 6) demonstrated partial 

understanding but also displayed a misconception about diffusion.   
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Additional information was obtained from the CES data by categorizing the types 

of misconceptions contained in student responses; the categories of misconceptions were 

based on a similar study by Westbrook and Marek (1991) and included the following: 

1. Misconceptions about the process occurring when the dye was dropped into the 

water; 

 

2. Misconceptions about the distribution of dye in the water; and 

 

3. Misconceptions about the change in color, form, or molecular nature of the dye 

during the diffusion process. (pp. 654-655)   

 

Table 7 shows the frequency of each type of misconception on the pretest and posttest. 

Table 7 

Types and Frequency of Misconceptions Expressed on the Diffusion CES 

Type of Misconception 
Direct  

Pre 

Direct  

Post 

Inquiry  

Pre 

Inquiry 

Post 

 

Misconceptions about the 

distribution of dye in the water 

 

 

14 

 

11 

 

10 

 

6 

Misconceptions about the 

process occurring when the dye 

was dropped into the water 

 

7 4 7 1 

Misconceptions about the 

change in color, form, or 

molecular nature of the dye 

during the diffusion process 

 

7 4 1 0 

 

 

Some student responses contained multiple types of misconceptions, and each of these 

misconceptions was included in the totals above.  For example, if a student response 

included both a misconception about the process occurring and a misconception about the 

distribution of the dye in the water, then this student response contributed to the totals for 
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both of these categories.  For this reason, the numbers indicated here may seem higher 

than the percentages of student responses containing misconceptions that were discussed 

earlier.   

Misconceptions about distribution of dye in the water.  For both the direct and the 

inquiry groups, the most common type of misconception expressed on the pretest 

pertained to the distribution of dye in the water.  A total of 14 students in the direct group 

and 10 students in the inquiry group displayed this type of misconception.  The majority 

of students with this misconception expressed the belief that the dye would go to the 

bottom of the beaker and stay there or be more concentrated there; nine students in the 

direct group and seven students in the inquiry group made comments of this nature.  For 

example, Student D10 explained: 

 When you drop the blue dye into the water, the dye will stay there.  It will not mix 

 into the water completely because nothing is stirring it in.  The dye may  

 eventually drop to the bottom because there isn’t a force that’s making it combine 

 with the water.  I think this will happen because I have seen it before, the water 

 will just sit there. 

 

Student D23 gave this description: 

 When the droplets of food coloring are dropped in the water, they will float for a 

 few seconds.  They gradually start to sink, although some food coloring will leave 

 traces of being there.  After awhile it will reach the bottom of the water and sit 

 there. 

 

Student I18 stated, “The dye will darken the water as it sinks to the bottom of the glass.  

The bottom of the glass will be darker because the dye will sink to the bottom giving 

more of the dye to the bottom.”  Student I11 provided the following description:     

 When the several drops of blue dye are dropped in they sink in shorter than 

 halfway down.  Then all the water turns into a light blue.  The dye starts to spread 

 everywhere, and the place where it was dropped, the color starts to fade.  Soon all 

 of the water is some  type of blue but not dark.  The dye also goes deep to the 

 bottom, and the bottom is darker than the top. 
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Another misconception related to the distribution of the dye in the water was the 

idea that the dye would remain near the surface.  Two students in the direct group and 

one student in the inquiry group displayed this misconception.  For example, Student D14 

stated the following: 

The dark blue dye added will combine with the water turning the surface a lighter 

 blue.  The blue dye and drops will start growing larger and then they will start 

 turning the surface of the water blue.  The water will remain still and the blue will 

 remain at the top. 

 

Student D8 explained, “When the dark blue dye is dropped on the surface of the water, 

some of it will mix with the water, and some of it will stay close to the surface.”  Student 

I6 wrote, “Once the dye is added, it will begin to stay towards the top forming a layer.  

The reason it does this is because the water is more dense than the dye, causing the dye to 

rise to the top.”  

 One student in each group described swirling of the dye as necessary for its 

distribution throughout the beaker of water.  Student D3 wrote, “Once the drops fell into 

the water they slowly start to swirl around and make the water change color.”  Student 

I10 explained, “So once the dye has been added to the water, the water will start to 

change color.  The water will slowly start turning blue.  At first the dye will look almost 

swirled in the water.” 

 Student D2 stated that the “dye will sink to the middle of the glass of water and 

slowly move apart from each other.”  Student D22 expressed the belief that the addition 

of the dye to the water would not cause any noticeable change to the water because “the 

dark dye to the ten gallon glass of water is not a big enough amount.”  Student I5 

expressed the belief that a color change would occur in the water because of the strength 

of the dye by explaining, “The dye color is stronger than the clear water.  So when it hits 
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the water it will first stay in one spot; then it will slowly take over the clear water with it 

turning the clear water blue.” 

 Misconceptions related to the distribution of dye in the water were also the most 

common type of misconception expressed by students in both groups on the posttest.  A 

total of 11 students in the direct group and 6 students in the inquiry group provided 

responses that contained misconceptions about the distribution of the dye.  As seen on the 

pretest, some students stated that the dye would go to the bottom of the beaker and stay 

there or be more concentrated there; however, the number of students with this 

misconception did decrease from the pretest to the posttest from nine students to three 

students in the direct group and from seven students to two students in the inquiry group.  

Some of these students correctly stated that the water would turn light blue but still 

believed that the dye would be more concentrated at the bottom.  For example, Student 

D13 explained, 

 When the dye is added to the water, the water will turn light blue.  It will turn 

 light blue because the color particles are slowly spreading throughout the beaker.  

 This spread of the particles is a process called diffusion.  The bottom of the 

 beaker would be really dark. 

 

 During the diffusion and osmosis unit, students participated in lessons about the 

impact of the tonicity of a solution on the process of osmosis.  Because of this, a 

misconception found in the analysis of posttest results but not pretest results attributed 

the distribution of the dye to the water being hypotonic or hypertonic.  Two students in 

the direct group and one student in the inquiry group made statements related to this idea.  

For example, Student D6 wrote, “The ratio of the dye to the water would make the 

mixture hypotonic.”  Student D22 explained, “A hypotonic will be a warm water and 

hypertonic is a cold water.”  Student I15 stated, “All the particles of the blue dye spread 
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throughout the glass with the water being more hypotonic because it has a high amount of 

solvent.”   

 Other misconceptions displayed on the posttest regarding the distribution of the 

dye did not seem to follow any patterns or themes and were expressed by only one or two 

students.  Two students in the direct group stated that density played a role in distributing 

the dye.  For example, Student D1 wrote, “The dye moves from the densest area to the 

least dense area.”  Student D2 explained, “The dark dye will spread throughout the glass 

of water quickly because the water is light and the dark dye is more denser and will make 

the glass container of water darker.”  Two other students in the direct group attributed the 

distribution of the dye to expansion of the dye.  Student D3 stated, “What’s going to 

happen is that once you add the drops of food coloring and they come in contact with the 

water, it will begin to expand until all the water is blue.”  Student D10 wrote, “It will 

expand out and mix with the water.  This process is called diffusion, and it’s where the 

molecules of a substance expand.”  Two more students in the direct group expressed the 

misconception that the dye would be distributed throughout the beaker because it sticks 

to the water.  For example, Student D12 explained, “The water and dye molecules will 

stick to each other and move around.”  Similarly, Student D19 stated, “The dye will 

combine with the water and sink throughout the water.” 

 Among students in the inquiry group, one student’s posttest response revealed the 

belief that the dye would be unevenly distributed throughout the water.  Student I8 wrote,  

The dye will diffuse into the water, darkening the solution.  The water, however, 

 will not completely darken into the original color of the dye, the dye will turn a 

 medium blue in the center (middle) and the bottom, while at the sides it will be a 

 lighter blue.” 
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Another student’s response contained a misconception that was almost the opposite of 

Student I8’s, stating that the water would be as dark as the original drops of dye once the 

dye was fully distributed throughout the beaker.  Student I15 explained, “When you drop 

the dye into the water, instead of it being clear, it will turn fully blue the color of the 

dye.” 

 Misconceptions about the process occurring.  On the pretest, seven students in 

each group expressed misconceptions about the process occurring.  Students with this 

misconception most commonly described the process as dissolving; three students in the 

direct group and five students in the inquiry group expressed misconceptions of this 

nature.  For example, Student D16 stated, “As the dye went into the 10-gallon glass 

container of water, the dye dissolved and the water turned blue.”  Student I4 wrote, “The 

dye will spread in the water for a bit but will then dissolve.” 

 One student in each group attributed the process to gravity.  Student D11 

explained, “The blue dye will be dropped on the water and it will quickly drop down the 

cup momentarily from gravity.”  Student I13 stated that the “dye will fall down because 

of gravity.” 

 Two students in the direct group expressed the misconception that a chemical 

change was responsible for causing the water to turn blue.  Student D15 explained, “This 

is called a chemical change because the dye changed the formula from H2O to something 

else because it is no longer just water.”  Student D18 stated, “What is happening?  Well 

it’s a chemical reaction, the dye was dropped, the water absorbed it, then the dye was 

moved all around in the water, which then made the water change colors.”  Another 

student in the direct group described the process as melting.  Student D7 wrote, “As you 
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drop the dark blue dye into the water, it will start to look as if it is spreading across the 

water and ‘melting’ away leaving a clearish light blue tint.”  Student I15 referred to the 

process as evaporation and wrote, “the dye starts to evaperate into the water as the two 

mixes together.” 

 The number of misconceptions about the process occurring decreased in both 

groups from the pretest to the posttest, with four students in the direct group and only one 

student in the inquiry group providing responses that contained misconceptions about the 

process occurring.  During the diffusion and osmosis unit, students participated in lessons 

on the process of osmosis.  Because of this, a misconception found in the analysis of 

posttest results but not pretest results referred to the process as osmosis, as opposed to the 

correct process of diffusion.  For example, Student D9 wrote, “When the blue dye is 

dropped into the water, it will spread through the water.  This is called osmosis which is 

the spreading out of a solute through a solvent.”  Student I16 explained, “As the blue dye 

is dropped into the water, diffusion will occur, or more specifically, osmosis considering 

it is dealing with water.”  One student in the direct group expressed the misconception 

that the process represented dissolving, stating that “the blue dye is a solute.”      

Misconceptions about a change in the dye.  On the pretest, seven students in the 

direct group and one student in the inquiry group provided responses that contained 

misconceptions about changes in the dye after adding it to the water.  The most common 

misconception of this nature was the idea that the dye lightens in color when it is added 

to the water; four students in the direct group articulated this belief.  For example, 

Student D17 stated, “I think that if you were to drop several drops of dark blue dye (so 

about 15), I think that the dye will go in, but the dark blue dye will turn a light color blue 
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as it spreads out in the water.”  Similarly, Student D12 wrote, “At first the drops will stay 

the same, but then start to sink.  As they sink, they spread infusing with water and 

lightening in color.”  Student D12 also expressed the belief that a chemical change was 

taking place because “bonds are being made to hold the color, and spread the tint.”  

Student D6 debated as to whether a chemical or physical change was taking place, 

explaining, “I am not sure if there is a chemical reaction that occurs between the dye and 

the water.  It could just simply be a mixture that dilutes the dye.” Student I14, the only 

student in the inquiry group whose response contained a misconception about a change in 

the dye, stated that the dye “separated into small parts.” 

 On the posttest, four students in the direct group and one student in the inquiry 

group provided responses that contained misconceptions about changes in the dye after 

adding it to the water.  As seen on the pretest, the most common misconception about 

changes to the dye was the idea that the dye lightens in color when added to the water, 

with three students in the direct group providing responses of this nature.  For example, 

Student D8 explained, “After a few minutes the dye will begin to get lighter because it is 

spread throughout the water.”  Another student in the direct group expressed the 

misconception that the dye would break down in the water; Student D19 stated that “the 

ten gallon glass container of water will turn dark blue because of the dye particles broke 

down and sank into the water.” The one student in the inquiry group who provided a 

posttest response with this type of misconception expressed the belief that there would be 

a complete change in the contents of the beaker; Student I14 stated, “The dye will spread 

throughout the cup and cup of clear water will turn into a cup of dark blue dye.” 
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 During the diffusion and osmosis unit, students participated in lessons about the 

movement of particles from a high to low concentration.  Students in the direct group 

participated in a perfume diffusion demonstration, took notes on diffusion, viewed an on-

line diffusion simulation that showed the movement of particles from high to low 

concentration, and answered clicker questions to assess their understanding of diffusion.  

Students in the inquiry group participated in a perfume diffusion demonstration, 

manipulated an on-line diffusion simulation to explore the movement of particles from 

high to low concentration, participated in a discussion about their observation from the 

on-line simulation, and wrote a journal entry about a time they experienced diffusion.  

These lesson components might potentially explain the decrease in number of 

misconceptions about changes in the dye and will be discussed further in Chapter Five.  

Students in both groups also participated in lessons about the impact of temperature on 

diffusion rate.  Students in the direct group viewed a demonstration in which the teacher 

added food coloring to beakers containing water at different temperatures.  Students in 

the inquiry group performed an experiment in which they added food coloring to beakers 

containing water at different temperatures.  These activities may explain why some 

students provided responses that contained misconceptions about the dye lightening in 

color on the posttest.  As the dye diffuses throughout the water, the blue color did lighten.  

This was caused by the spreading of the dye molecules, not because of an actual color 

change to the dye.  Again, these results will be discussed further in Chapter Five.  They 

are highlighted here to provide a context for the results. 
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Diffusion and Osmosis Diagnostic Test 

The DODT consists of “12 two-tier multiple choice items” (Odom & Barrow, 

1995, p. 45).  The first tier questions (designated as “a”) address content knowledge, and 

the second tier questions (designated as “b”) require participants to select a reason for 

their answer to the “a” question.  Items on the DODT were only scored as correct if both 

tiers were answered correctly.  Table 8 shows the percentage of students in both groups 

who chose the correct response for the first tier question and the correct combination of 

first tier and second tier responses; pre- and posttest scores are included in the table.   

Table 8 

Percentages of Students in Direct and Inquiry Groups Selecting the Correct Content 

Choice and Content/Reason Combination 

 

Item # 
Direct – Pre Direct – Post Inquiry – pre Inquiry – Post 

Content Reason* Content Reason* Content Reason* Content Reason* 

1 52.2 13.0 95.7 43.5 42.9 9.5 66.7 52.4 

2 73.9 30.4 87 34.8 71.4 14.3 81 14.3 

3 34.8 0 43.5 17.4 47.6 0 38.1 23.8 

4 60.9 21.7 52.2 17.4 33.3 14.3 52.4 38.1 

5 13.0 0 26.1 26.1 23.8 14.3 14.3 14.3 

6 52.2 21.7 82.6 47.8 52.4 28.6 71.4 57.1 

7 78.3 73.9 95.7 91.3 66.7 47.6 90.5 90.5 

8 30.4 4.3 69.6 13.0 38.1 9.5 66.7 23.8 

9 43.5 34.8 56.5 47.8 38.1 28.6 61.9 28.6 

10 65.2 4.3 95.7 34.8 52.4 4.8 66.7 38.1 

11 8.7 8.7 34.8 30.4 19 4.8 28.6 23.8 

12 52.2 21.7 87 69.6 71.4 38.1 85.7 71.4 

* = Content & Reason combination correct 

 When considering each of the individual items on a multiple choice test, an 

acceptable level of understanding by the group as a whole is often indicated by at least 

75% of students answering the item correctly (Gilbert, 1977; Odom, 1995; Odom & 

Kelly, 2001).  On the DODT pretest, the percentage of correct responses on the content 
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(first tier) questions ranged from 8.7% (n = 2) to 78.3% (n = 18) for the direct instruction 

group and 19.0% (n = 4) to 71.4% (n = 15) for the inquiry group.  On the posttest, the 

percentage of correct responses on these same questions ranged from 26.1% (n = 6) to 

95.7% (n = 22) for the direct instruction group and 28.6% (n = 6) to 90.5% (n = 19) for 

the inquiry group.  As previously indicated, items on the DODT were scored correct only 

when both the content (first tier) and reason (second tier) questions were answered 

correctly; therefore, an examination of the percentage of students who answered both 

tiers correctly provides a better picture of student understanding for each of the DODT 

items.  The percentage of correct first and second tier answer combinations on the pretest 

ranged from 0% to 73.9% (n = 17) for the direct group and 0% to 47.6% (n = 10) for the 

inquiry group.  On the posttest, correct response combinations ranged from 13.0% (n = 3) 

to 91.3% (n = 21) for the direct group and 14.3% (n = 3) to 90.5% (n = 19) for the inquiry 

group.  For both groups, Item 7 was the only item on which at least 75% of students 

selected the correct content and reason combination, indicating a satisfactory level of 

student understanding.  Although these results seem discouraging, they are consistent 

with results from similar studies.  Odom (1995) used the DODT to compare high school 

and college students’ (biology and nonbiology majors) understanding of diffusion and 

osmosis.  The percentage of correct first and second tier answer combinations ranged 

from 31.9% to 75.0% for high school students, 14.6% to 95.9% for nonbiology majors, 

and 23.1% to 92.3% for biology majors.  Item 7 was the only item on which at least 75% 

of high school students selected the correct first and second tier combination.  At least 

75% of nonbiology majors chose the correct answer combination on two items (Item 7 
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and Item 12); at least 75% of biology majors chose the correct answer combination on 

four items (Item 6, Item 7, Item 9, and Item 12). 

Table 9 contains the means and standard deviations for the pre- and posttests for 

both groups.  A two-way analysis of variance indicated a significant main effect for 

timing of the test (p < .01), such that posttest scores (M  = 4.75, SD = 2.64) were 

significantly higher than pretest scores (M = 2.18, SD = 1.47) The main effect for type of 

instruction was not significant.  The interaction between timing of the test and type of 

instruction was not significant. 

Table 9 

Statistical Analysis of Pre-and Posttest DODT Scores 

Type of Instruction 
Mean (SD) 

Pre Post 

Direct  2.22 (1.35) 4.74 (2.91) 

Inquiry 2.14 (1.62) 4.76 (2.39) 

 

 

 Figure 2 provides a visual representation of the change in mean DODT scores for 

both groups from the pretest to the posttest. 

 

Figure 2.  Mean DODT scores on the pretest and posttest. 
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Although there were no significant differences between direct and inquiry instruction, a 

closer item-analysis revealed differences in misconceptions between the two groups.  An 

examination of common first tier and second tier answer combinations provided insight 

on common misconceptions for both groups.  The DODT addresses the following sub-

concepts related to diffusion and osmosis:  the process of diffusion, the particulate and 

random nature of matter, concentration and tonicity, kinetic energy of matter, the process 

of osmosis, the influence of life forces on diffusion and osmosis, and membranes.  The 

following description will address student misconceptions related to each of these sub-

concepts.   

The process of diffusion.  Items 1 and 5 on the DODT address the process of 

diffusion.  Table 10 shows the number and percentage of students selecting each possible 

content and reason response combination for Item 1 on the pretest and posttest.  Table 11 

shows the number and percentage of participants selecting each possible content and 

reason response combination for Item 5 on the pretest and posttest.  The information from 

Table 10 and Table 11 was used to create Table 12, which displays common 

misconceptions about the process of diffusion. 

 Item 1 asks students about the process responsible for a drop of blue dye 

becoming equally distributed throughout a beaker of water and causing it to turn light 

blue.  The correct response combination is that “diffusion” (tier 1, choice B) causes the 

water to turn light blue because “there is movement of particles between regions of 

different concentrations” (tier 2, choice B).  On the pretest, 13.0% (n = 3) of students in 

the direct group and 9.5% (n = 2) of students in the inquiry group selected this response 

combination.  The percentage of students who selected this combination on the posttest 
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increased to 43.5% (n = 10) in the direct group and 52.4% (n = 11) in the inquiry group; 

however, neither group achieved the desired 75% to indicate satisfactory understanding. 

Table 10 

Summary of DODT Item 1 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre A 0 1 (4.3%) 4 (17.4%) 0 

B 0 3 (13.0%)* 9 (39.1%) 0 

C 2 (8.7%) 0 4 (17.4%) 0 

 

Direct – Post 

 

A 0 0 1 (4.3%) 0 

B 0 10 (43.5%)* 12 (52.2%) 0 

C 0 0 0 0 

 

Inquiry – Pre 

 

A 1 (4.8%) 2 (9.5%) 2 (9.5%) 0 

B 0 2 (9.5%)* 7 (33.3%) 0 

C 0 1 (4.8%) 6 (28.6%) 0 

 

Inquiry – Post 

 

A 0 1 (4.8%) 5 (23.8%) 1 (4.8) 

B 0 11 (52.4%)* 3 (14.3%) 0 

C 0 0 0 0 

* = Correct content and reason combination 

Table 11 

Summary of DODT Item 5 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre A 0 12 (52.2%) 4 (17.4%) 4 (17.4%) 

B 0* 1 (4.3%) 1 (4.3%) 1 (4.3%) 

 

Direct – Post 

 

A 3 (13.0%) 11 (47.8%) 0 3 (13.0%) 

B 6 (26.1%)* 0 0 0 

 

Inquiry – Pre 

 

A 0 15 (71.4%) 0 1 (4.8%) 

B 3 (14.3%)* 0 0 2 (9.5%) 

 

Inquiry – Post 

 

A 4 (19.0%) 7 (33.3%) 3 (14.3%) 4 (19.0%) 

B 3 (14.3%)* 0 0 0 

* = Correct content and reason combination 
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Table 12 

Common Misconceptions about the Process of Diffusion 

 

Misconception 

Direct 

Pre 

Direct 

Post 

Inquiry 

Pre 

Inquiry 

Post 

 

The process responsible for a drop of blue dye becoming evenly distributed throughout a 

container of clear water is: 

 

 Diffusion because the dye 

separates into small particles and 

mixes with water. 

 

9 

(39.1%) 

12 

(52.2%) 

7 

(33.3%) 

3 

(14.3%) 

 Osmosis because the dye separates 

into small particles and mixes with 

water. 

 

4 

(17.4%) 

1 

(4.3%) 

2 

(9.5%) 

5 

(23.8%) 

 A reaction between the water and 

dye because the dye separates into 

small particles and mixes with 

water. 

 

4 

(17.4%) 

0 

(0%) 

 

6 

(28.6%) 

0 

(0%) 

If a small amount of sugar is added to a container of water and allowed to sit for a very 

long period of time, the sugar molecules will be more concentrated on the bottom of the 

container because: 

 

 The sugar is heavier than the water 

and will sink. 

 

12 

(52.2%) 

11 

(47.8%) 

15 

(71.4%) 

7 

(33.3%) 

 There is movement of particles 

from high to low concentration. 

 

0 

(0%) 

3 

(13.0%) 

0 

(0%) 

4 

(19.0%) 

 Sugar dissolves poorly or not at all 

in water. 

 

4 

(17.4%) 

0 

(0%) 

0 

(0%) 

3 

(14.3%) 

 There will be more time for 

settling. 

 

4 

(17.4%) 

3 

(13.0%) 

1 

(4.8%) 

4 

(19.0%) 
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 Prior to instruction, the most common misconception among participants in both 

groups was the idea that “diffusion” (tier 1, choice B) causes the water to turn light blue 

because “the dye separates into small particles and mixes with water” (tier 2, choice C).  

Although individuals with this misconception correctly identified diffusion as the process 

responsible for causing the dye to become evenly distributed throughout the water, they 

expressed the misconception that diffusion causes the dye to separate into small particles 

and mix with the water.  Inquiry-based instruction led to a decrease in the number of 

students with this misconception; however, a greater percentage of students in the direct 

instruction group expressed this misconception after instruction.  According to Odom and 

Kelly (2001), “It is reasonable that students view dye as one large particle (e.g., drop of 

dye), and when a drop of dye is added to water it breaks into small particles” (pp. 631-

632). 

 Another misconception was the belief that “osmosis” (tier 1, choice A) causes the 

water to turn light blue because “the dye separates into small particles and mixes with 

water” (tier 2, choice C).  Individuals with this misconception incorrectly identified both 

the process and the reason for the distribution of the dye.  It is possible that students with 

this misconception did not understand the difference between diffusion and osmosis or 

believed that osmosis was the process since the dye was added to a container of water 

(Odom & Kelly, 2001).  Direct instruction led to a decrease in this misconception among 

participants; however, a higher percentage of students in the inquiry group expressed this 

misconception after instruction than before instruction.     

 A third misconception about the process of diffusion was the belief that “a 

reaction between the water and dye” (tier 1, choice C) causes the water to turn light blue 
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because “the dye separates into small particles and mixes with water” (tier 2, choice C).  

Individuals with this misconception incorrectly identified both the process and the reason 

for the distribution of the dye.  This misconception was common among participants in 

both groups prior to instruction; however, both types of instruction led to a decrease in 

this misconception as no students in either group expressed this misconception after 

instruction. 

 Item 5 assesses students’ understanding of the distribution of sugar molecules 

after sitting undisturbed in a beaker of water for a long period of time.  The desired 

response combination is that the sugar molecules will “be evenly distributed throughout 

the container” (tier 1, choice B) because “there is movement of particles from a high to 

low concentration” (tier 2, choice A).  No students in the direct group and only 14.3% (n 

= 3) of students in the inquiry group selected this response combination on the pretest.  

The percentage of students who selected this response combination on the posttest 

increased to 26.1% (n = 6) in the direct group but did not change in the inquiry group.  

 On both the pretest and posttest, a majority of students in both groups expressed 

the misconception that the sugar molecules would “be more concentrated on the bottom 

of the container” (tier 1, choice A).  A total of 87.0% (n = 20) of students in the direct 

group and 76.2% (n = 16) of students in the inquiry group selected this answer on the 

pretest; a total of 73.8% (n = 17) of students in the direct group and 85.6% (n = 18) of 

students in the inquiry group selected this answer on the posttest.  The most common 

reason chosen in support of this answer was that “the sugar is heavier than water and will 

sink” (tier 2, choice B).  The percentage of students who selected this reason decreased 

slightly from 52.2% (n = 12) to 47.8% (n = 11) in the direct group and decreased from 
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71.4% (n = 15) to 33.3% (n = 7) in the inquiry group.  According to Odom and Kelly 

(2001), “One interpretation of these results is that students integrated gravity concepts 

into solution chemistry” (p. 632).   

Both groups showed an increase in the number of students who expressed the 

misconception that the sugar molecules would “be more concentrated on the bottom of 

the container” (tier 1, choice A) because “there is movement of particles from high to low 

concentration” (tier 2, choice A).  This response combination increased from 0% to 

13.0% (n = 3) in the direct group and 0% to 19.0% (n = 4) in the inquiry group.  The 

increase in the number of students selecting this reason for the tier 2 question is probably 

due to the fact that instruction for both groups emphasized that diffusion is the movement 

of particles from high to low concentration.  Students who selected this content and 

reason combination failed to make the connection that movement of particles from a high 

to low concentration would cause the particles to be evenly distributed throughout the 

container, rather than remaining on the bottom of the container. 

The particulate and random nature of matter.  Items 2, 3, and 6 on the DODT 

address the particulate and random nature of matter.  Table 13 shows the number and 

percentage of participants selecting each possible content and reason response 

combination for Item 2 on the pretest and posttest.  Table 14 shows the number and 

percentage of participants selecting each possible content and reason response 

combination for Item 3 on the pretest and posttest.  Table 15 shows the number and 

percentage of participants selecting each possible content and reason response 

combination for Item 6 on the pretest and posttest.  The information from Table 13, Table 
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14, and Table 15 was used to create Table 16, which displays common misconceptions 

about the particulate and random nature of matter. 

Item 2 assesses students’ understanding of the movement of particles during 

diffusion.  The correct response is that particles generally move from “high to low 

concentration” (tier 1, Choice A) because “particles in areas of greater concentration are 

more likely to bounce toward other areas” (tier 2, Choice B).  On the pretest, 30.4% (n = 

7) of students in the direct groups and 14.3% (n = 3) of students in the inquiry group 

selected this response combination.  On the posttest, 34.8% (n = 8) of students in the 

direct group and 14.3% (n = 3) of students in the inquiry group selected this response 

combination. 

Table 13 

Summary of DODT Item 2 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 9 (39.1%) 7 (30.4%)* 1 (4.3%) 0 

B 2 (8.7%) 2 (8.7%) 1 (4.3%) 1 (4.3) 

 

Direct – Post  

 

A 7 (30.4%) 8 (34.8%)* 5 (21.7%) 0 

B 2 (8.7%) 1 (4.3%) 0 0 

 

Inquiry – Pre  

 

A 10 (47.6%) 3 (14.3%)* 2 (9.5%) 0 

B 3 (14.3%) 1 (4.8%) 1 (4.8%) 1 (4.8%) 

 

Inquiry – Post 

 

A 14 (66.7%) 3 (14.3%)* 0 0 

B 2 (9.5%) 1 (4.8%) 1 (4.8%) 0 

* = Correct content and reason combination 
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Table 14 

Summary of DODT Item 3 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 6 (26.1%) 9 (39.1%) 0 0 

B 1 (4.3%) 1 (4.3%) 6 (26.1%) 0* 

 

Direct – Post  

 

A 2 (8.7%) 9 (39.1%) 1 (4.3%) 1 (4.3%) 

B 2 (8.7%) 1 (4.3%) 3 (13.0%) 4 (17.4%)* 

 

Inquiry – Pre  

 

A 3 (14.3%) 7 (33.3%) 0 1 (4.8%) 

B 3 (14.3%) 5 (23.8%) 2 (9.5%) 0* 

 

Inquiry – Post 

 

A 3 (14.3%) 7 (33.3%) 3 (14.3%) 0 

B 0 0 3 (14.3%) 5 (23.8%)* 

* = Correct content and reason combination 

Table 15 

Summary of DODT Item 6 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre A 11 (47.8%) 0 0 0 

B 1 (4.3%) 5 (21.7%) 5 (21.7%)* 1 (4.3%) 

 

Direct – Post 

 

A 4 (17.4%) 0 0 0 

B 2 (8.7%) 2 (8.7%) 11 (47.8%)* 4 (17.4%) 

 

Inquiry – Pre 

 

A 7 (33.3%) 2 (9.5%) 1 (4.8%) 0 

B 1 (4.8%) 3 (14.3%) 6 (28.6%)* 1 (4.8%) 

 

Inquiry – Post 

 

A 4 (19.0%) 2 (9.5%) 0 0 

B 1 (4.8%) 2 (9.5%) 12 (57.1%)* 0 

* = Correct content and reason combination 
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Table 16 

Common Misconceptions about the Particulate and Random Nature of Matter 

 

Misconception 

Direct  

Pre 

Direct 

 Post 

Inquiry 

Pre 

Inquiry 

Post 

 

During the process of diffusion, particles will generally move from high to low concentration because: 

 

 There are too many particles crowded into 

one area; therefore, they move to an area 

with more room. 

 

9 

(39.1%) 

7 

(30.4%) 

10 

(47.6%) 

14 

(66.7%) 

 

 The particles tend to move until two areas 

are isotonic, and then the particles stop 

moving. 

 

1 

(4.3%) 

5 

(21.7%) 

2 

(9.5%) 

0 

(0%) 

As the difference in concentration between two areas increases, the rate of diffusion: 

 

 Increases because the molecules want to 

spread out. 

 

6 

(26.1%) 

3 

(13.0%) 

2 

(9.5%) 

3 

(14.3%) 

 Increases because the particles will spread 

less and the rate will be slowed if the 

concentration is high enough. 

 

1 

(4.3%) 

1 

(4.3%) 

5 

(23.8%) 

0 

(0%) 

 Decreases because the particles will spread 

less and the rate will be slowed if the 

concentration is high enough. 

 

9 

(39.1%) 

9 

(39.1%) 

7 

(33.3%) 

 

7 

(33.3%) 

 Decreases because there is less room for 

the particles to spread out. 

 

6 

(26.1%) 

2 

(8.7%) 

3 

(14.3%) 

3 

(14.3%) 

 Decreases because the molecules want to 

spread out. 

 

0 

(0%) 

1 

(4.3%) 

0 

(0%) 

3 

(14.3%) 

Several hours after a drop of blue dye is added to a container of clear water, the entire container is light 

blue because the molecules of dye: 

 

 Continue to move randomly.  If the dye 

molecules stopped, they would settle to the 

bottom of the container. 

 

5 

(21.7%) 

2 

(8.7%) 

3 

(14.3%) 

2 

(9.5%) 

 Continue to move randomly.  This is a 

liquid; the molecules would stop moving if 

it were a solid. 

1 

(4.3%) 

4 

(17.4%) 

1 

(4.7%) 

0 

(0%) 

 

 Have stopped moving.  The entire 

container is the same color; if they are still 

moving, the container would be different 

shades of blue. 

 

11 

(47.8%) 

4 

(17.4%) 

7 

(33.3%) 

4 

(19.0%) 
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 On the pretest and posttest, a majority of students in both groups selected the 

correct choice to the tier 1 question, indicating that they had an understanding of 

diffusion as the movement of particles from high to low concentration.  Students’ 

misconceptions were related to the reason for this movement of particles.  The most 

common misconception was the belief that particles move from high to low concentration 

because “there are too many particles crowded into one area; therefore, they move to an 

area with more room” (tier 2, choice A).  The percentage of students who expressed this 

misconception decreased from 39.1% (n = 9) to 30.4% (n = 7) for direct group and 

increased from 47.6% (n = 10) to 66.7% (n = 14) for the inquiry group.  According to 

Odom and Kelly (2001), “This selection could represent an anthropomorphic view of 

matter; this is, the need for molecules to move into another area” (p. 629). 

Another misconception was the belief that particles move from high to low 

concentration because “the particles tend to move until two areas are isotonic, and then 

the particles stop moving” (tier 2, choice C).  The percentage of students who expressed 

this misconception increased from 4.3% (n = 1) to 21.7% (n = 5) in the direct group and 

decreased from 9.5% (n = 2) to 0% in the inquiry group.  During the diffusion and 

osmosis unit, students received instruction on hypertonic, hypotonic, and isotonic 

solutions.  Two solutions are described as isotonic when they have the same 

concentration.  The increase in this response for students in the direct group could be due 

to students interpreting isotonic to mean that diffusion leads to particles having the same 

distribution throughout a container (Odom & Kelly, 2001). 

 Item 3 asks students how the rate of diffusion changes as the difference in 

concentration between two areas increases.  The desired response is that the rate of 
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diffusion “increases” (tier 1, choice B) because “there is a greater likelihood of random 

motion into other regions” (tier 2, choice D).  No students in either group selected this 

response combination on the pretest.  The percentage of students who selected this 

response combination increased to 17.4% (n = 4) in the direct group and 23.8% (n = 5) in 

the inquiry group on the posttest; however, both of these percentages are well below the 

desired 75% to indicate satisfactory understanding by each group as a whole.   

 One common misconception was that the rate of diffusion “increases” (tier 1, 

choice B) because “the molecules want to spread out” (tier 2, choice C).  The percentage 

of students who expressed this misconception decreased from 26.1% (n = 6) to 13.0% (n 

= 3) in the direct group and increased from 9.5% (n = 2) to 14.3% (n = 3) in the inquiry 

group.  One possible explanation for this misconception is that students’ lacked the 

understanding of the random movement of particles, instead believing that particles have 

a choice in where and how to move (Odom & Kelly, 2001).   

 The most common misconception related to Item 3 was that the rate of diffusion 

“decreases” (tier 1, choice A) as the difference in concentration between two areas 

increases because “if the concentration is high enough, the particles will spread less and 

the rate will be slowed” (tier 2, choice B).  For the direct group, 39.1% (n = 9) of students 

selected this response combination on both the pretest and posttest.  For the inquiry 

group, 33.3% (n = 7)of students selected this response combination on both the pretest 

and posttest.  Another reason in support of a decrease in the rate of diffusion was that 

“the molecules want to spread out” (tier 2, choice C).  Odom and Kelly (2001) found 

similar misconceptions in high school biology students and provide the following 
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explanation: “It is reasonable that students were imagining a cramped area, like a large 

number of people having difficulty moving in a crowded room” (p. 629). 

 Item 6 assesses student understanding of the movement of molecules of dye 

several hours after being added to a container of clear water.  The correct response is that 

the molecules of dye “continue to move around randomly” (tier 1, choice B) because 

“molecules are always moving” (tier 2, choice C).  The percentage of students who 

selected this response combination increased from 21.7% (n = 5) to 47.8% (n = 11) for 

the direct group and 28.6% (n = 6) to 57.1% (n = 12) for the inquiry group; however, 

neither group achieved the 75% correct response rate to indicate satisfactory 

understanding.  Some students in each group correctly expressed the belief that the 

molecules would continue to move randomly but incorrectly identified the reason for this 

movement.   

One misconception was that the random movement of the molecules would 

continue because “if the dye molecules stopped, they would settle to the bottom of the 

container” (tier 2, choice B).  The percentage of students with this misconception 

decreased from 21.7% (n = 5) to 8.7% (n = 2) in the direct group and 14.3% (n = 3) to 

9.5% (n = 2) in the inquiry group.  The source of this misconception may be related to 

students’ understanding of gravity and the belief that particles must remain in motion to 

oppose gravity (Odom & Kelly, 2001).  Another misconception was that the random 

movement of the molecules would continue because “this is a liquid; if it were solid the 

molecules would stop moving” (tier 2, choice D).  The percentage of students with this 

misconception increased from 4.3% (n = 1) to 17.4% (n = 4) in the direct group and 
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decreased from 4.7% (n = 1) to 0% in the inquiry group.  In order to explain this 

misconception, Odom and Kelly (2001) write,  

It is possible that students had an understanding of the underlying processes and 

 were confused by the wording of the alternative response; that is, whether the 

 response was referring to the macro- or micro-level.  There is relatively little 

 molecular movement in solids compared to liquids.  Furthermore, students may 

 believe liquids have molecular motion because the shape of liquids can be easily 

 manipulated.  Thus, the shapes of solids are not easily manipulated. (p. 630)       

  

Concentration and tonicity.  Items 4 and 9 on the DODT address concentration 

and tonicity.  Table 17 shows the number and percentage of participants selecting each 

possible content and reason response combination for Item 4 on the pretest and posttest.  

Table 18 shows the number and percentage of participants selecting each possible content 

and reason response combination for Item 9 on the pretest and posttest.  The information 

from Table 17 and Table 18 was used to create Table 19, which displays common 

misconceptions about concentration and tonicity. 

 Item 4 assesses students’ understanding of how to make a glucose solution more 

concentrated.  The desired response is that a glucose solution can be made more 

concentrated by “adding more glucose” (tier 1, choice B) because “it increases the 

number of dissolved particles” (tier 2, choice C).  The percentage of students who 

selected this response decreased from 21.7% (n = 5) to 17.4% (n = 4) for the direct group 

and increased from 14.3% (n = 3) to 38.1% (n = 8) in the inquiry group.   

 For students who correctly selected “adding more glucose” (tier 1, choice B) as 

the way to increase the concentration of the solution but provided the wrong reason for 

this answer, the most common misconception was that “the more water there is, the more 
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glucose it will take to saturate the solution” (tier 2, choice A).  This is a true statement, 

but it does not provide support for the tier 1 response (Odom & Kelly, 2001). 

Table 17 

Summary of DODT Item 4 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 2 (8.7%) 2 (8.7%) 0 5 (21.7%) 

B 4 (17.4%) 1 (4.3%) 5 (21.7%)* 4 (17.4%) 

 

Direct – Post  

 

A 5 (21.7%) 1 (4.3%) 1 (4.3%) 4 (17.4%) 

B 5 (21.7%) 1 (4.3%) 4 (17.4%)* 2 (8.7%) 

 

Inquiry – Pre  

 

A 9 (42.9%) 0 3 (14.3%) 2 (9.5%) 

B 3 (14.3%) 0 3 (14.3%)* 1 (4.8%) 

 

Inquiry – Post 

 

A 3 (14.3%) 0 5 (23.8%) 2 (9.5%) 

B 2 (9.5%) 0 8 (38.1%)* 1 (4.8%) 

* = Correct content and reason combination 

Table 18 

Summary of DODT Item 9 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 2 (8.7%) 0 0 8 (34.8%)* 

B 4 (17.4%) 0 0 1 (4.3%) 

C 0 5 (21.7%) 2 (8.7%) 1 (4.3%) 

 

Direct – Post  

 

A 0 0 2 (8.7%) 11 (47.8%)* 

B 0 0 2 (8.7%) 5 (21.7%) 

C 0 3 (13.0%) 0 0 

 

Inquiry – Pre  

 

A 1 (4.8%) 0 1 (4.8%) 6 (28.6%)* 

B 2 (9.5%) 1 (4.8%) 3 (14.3%) 2 (9.5%) 

C 1 (4.8%) 1 (4.8%) 1 (4.8%) 2 (9.5%) 

 

Inquiry – Post 

 

 

A 1 (4.8%) 0 6 (28.6%) 6 (28.6%)* 

B 0 0 5 (23.8%) 0 

C 0 2 (9.5%) 1 (4.8%) 0 

* = Correct content and reason combination 
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Table 19 

Common Misconceptions about Concentration and Tonicity 

 

Misconception 

Direct 

Pre 

Direct 

Post 

Inquiry 

Pre 

Inquiry 

Post 

 

A glucose solution can be made more concentrated by: 

 

 Adding more glucose because the 

more water there is, the more 

glucose it will take to saturate 

solution. 

 

4 

(17.4%) 

5 

(21.7%) 

3 

(14.3%) 

2 

(9.5%) 

 Adding more water because the 

more water there is, the more 

glucose it will take to saturate the 

solution. 

 

2 

(8.7%) 

5 

(21.7%) 

9 

(42.9%) 

3 

(14.3%) 

 Adding more water because it 

increases the number of dissolved 

particles. 

 

0 

(0%) 

1 

(4.3%) 

3 

(14.3%) 

5 

(23.8%) 

 Adding more water because one 

must add more liquid for a solution 

to be more concentrated. 

 

5 

(21.7%) 

4 

(17.4%) 

2 

(9.5%) 

2 

(9.5%) 

Side 1 of a container separated by a semipermeable membrane contains a 10% salt 

solution; side 2 contains a 15% salt solution.  Side 1 is _____ to side 2 because: 

 

 Hypotonic because water moves 

from a high to a low concentration. 

0 

(0%) 

2 

(8.7%) 

1 

(4.8%) 

6 

(28.6%) 

 

 Hypertonic because water moves 

from a high to a low concentration. 

 

0 

(0%) 

2 

(8.7%) 

3 

(14.3%) 

5 

(23.8%) 

 Hypertonic because there are fewer 

dissolved particles on side 1. 

 

1 

(4.3%) 

5 

(21.7%) 

2 

(9.5%) 

0 

(0%) 

 Isotonic because isotonic means 

“the same.” 

5 

(21.7%) 

 

3 

(13.0%) 

1 

(4.8%) 

2 

(9.5%) 
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On both the pretest and posttest, close to half of the students in each group 

expressed the misconception that a glucose solution can be made more concentrated by 

“adding more water” (tier 1, choice A); however, the reason provided in their tier 2 

responses varied.  The most common misconception was that a glucose solution can be 

made more concentrated by “adding more water” (tier 1, choice A) because “the more 

water there is, the more glucose it will take to saturate the solution” (tier 2, choice A).  

The percentage of students who selected this response combination increased from 8.7% 

(n = 2) to 21.7% (n = 5) for the direct group and decreased from 42.9% (n = 9) to 14.3% 

(n = 3) for the inquiry group.  Both groups showed a small increase in the misconception 

that a glucose solution can be made more concentrated by “adding more water” (tier 1, 

choice A) because “it increases the number of dissolved particles” (tier 2, choice C).  The 

percentage of students who expressed this misconception increased from 0% to 4.3% (n = 

1) in the direct group and 14.3% (n = 3) to 23.8% (n = 5) in the inquiry group.  Another 

misconception was the belief that a solution can be made more concentrated by “adding 

more water” (tier 1, choice A) because “for a solution to be more concentrated one must 

add more liquid” (tier 2, choice C).  The percentage of students who selected this 

response combination decreased slightly from 21.7% (n = 5) to 17.4% (n = 4) in the 

direct group and remained consistent at 9.5% (n = 2) for the inquiry group. 

 Item 9 measures students’ understanding of hypotonic, hypertonic, and isotonic 

solutions.  This item includes a diagram of a container with two sides separated by a 

semipermeable membrane; side 1 contains a 10% salt solution, and side 2 contains a 15% 

salt solution.  Students are asked to describe the tonicity of side 1 in comparison to side 2.  

The correct response is that side 1 is “hypotonic” (tier 1, choice A) because “there are 
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fewer dissolved particles on side 1” (tier 2, choice D).  The percentage of students who 

selected this response combination increased from 34.8% (n = 8) to 47.8% (n = 11) in the 

direct group and remained constant at 28.6% (n = 6) for students in the inquiry group.   

 For students who correctly identified side 1 as “hypotonic” (tier 1, choice A) to 

side 2 but provided an incorrect response on the tier 2 question, the most common 

misconception was that “water moves from high to low concentration” (tier 2, choice C).  

This response combination could indicate that students memorized the terms but did not 

fully understand the concept (Odom & Kelly, 2001).   

 Both groups showed an increase in the number of students who expressed the 

belief that side 1 was “hypertonic” (tier 1, choice B) to side 2 because “water moves from 

a high to a low concentration” (tier 2, choice C).  The percentage of students who chose 

this response combination increased form 0% to 8.7% (n = 2) in the direct group and 

from 14.3% (n = 3) to 23.8% (n = 5) in the inquiry group.  According to Odom and Kelly 

(2001), 

Water moving from high to low concentration is a possible result of two different 

solutions being separated by a membrane, but it is not the reason one solution has 

a greater tonicity that the other.  This selection may represent at least a partial 

understanding of the process of osmosis (net direction of movement).”  (p. 630)  

 

The direct group showed an increase in the percentage of students who indicated that side 

1 is “hypertonic” (tier 1, choice B) to side 2 because “there are fewer dissolved particles 

on side 1” (tier 2, choice D).  The percentage of students who selected this response 

combination increased from 4.3% (n = 1) to 21.7% (n = 5) for the direct group and 

decreased from 9.5% (n = 2) to 0% for the inquiry group.  It is true that side 1 contains 

fewer dissolved particles than side 2, but this means that side 1 is hypotonic, not 
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hypertonic, to side 2.  The most probable explanation for this misconception is a lack of 

understanding of the terms hypotonic and hypertonic.     

Kinetic energy of matter.  Item 7 on the DODT addresses the kinetic energy of 

matter.  Table 20 shows the number and percentage of participants selecting each 

possible content and reason response combination for Item 7 on the pretest and posttest.  

The information from Table 20 was used to create Table 21, which displays common 

misconceptions about kinetic energy of matter. 

 Item 7 assesses students’ understanding of the impact of temperature on diffusion.  

This item includes a picture of two beakers of water at different temperatures; beaker 1 is 

25 degrees Celsius, and beaker 2 is 35 degrees Celsius.  Students are asked which beaker 

will turn light green first after a drop of green dye is added to each beaker.  The correct 

response is that “beaker 2” (tier 1, choice B) will become light green first because “the 

dye molecules move faster at higher temperatures” (tier 2, choice B).  The percentage of 

students who selected this response combination increased from 73.9% (n = 17) to 91.3% 

(n = 21) for the direct group and 47.6% (n = 10) to 90.5% (n = 19) for the inquiry group, 

indicating that both groups achieved satisfactory student understanding after instruction.  

On the pretest, a few students (4.3% [n = 1] in the direct group and 14.3% [n = 3] in the 

inquiry group) indicated that “beaker 2” (tier 1, choice B) would turn light green first 

because “it helps the molecules to expand” (tier 2, choice D); but no students in either 

group indicated this misconception on the posttest.  Additional misconceptions on the 

pretest were that “beaker 1” (tier 1, choice A) would turn green first because “the lower 

temperature breaks down the dye” (tier 2, choice A) or because “it helps the molecules to 
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expand” (tier 2, choice D); these misconceptions decreased in both groups from the 

pretest to the posttest.  

Table 20 

Summary of DODT Item 7 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 2 (8.7%) 0 2 (8.7%) 1 (4.3%) 

B 0 17 (73.9%)* 0 1 (4.3%) 

 

Direct – Post  

 

A 0 1 (4.3%) 0 0 

B 1 (4.3%) 21 (91.3%)* 0 0 

 

Inquiry – Pre  

 

A 3 (14.3%) 1 (4.8%) 0 3 (14.3%) 

B 0 10 (47.6%)* 1 (4.8%) 3 (14.3%) 

 

Inquiry – Post 

 

A 0 1 (4.8%) 0 1 (4.8%) 

B 0 19 (90.5%)* 0 0 

* = Correct content and reason combination 

Table 21 

Common Misconceptions about Kinetic Energy of Matter 

 

Misconception 

Direct 

Pre 

Direct 

Post 

Inquiry 

Pre 

Inquiry 

Post 

 

Beaker 1 contains water at 25 C.  Beaker 2 contains water ta 35 C.  If a drop of green dye 

is added to each beak, Beaker ____ becomes light green first because: 

 

 Beaker 2 because it helps the 

molecules to expand. 

 

1 

(4.3%) 

0 

(0%) 

3 

(14.3%) 

0 

(0%) 

 Beaker 1 because the lower 

temperature breaks down the dye. 

 

2 

(8.7%) 

0 

(0%) 

3 

(14.3%) 

0 

(0%) 

 Beaker 1 because it helps the 

molecules to expand. 

 

1 

(4.3%) 

0 

(0%) 

3 

(14.3%) 

1 

(4.8%) 
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The process of osmosis.  Items 8 and 10 on the DODT address the process of 

osmosis.  Table 22 shows the number and percentage of participants selecting each 

possible content and reason response combination for Item 8 on the pretest and posttest.  

Table 23 shows the number and percentage of participants selecting each possible content 

and reason combination for Item 10 on the pretest and posttest.  The information from 

Table 22 and Table 23 was used to create Table 24, which displays common 

misconceptions about the process of osmosis. 

 Item 8 includes a diagram of a container with two sides separated by a 

semipermeable membrane; side 1 contains dye and water, and side 2 contains only water.  

Students are asked to determine which side will be higher after two hours.  The correct 

response is that “side 1” (tier 1, choice A) will be higher because “the concentration of 

water molecules is less on side 1” (tier 2, choice B).  The percentage of students who 

selected this response increased slightly from 4.3% (n = 1) to 13.0% (n = 3) for the direct 

group and 14.3% (n = 3) to 23.8% (n = 5) for the inquiry group; however, neither group 

achieved the 75% accurate response rate to indicate satisfactory student understanding.   

 Both groups showed an increase in the misconception that “side 1” (tier 1, choice 

A) will be higher because “water will move from hypertonic to hypotonic solution” (tier 

2, choice A).  The percentage of students selecting this response combination increased 

from 4.3% (n = 1) to 21.7% (n = 5) for the direct group and 4.8% (n =1) to 28.6% (n = 6) 

for the inquiry group. Both groups participated in instructional activities on the topic of 

water moving from a hypotonic to a hypertonic solution.  One possible explanation for 

the increase in this response combination is that students recognized the terms 

“hypertonic” and “hypotonic” but did not fully understand the concept.   
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Table 22 

Summary of DODT Item 8 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 1 (4.3%) 1 (4.3%)* 0 5 (21.7%) 

B 2 (8.7%) 2 (8.7%) 1 (4.3%) 1 (4.3%) 

C 3 (13.0%) 1 (4.3%) 5 (21.7%) 1 (4.3%) 

 

Direct – Post  

 

A 5 (21.7%) 3 (13.0%)* 2 (8.7%) 6 (26.1%) 

B 3 (13.0%) 2 (8.7%) 1 (4.3%) 0 

C 0 0 1 (4.3%) 0 

 

Inquiry – Pre  

 

A 1 (4.8%) 3 (14.3%)* 2 (9.5%) 2 (9.5%) 

B 3 (14.3%) 0 2 (9.5%) 2 (9.5%) 

C 1 (4.8%) 0 5 (23.4%) 0 

 

Inquiry – Post 

 

A 6 (28.6%) 5 (23.8%)* 2 (9.5%) 1 (4.8%) 

B 3 (14.3%) 2 (9.5%) 0 0 

C 0 0 1 (4.8%) 1 (4.8%) 

* = Correct content and reason combination 

Table 23 

Summary of DODT Item 10 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 2 (8.7%) 0 3 (13.0%) 0 

B 8 (34.8%) 1 (4.3%)* 5 (21.7%) 1 (4.3%) 

C 0 1 (4.3%) 0 1 (4.3%) 

 

Direct – Post  

 

A 1 (4.3%) 0 0 0 

B 14 (60.9%) 8 (34.8%)* 0 0 

C 0 0 0 0 

 

Inquiry – Pre  

 

A 5 (23.8%) 0 2 (9.5%) 0 

B 6 (28.6%) 1 (4.8%)* 3 (14.3%) 1 (4.8%) 

C 0 0 0 3 (14.3%) 

 

Inquiry – Post 

 

 

A 1 (4.8%) 2 (9.5%) 1 (4.8%) 0 

B 5 (23.8%) 8 (38.1%)* 0 1 (4.8%) 

C 0 0 0 3 (14.3%) 

* = Correct content and reason combination 

 

 



 

113 
  

 

 

Table 24 

Common Misconceptions about the Process of Osmosis 

 

Misconception 

Direct 

Pre 

Direct 

Post 

Inquiry 

Pre 

Inquiry 

Post 

 

Two columns of water are separated by a membrane through which only water can pass.  

Side 1 contains dye and water; Side 2 contains pure water.  After two hours, the water 

level in Side 1: 

 

 Higher because water will move 

from hypertonic to hypotonic 

solution. 

 

1 

(4.3%) 

5 

(21.7%) 

1 

(4.8%) 

6 

(28.6%) 

 Higher because water moves from 

low to high concentration. 

5 

(21.7%) 

 

6 

(26.1%) 

2 

(9.5%) 

1 

(4.8%) 

 The same height because water 

will become isotonic. 

5 

(21.7%) 

 

1 

(4.3%) 

5 

(23.4%) 

1 

(4.8%) 

If a freshwater plant cell is placed in a beaker of 25% saltwater solution, the central 

vacuole would: 

 

 Decrease in size because salt water 

absorbs the water from the central 

vacuole. 

 

8 

(34.8%) 

14 

(60.9%) 

6 

(28.6%) 

5 

(23.8%) 

 Decrease in size because the salt 

will enter the vacuole. 

5 

(21.7%) 

0 

(0%) 

3 

(14.3%) 

0 

(0%) 

 

 Increase in size because salt water 

absorbs the water from the central 

vacuole. 

 

2 

(8.7%) 

1 

(4.3%) 

5 

(23.8%) 

1 

(4.8%) 
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Item 10 asks about what will happen to the central vacuole of a freshwater plant 

cell that is placed in a 25% saltwater solution.  The correct response is that it will 

“decrease in size” (tier 1, choice B) because “water will move from the vacuole to the 

saltwater solution” (tier 2, choice B).  The percentage of student selecting this response 

combination increased from 4.3% (n = 1) to 34.8% (n = 8) for the direct group and 4.8% 

(n = 1) to 38.1% (n = 8) for the inquiry group; however, both groups were short of the 

desired 75% accurate response rate.   

 The most common misconception was that the central vacuole would “decrease in 

size” (tier 1, choice B) because “salt water absorbs the water from the central vacuole” 

(tier 2, choice A).  The percentage of students expressing this misconception increased 

from 34.8% (n = 8) to 60.9% (n = 14) for the direct group and decreased slightly from 

28.6% (n = 6) to 23.8% (n = 5) for the inquiry group.  Odom and Kelly (2001) found 

similar results when the administered the DODT to a group of high school students.  

They provide a possible explanation for this misconception: 

The meaning of “absorb” may be different in a science context than in a 

nonscientific context.  Common everyday experiences in a nonscience context are 

sponges absorb water and paper towels absorb water.  If “absorb” is viewed as the 

“taking away” of water, then students may have believed that the saltwater 

solution absorbs the freshwater.  In a scientific context, absorption is capillary 

action caused by adhesion.  Salt solutions do not cause capillary action. (p. 633) 

  

A common inaccurate response combination on the pretest was that the central 

vacuole will “decrease” (tier 1, choice B) because “the salt will enter the vacuole” (tier 2, 

choice C).  On the pretest, 21.7% (n = 5) of students in the direct group and 14.3% (n = 

3) of students in the inquiry group expressed this misconception; no students in either 

group expressed this misconception on the posttest.  Both groups participated in various 
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activities on semipermeable membranes during the diffusion and osmosis unit and 

explored various substances that can and cannot across the membrane. 

The influence of life forces on diffusion and osmosis.  Item 11 on the DODT 

addresses the influence of life forces of diffusion and osmosis.  Table 25 shows the 

number and percentage of students selecting each possible content and reason response 

combination for Item 11 on the pretest and posttest.  The information from Table 25 was 

used to create Table 26, which displays common misconceptions about the influence of 

life forces on diffusion and osmosis. 

Item 11 describes a dead freshwater plant cell that is placed in a 25% saltwater 

solution and asks if diffusion and osmosis will still occur.  The correct response 

combination is that “osmosis and diffusion would continue” (tier 1, choice B) because 

“the cell does not have to be alive” (tier 2, choice B).  The percentage of students who 

selected this response combination increased from 8.7% (n = 2) to 30.4% (n = 7) in the 

direct group and 4.8% (n = 1) to 23.8% (n = 5) in the inquiry group; however, neither 

group achieved a satisfactory level of understanding.   

The most common misconception was that “osmosis and diffusion would not 

occur” (tier 1, choice A) because “the cell would stop functioning” (tier 2, choice A).  

The percentage of students selecting this response combination increased from 26.1% (n 

= 6) to 30.4% (n = 7) in the direct group and 19.0% (n = 4) to 52.4% (n = 11) in the 

inquiry group.  Another common misconception was that “osmosis and diffusion would 

not occur” (tier 1, choice A) because “osmosis and diffusion require cell energy” (tier 2, 

choice D).  A reasonable explanation for both of these misconceptions is that students  
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Table 25 

Summary of DODT Item 11 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 6 (26.1%) 0 1 (4.3%) 4 (17.4%) 

B 0 2 (8.7%)* 0 0 

C 3 (13.0%) 1 (4.3%) 1 (4.3%) 1 (4.3%) 

D 3 (13.0%) 0 1 (4.3%) 0 

 

Direct – Post  

 

A 7 (30.4%) 0 0 2 (8.7%) 

B 1 (4.3%) 7 (30.4%)* 0 0 

C 2 (8.7%) 0 1 (4.3%) 0 

D 1 (4.3%) 1 (4.3%) 1 (4.3%) 0 

 

Inquiry – Pre  

 

A 4 (19.0%) 0 1 (4.8%) 5 (23.8%) 

B 2 (9.5%) 1 (4.8%)* 1 (4.8%) 0 

C 1 (4.8%) 0 2 (9.5%) 2 (9.5%) 

D 1 (4.8%) 1 (4.8%) 0 0 

 

Inquiry – Post 

 

 

A 11 (52.4%) 1 (4.8%) 0 2 (9.5%) 

B 0 5 (23.8%)* 0 1 (4.8%) 

C 0 1 (4.8%) 0 0 

D 0 0 0 0 

* = Correct content and reason combination 

Table 26 

Common Misconceptions about the Influences of Life Forces on Diffusion and Osmosis 

 

Misconception 

Direct 

Pre 

Direct 

Post 

Inquiry 

Pre 

Inquiry 

Post 

 

If a dead plant cell is placed in a 25% saltwater solution,  

 

 Osmosis and diffusion would not 

occur because the cell would stop 

functioning. 

 

6 

(26.1%) 

7 

(30.4%) 

4 

(19.0%) 

11 

(52.4%) 

 Osmosis and diffusion would not 

occur because osmosis and 

diffusion require cell energy. 

 

4 

(17.4%) 

2 

(8.7%) 

5 

(23.8%) 

2 

(9.5%) 
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might have made comparisons to the functioning of a living organism in which many 

observable functions stop when the organism dies (Odom & Kelly, 2001).   

Membranes.  Item 12 on the DODT addresses membranes.  Table 27 shows the 

number and percentage of participants selecting each possible content and reason 

response combination for Item 12 on the pretest and posttest. The information from Table 

27 was used to create Table 28, which displays common misconceptions about 

membranes. 

 Item 12 assesses students’ understanding of the permeability of cell membranes.  

The correct response is that all cell membranes are “semipermeable” (tier 1, choice A) 

because “they allow some substances to pass” (tier 2, choice A).  The percentage of 

students who selected this response increased from 21.7% (n = 5) to 69.6% (n = 16) for 

the direct group and 38.1% (n = 8) to 71.4% (n = 15) for the inquiry group; both groups 

were just under the desired 75% correct response rate. 

 The most common misconception was that all cell membranes are 

“semipermeable” (tier 1, choice A) because “they allow some substances to enter, but 

they prevent any substance from leaving” (tier 2, choice B).  This misconception suggests 

a lack of understanding of the meaning of the term “semipermeable.”  Both direct and 

inquiry instruction seemed to have a positive impact on this misconception as the 

percentage of students selecting this response combination decreased from 17.4% (n = 4) 

to 8.7% (n = 2) for the direct group and from 19.0% (n = 4) to 14.3% (n = 3) for the 

inquiry group and, as stated, the percentage of students selecting the correct response 

combination increased for both groups. 
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Table 27 

Summary of DODT Item 12 Response Combinations 

Type of 

Instruction 

Choice on 

First Tier 

Reason 

 

A 

 

B 

 

C 

 

D 

Direct – Pre  A 5 (21.7%)* 4 (17.4%) 1 (4.3%) 2 (8.7%) 

B 1 (4.3%) 5 (21.7%) 2 (8.7%) 3 (13.0%) 

 

Direct – Post  

 

A 16 (69.6%)* 2 (8.7%) 1 (4.3%) 1 (4.3%) 

B 2 (8.7%) 1 (4.3%) 0 0 

 

Inquiry – Pre  

 

A 8 (38.1%)* 4 (19.0%) 2 (9.5%) 1 (4.8%) 

B 0 2 (9.5%) 3 (14.3%) 1 (4.8%) 

 

Inquiry – Post 

 

A 15 (71.4%)* 3 (14.3%) 0 0 

B 1 (4.8%) 1 (4.8%) 0 1 (4.8%) 

* = Correct content and reason combination 

Table 28 

Common Misconceptions about Membranes 

 

Misconception 

Direct 

Pre 

Direct 

Post 

Inquiry 

Pre 

Inquiry 

Post 

 

All membranes are: 

 

 Semipermeable because they allow 

some substances to enter, but they 

prevent any substances from 

leaving. 

 

4 

(17.4%) 

2 

(8.7%) 

4 

(19.0%) 

3 

(14.3%) 

 Permeable because they allow 

some substances to enter, but they 

prevent any substance from 

leaving. 

 

5 

(21.7%) 

1 

(4.3%) 

2 

(9.5%) 

1 

(4.8%) 
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Qualitative Phase 

 The following questions were used to guide the qualitative phase: 

(Q3) What are the factors of inquiry-based instruction that impact a student’s level of 

understanding of diffusion as measured by CES response and performance on the 

DODT? 

(Q4) What are the factors of direct instruction that impact a student’s level of 

understanding of diffusion as measured by CES response and performance on the 

DODT? 

To gather data for the qualitative phase, all participants completed a written 

survey at the end of the diffusion and osmosis unit, and small groups of students from 

each instructional group participated in focus group interview sessions about their 

experiences during the unit. Students responded to the following open-ended survey 

questions: 

1. What were some of the teaching strategies or activities that your teacher used that 

you really liked?  Why did you like these? 

2. What were some of the teaching strategies or activities that your teacher used that 

you did not like?  Why didn’t you like these? 

3. What teaching strategies or activities really helped you to understand diffusion 

and osmosis? 

4. What could have been done differently during this unit to help you better 

understand diffusion and osmosis? 

5. What teaching strategies or activities did you find particularly challenging during 

this unit? 
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The focus group interview sessions were very fluid in nature, allowing the researcher to 

ask follow-up questions and to probe for more information as necessary, but in general, 

the researcher used the following questions to guide the interview sessions: 

1. During the unit on Diffusion and Osmosis, your teacher used a type of instruction 

known as (direct or inquiry-based) instruction for each lesson.  How were the 

lessons similar to what you are used to from previous science units or classes? 

2. How were the lessons different from what you are used to from previous science 

units or classes? 

3. What was most beneficial in the lessons for helping you to understand diffusion 

and osmosis? 

4. What was least beneficial for helping you to understand diffusion and osmosis? 

5. What could have been done differently to help you better understand diffusion 

and osmosis? 

The researcher transcribed the surveys and interview sessions and analyzed the 

transcripts by classifying student responses as being in support of direct instruction, in 

support of inquiry instruction, against direct instruction, or against inquiry instruction.  

Within each of these larger categories, the researcher then examined responses for 

common themes and subcategories; for example, statements in favor of direct instruction 

that specifically mentioned the benefits of laboratory and hands-on activities.  A science 

education professor conducted an external audit of this qualitative data and agreed with 

the themes and categories used for coding of the data.  The researcher also asked four of 

the study participants (two from each group) to read the descriptions below; all 
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participants agreed that the descriptions accurately depict their experiences during the 

diffusion and osmosis unit.   

   Not surprisingly, the most frequent comments in support of both direct and 

inquiry instruction involved the use of laboratory and hands-on activities.  Many of these 

statements emphasized students’ recognition that they personally learn best by being able 

to participate in a hands-on activity rather than taking notes or listening to someone 

explain a concept.  For example, on the open-ended survey, Student D3 wrote, 

“Specifically I don’t remember all of the activities but in general I really enjoy the hands-

on activities most of all because I think I learn better that way.”  Student D11 felt 

similarly about the hands-on activities and explained, “I liked all of the labs we did.  It 

really sank all of the topics into my mind.”  This student further elaborated, “The labs 

helped me because I remember something I did rather than what someone else said.”  

Students in the inquiry group made comparable statements about the use of experiments 

and other hands-on activities to facilitate learning.  During one of the focus group 

interview sessions, Student I3 stated, “I’m a hands-on learner.  Since we did more labs 

than we have in the past, it’s easier to know what was happening or to know what was 

going on.”  On the open-ended survey, Student I21 wrote, “I like this teaching because 

we did some hands-on projects.  We could actually see what was going on and how it 

actually happened.”  Similarly, Student I5 explained on the survey, “I liked the way the 

teacher had labs into the lesson.  This made it easier to learn and remembering definitions 

and how things work.”   

 Some of the student comments about laboratory and hands-on exercises described 

specific activities that they completed as part of the diffusion and osmosis unit.  For 
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example, on the open-ended survey, Student D11 wrote, “I liked the lab we did with the 

dialysis tubing that taught us about the semipermeable membrane.  I also thought the U-

shaped tube was very interesting.  I didn’t think osmosis would [ever] go against the 

force of gravity.”  Student D15 also specifically described some of the laboratory and 

demonstration activities on the survey: 

One of the lessons that really helped me learn about diffusion was when [the 

teacher] sprayed perfume into a balloon and brought it around for us to smell.  

Even though the perfume was in the balloon, the balloon represented a 

semipermeable membrane, and how particles can pass through.  I also really 

enjoyed the water and iodine lab, I felt like I knew what I was doing and you 

could even SEE the effects of iodine moving into the tube because the glucose 

solution turned purple. 

 

Similarly, Student I4 wrote: 

I enjoyed the starch and iodine lab because it directly showed osmosis by having 

the reactions apparent during specific situations.  I also enjoyed the gummy bear 

activity because it displayed what the outside of a substance would look like after 

having been placed in a hypo/hypertonic environment. 

 

 Students in both groups regularly responded to writing prompts as part of the 

diffusion and osmosis unit.  The teacher used these writing prompts during the 

independent practice phase of direct instruction and the elaborate phase of inquiry-based 

instruction.  Students in both groups commented on the benefits of these writing prompts 

within the open-ended surveys and during the focus group interview sessions.  During 

one of the interview sessions, Student D15 said, “I think the writing prompts actually 

helped out a bunch because it would kind of like make you think about what we did in the 

lab and make you think about what you actually knew or what you were confused on.”  

On the survey, Student D1 explained, “The journals also were good since I thought about 

what we were taught a little deeper.”  Similarly, Student D6 wrote, “When we did those 

write-ups, I really got to think and apply what I had learned that day.”  Student I11 
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remarked during one of the focus group interview sessions, “With the stuff we’ve been 

learning now with osmosis and diffusion, we have to do these little short essays or 

paragraphs.  It kind of tells us about why it’s important and how it kind of involves our 

life.”  On the survey, Student I12 wrote, “The little journal papers we received for 

homework were helpful.  They really made me think about how diffusion and osmosis 

work, and what some examples are.”   

 Because the direct and inquiry lessons involved unique lesson formats and 

activities, there were certain activities and aspects of instruction that were mentioned by 

only one group.  Students in the direct group commented on the benefits of foldables and 

clicker questions.  Foldables are graphic organizers that contain visuals like models and 

diagrams.  The teacher occasionally used foldables during the instructional input phase of 

direct instruction to facilitate student note-taking.  For example, during the focus group 

interview, Student D23 stated, “ Even if you don’t get it in class, you had something to 

refer to and you could ask questions on certain things.”  Students seemed to recognize the 

benefits of the visual aspect of the foldables.  For example, Student D17 remarked during 

an interview session, “I like how [the teacher] gives us the pictures so that we can have a 

visual of what it would look like…[The teacher] gives us how it would look like, instead 

of just writing out how it would look like.”  The teacher regularly used clicker questions 

during the guided practice portion of direct instruction to provide students with 

opportunities to examine their understanding of new information and receive immediate 

feeback.  Clicker questions are multiple choice questions presented by the teacher to 

assess students’ understanding of topics just presented in class; students respond to these 

questions using handheld remotes.  This electronic response system immediately 
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tabulates the results and allows the teacher to view and anonymously display the results 

for students to see.  Students recognized that the clicker questions helped them pinpoint 

what they did and did not understand about diffusion and osmosis.  For example, Student 

D5 wrote, “I also liked using the clickers, because they were like little fun tests where 

you could see what you’re still not understanding.”  Likewise, Student D7 stated on the 

survey, “I liked doing the activities and the clicker questions because it quizzed me and 

showed me what I needed to work on.” 

 In addition to recognizing the benefits of specific lesson components, students in 

the direct group also commented on the advantages of repetition and the depth of learning 

provided by direct instruction.  During one of the focus group interview sessions, Student 

D2 stated, “Instead of doing it one time and then moving on, we did it more than once 

which helped me to understand better,” and Student D1 said, “We talked about it, and 

then we talked about it some more.”  On the surveys students commented on the use of 

multiple formats for covering the same material.  Student D10 wrote: 

I really liked the fact that the teacher didn’t just use notes to help us learn.  I liked 

the fact that we made foldables and that we did different labs.  I liked this because 

I don’t like just taking notes, I learn things better in different ways.   

 

Similarly, D21 stated, “I liked how [the teacher] gave us handouts, notes, folders etc. to 

help us understand diffusion and osmosis.  It was really helpful.  I also liked how we did 

hands-on activities mostly every day.” 

 Lesson components mentioned only by students in the inquiry group included on-

line laboratory simulations, group work, and discussion.  The teacher regularly used the 

simulations during the explore phase of inquiry instruction to provide students with 

opportunities to investigate what happens at a molecular level during diffusion and 
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osmosis.  During one of the focus group sessions, Student I3 stated, “I thought the 

[simulation] was beneficial because it was basically a model of what we needed to 

directly know.”  In another focus group, Student I20 remarked, “And with the 

[simulations] or the demos, that made me think about what are we going to do today or 

what the topic is about.”   

During the diffusion and osmosis unit, students in the inquiry group often worked 

in groups, especially during the explore phase of the lesson.  While exploring concepts 

that were new to them, students had to work together to make sense of their observations.  

During the interview sessions, multiple students commented on the benefits of this group 

work for enhancing their understanding of diffusion and osmosis.  For example, Student 

I3 said, “I also thought that making us work in groups instead of alone was good because 

then we can augment as well as complement each other’s knowledge.”  Similarly, 

Student I1 explained, “Being in a group, it does help because you have three or 

four…and you put them together and then make them one.  And it helps you.”   

The teacher always began the explain stage of inquiry instruction with a 

discussion of students’ observations and results during the explore phase.  Although the 

teacher did have to explicitly introduce new vocabulary terms and concepts during this 

phase of instruction, there was a heavy reliance on student input, and students were 

encouraged to comment on their peers’ ideas during the explain phase.  During the 

interview sessions, students commented on how these discussions aided their 

understanding of diffusion and osmosis.  For example, Student I20 stated, “Well I do like 

that we did discuss because even though we didn’t have direct notes like they [the direct 

group] did, I still did get a really good understanding of it.”   
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 Whereas students in the direct group commented on the benefits of repetition 

during their lessons, multiple students in the inquiry group recognized that inquiry 

instruction required them to think in a different way than they had during previous 

science lessons or classes.  During the focus group session, Student I13 said: 

So in the past when we do labs, we know all of the vocabulary, all of the 

information that we’re going to need to know for labs.  But here we didn’t know 

some vocabulary.  We didn’t know some concepts, and we had to discover those 

by using the lab. 

 

Similarly, Student I3 stated, “We were able to soak the knowledge in a little more 

because you made us really think about it.”  Other students recognized that this different 

way of thinking about the concept had helped them to better understand and remember it.  

For example, Student I12, said, “I kind of like how we found it out ourselves.  It was 

more, I don’t know, it was just easier for me to do it myself.  I could get it through my 

head more than actually just hearing it.”  Student I11 stated, “It makes me try to find out, 

like it has to make me think what it is.  When I did it, I kind of knew what it was.  It 

understood it, and I remembered.”  Student I19 remarked, “This year, it feels like we’re 

actually knowing the subject.” 

 During focus group interview sessions with students from the direct group, the 

researcher described the lesson sequence and activities used during inquiry instruction 

and asked students to comment on what they thought might be some of the benefits and 

drawbacks to this type of instruction. Although they did not participate in inquiry 

instruction, even students from the direct instruction group recognized the potential of 

inquiry instruction for making them think about the material in a different way.  For 

example, Student D1 said: 
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I’m more of a hands-on learner, and I enjoy doing labs and things more.  And I 

like having to think and things.  So I like the idea of not really knowing 100% 

what we’re doing and having to think and figure stuff out. 

 

Similarly, Student D3 stated: 

Honestly having to challenge yourself and thinking more and doing more like 

hands-on things, for me it’s a better way of learning instead of just writing the 

notes and then doing the lab.  Because if I write notes, I get confused with 

definitions.   

 

Student D10 commented, “I would have liked not taking notes…I kind of like having to 

learn something without being told it first because…it just makes me feel smarter.  You 

know, like, I knew it without someone explaining it to me.” 

 Additionally, students in the direct group thought that inquiry instruction would 

have helped them better understand diffusion and osmosis.  Student D2 said, “I would’ve 

liked doing the lab first and then talking about it so I could understand it.”  Student D20 

explained, “I would’ve liked to do more of the hands-on because I grasp more of the 

information like that.” 

 Students in the inquiry group received a researcher-provided description of the 

lesson sequence and activities used during direct instruction and considered potential 

benefits and drawbacks of this type of instruction. An overwhelming majority of the 

students’ positive comments about direct instruction involved note-taking.  For example, 

Student I13 said, “I have a really bad memory, and so I [need] to read over something to 

begin to kind of get it in my head.  I think occasional notes are good, especially if it’s 

vocab or something like that.”  Student I11 explained, “I think if you took notes you have 

a better understanding…I guess it would be easier to understand the experiments we’re 

doing, and it can help you when you try to apply it.” 
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 In addition to the positive statements students made about direct and inquiry 

instruction, the researcher also looked for common themes in statements about the 

drawbacks of the two instructional methods.  An overwhelming majority of the negative 

comments about direct instruction related to note-taking.  Students from the direct group 

admitted that they were more focused on copying notes than understanding the content of 

the notes.  During a focus group session, Student D15 explained, “I’m so focused on 

writing my notes and how they’re written that I’m not processing the information at that 

time, and I’m not thinking of asking questions of what I don’t understand.”  During the 

same focus group session, Student D16 said, “I’m a really big visual learner so I try to 

make things look pretty…so I concentrate on making it look pretty instead of actually 

processing the information.”   

During the focus group interview sessions with students from the inquiry group, 

students considered potential drawbacks of direct instruction.  Even though they did not 

participate in this type of instruction, students commented on the lack of comprehension 

during note-taking.  For example, Student I4 said, “Some students will just directly write 

the words and not really comprehend it until later when they have to study for a test.”  

Similarly Student I1 said, “When we write notes, we’re rushing to do it, and we don’t 

have time to analyze what we just wrote.”  Interestingly, though inquiry students 

commented on the negative aspects of note-taking, as stated above, an overwhelming 

majority of their positive comments about direct instruction also involved note-taking.   

 Other components of direct instruction that received negative feedback from 

students in the direct instruction group included the foldables and the clicker questions.  

As described previously, some students found these activities useful; however, other 
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students found these confusing.  Regarding the clicker questions, Student D22 stated, 

“Like once you get them wrong, like then what.”  Student D14 said, “The clickers 

confused me because I felt rushed to type and enter in the answer than think.”  Related to 

the foldables, Student D22 said, “I didn’t understand the foldables…I just didn’t get them 

for myself.”    

 Additional complaints from the direct group about their diffusion and osmosis 

unit included a desire for more hands-on activities and more time spent on osmosis.  

Student D11 expressed a desire for “more hands-on stuff to help me understand it more.”  

Student D16 wanted “more hands-on activities so I can see what’s happening.”  Multiple 

students described finding diffusion relatively easy to understand but struggling to 

understand osmosis.  For example, D21 said, “Diffusion, it’s kind of easy, like it’s going 

away, spreading out.  That’s the key word, everybody knows that.  Osmosis, that’s a hard 

word to break down.”  Because of their difficulty in understanding osmosis, students 

expressed a desire to spend more time on that concept.  Student D14 said, “I feel like we 

didn’t spend enough time on osmosis, and it was a pretty important part maybe.  But I 

feel like maybe if we spent a little more time on it, I would understand it a little more.”   

 Among students in the inquiry group, their main complaints about their diffusion 

and osmosis lessons included issues that arose during group work.  Some students 

admitted to copying their group members’ work if they did not understand the activity.  

They recognized that utilizing this strategy for completing their work did not help them 

develop their understanding of diffusion and osmosis.  Student I3 explained, “I think 

there was one problem with the groups, and sometimes a lot of people are just copying 

down what other people wrote and drew and said.”  Student I4 elaborated on why this is a 
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problem:  “I feel like the people who copied definitely didn’t get the same understanding 

as we did because though they do have the words, they don’t really have the meaning or 

the memory.”  Other students reported being distracted by their group members.  For 

example, Student I21 said, “When I’m sitting with friends, I can talk about the lab, and I 

kind of get off topic a lot.  So that kind of didn’t really help me.” 

 Another common complaint about inquiry instruction made by students in the 

inquiry group included confusion about specific activities that were used during the 

explore phase of the lessons, specifically the on-line simulations and the laboratory 

exercises.  About the simulations, Student I10 wrote, “[The teacher] had us use a website 

for different parts in class that confused me.  I didn’t like it because I didn’t understand it 

very well, and it was confusing.”  Regarding the labs, Student I13 said, “Sometimes when 

we would do the lab our way, we would sort of get confused and not know what we were 

even testing or what we were really doing.”  During the focus group interview sessions 

with students from the direct group, students reported the following potential drawback if 

inquiry instruction.  Even though they did not participate in this type of instruction, 

students expressed the belief that they would have found inquiry instruction to be 

confusing.  For example, Student D4 stated: 

Labs for me are kind of difficult because I get sidetracked, or I just get too into 

the instructions.  And if I don’t know what information I’m supposed to be 

processing, it’s harder for me to pinpoint what I need to remember. 

 

Similarly, Student D15 explained: 

I wouldn’t want to do [the lab] before we took notes just because I wouldn’t 

understand what I was doing.  And I’m not really great at paying attention either, 

so I would get way off track during the lab and have it totally wrong.  

 



 

131 
  

 In support of Student D15’s statement and reinforcing a potential drawback on 

inquiry instruction, numerous students in the inquiry group expressed their desire to 

include note-taking within the instruction.  Student I6 said, “I didn’t like when we 

weren’t taking notes because I like taking notes so I can study easier at home.”  Student 

I16 wrote, “I think I would’ve preferred to have taken more notes so that I can learn the 

information easily.”  In a similar vein, even though students in the direct group viewed 

note-taking as more of a disadvantage due to a tendency to focus on copying words rather 

than comprehending the concepts, they described lack of note-taking during inquiry 

instruction as one of its main disadvantages when asked to compare direct and inquiry 

instruction during their focus group sessions.  Student D11 explained, “I think that if we 

did a lab before we took notes, then the lab would seem pointless and that we 

wouldn’t…know what we were doing.”  Similarly Student D16 stated, “If we’re just 

learning it as we go like you do an activity and there’s no actual notes that you can see 

later on when you’re about to study, then you don’t remember anything that happened.”  

Additionally, even though students in the direct group described note-taking as one of the 

drawbacks of direct instruction, some direct group students thought the lack of note-

taking during inquiry instruction might hinder the learning of students who participated in 

inquiry instruction.  For example, Student D11 said, “If we did a lab before we took 

notes, then the lab would seem pointless and…we wouldn’t know what we were doing.”  

Student D16, explained:  

If it’s not explained to me first, I sort of…set myself on something that seems 

right, which it may be wrong.  And then in the future, because I’ve already drilled 

it into my brain that it’s right, then I don’t learn the correct information.”         
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Summary of Results 

 Based on the overall DODT results, the two groups appear to have made similar 

gains in their understanding of diffusion and osmosis.  Both groups experienced small, 

although significant, improvement in their overall DODT scores, and the difference in 

scores between groups was not significant.  Through a closer analysis of individual 

DODT items and with the addition of CES data, however, differences in the groups begin 

to emerge.  The DODT item-analysis revealed differences in the types of common 

misconceptions expressed by each group.  For the CES data, more students in the inquiry 

group achieved a sound or partial level of understanding than did students in the direct 

group.  Additionally, the majority of students in the direct group provided responses on 

the posttest that displayed a partial level of understanding and contained a misconception.  

The qualitative data provided interesting insight into the perceived benefits of each type 

of instruction.  Students in both groups found laboratory and hands-on activities to be 

most beneficial in improving their understanding of diffusion and osmosis.  Students in 

the direct group also liked the use foldables and clicker questions and reported that the 

repetitive nature of direct instruction helped them to understand diffusion and osmosis.  

Surprisingly, note-taking did not aid students’ understanding of diffusion and osmosis, as 

many students described being more focused on copying the words than understanding 

the concepts.  Students in the inquiry group benefitted from group work and discussions.  

Additionally, students in this group reported that inquiry-based instruction required them 

to think about the information in a different way because they had to make sense of their 

observations and results on their own, rather than being explicitly told the new 

information.
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CHAPTER FIVE 

 

Conclusions

 

 

 In this embedded mixed methods case study, quantitative data were gathered to 

determine the impact of direct and inquiry-based instruction on students’ understanding 

of diffusion and osmosis.  Two different instruments were used to measure students’ 

understanding of diffusion and osmosis:  an open-ended Concept Evaluation Statement 

(CES) and the multiple choice Diffusion and Osmosis Diagnostic Test (DODT).  

Qualitative data in the forms of open-ended surveys and focus group interviews were 

then gathered to examine the components of direct and inquiry instruction that impacted 

students’ understanding of diffusion and osmosis.  The aims of this chapter are to:  (a) 

use survey and interview data to provide insight on the CES data and discuss results of 

the CES in light of similar previous studies, (b) use survey and interview data to provide 

insight on the DODT data and discuss results of the DODT in light of similar previous 

studies, and (c) discuss the study’s implications in regards to direct and inquiry-based 

instructional methods.  Additionally, this chapter will address limitations of the present 

study, as well as ideas for future research. 

CES Data 

 The following research question related students’ participation in either direct or 

inquiry instruction and their performance on the CES: 
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(Q1) Is there a relationship between ninth grade biology students’ understanding of 

 diffusion as measured by their response to a CES and their participation in either 

 direct instruction or inquiry-based lessons? 

This question translated into the following hypothesis: 

(H1) Students who participate in inquiry-based lessons will score higher on the CES 

compared to students who participate in direct instruction lessons. 

Student responses were scored as demonstrating one of the following levels of 

understanding:  no understanding, specific misconception, partial understanding with 

misconception, partial understanding, sound understanding, or complete understanding.  ; 

The following posttest results seem to suggest that inquiry-based instruction provided an 

advantage over direct instruction in shaping students’ understanding of diffusion: 

(1)  All students who provided responses that demonstrated a sound level of 

understanding participated in inquiry-based instruction. 

(2) More students in the inquiry group achieved a partial level of understanding 

than did students in the direct group. 

(3) More students in the direct group demonstrated a misconception about 

diffusion than did students in the inquiry group. 

Although no formal conclusions can be drawn from the research regarding what 

might have caused these differences in the CES data, the survey and interview data 

provide some insight into factors that might have helped students in the inquiry group 

develop a better understanding of diffusion than students in the direct group.  In order to 

convey scientific concepts to students in the inquiry group, the researcher relied heavily 

on discussion.  These discussions began with students describing their observations and 
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results from a previous hands-on or computer-simulated laboratory activity.  The teacher 

waited for students to describe the scientific phenomena they observed before introducing 

formal vocabulary terms and scientific concepts.  After these terms and concepts had 

been introduced into the discussion, the researcher encouraged students to use them in 

their discussions.  Multiple students in the inquiry group commented on the benefits of 

these discussions.  For example, during one of the focus group sessions, Student I19 

stated, “I need it ‘dumbed down,’ I guess you could say for lack of a better word, in order 

to understand it.  So I guess having it explained and discussed…helped.”  On the other 

hand, in order to convey new scientific concepts to students in the direct group, the 

researcher relied heavily on lectures and note-taking.  Students in the direct group did 

participate in various hands-on and laboratory exercises; however, these activities took 

place after new terms and concepts were explicitly stated and defined by the teacher.  In 

general, students in the direct group did not feel that the notes contributed to their 

understanding of diffusion because they were more focused on copying the words than 

understanding the content of the notes.  For example, Student D18 said, “When I’m 

taking notes, I’m just paying attention to making sure my notes are in my journal that 

while you’re explaining it, I’m still taking notes and not paying attention to anything 

you’re saying.”  Lack of comprehension during note-taking can impact students’ 

understanding of subsequent lesson activities, as Student D15 explained, “I don’t 

understand what I’m doing with the lab if I just took notes and wasn’t focusing on what I 

was actually writing.”  Students in the inquiry group completed hands-on activities prior 

to any formal introduction of the scientific terms and concepts, and then the researcher 

used discussion to help students make sense of these experiences.  Students in the direct 
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group, on the other hand, took notes on the topics prior to completing the hands-on work; 

the researcher then used the hands-on activities to verify to students scientific concepts 

that had been presented during the notes.  As Student D15 pointed out, if students did not 

understand the notes, the activities did not have any meaning for the students either.   

 Additionally, multiple students in the inquiry group described having a deeper 

understanding of the content because of the nature of inquiry-based instruction.  For 

example, Student I2 wrote, “The hands-on labs helped me understand diffusion and 

osmosis because I got to teach myself.”  Similarly, Student I20 said, “With other science 

classes that I’ve had in the past, we would just learn about it and then maybe have like 

one lab, instead of multiple or getting interested in it or making us think.”  Perhaps 

Student I19 best summed up the impact of inquiry-based instruction with this statement:  

“This year, it feels like we’re actually knowing the subject.”  During the focus group 

sessions, the researcher described inquiry-based instruction to students in the direct group 

and asked them to comment on what they perceived as the benefits and drawbacks of 

inquiry.  Even though they did not participate in inquiry lessons, these students 

recognized that inquiry-based instruction might have helped them develop a better 

understanding of diffusion and osmosis.  For example, Student D6 said, “I think it would 

have made us think a lot more about what was happening during the labs.  Like you’d 

actually have to sit down and process what the text is saying and what these terms 

meant.”  Similarly, Student D17 stated, “I think that was a good way to do it because 

instead of just copying notes, they got to ‘get it’ before they just took down the 

notes…So they kind of put their thinking into it.” 
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 Another important finding specific to the CES data is that no students in either 

group displayed a complete understanding of diffusion, and only a handful of students in 

the inquiry group provided a response that demonstrated a sound level of understanding.   

It is discouraging that more students did not obtain a higher level of understanding of 

diffusion as a result of their participation in the diffusion and osmosis unit; however, 

these results are similar to those of other studies that have used different versions of the 

Concept Evaluation Scheme (CESCH) for evaluating students’ CES responses.  

Westbrook and Marek (1991) used the same CESCH as the present study to evaluate CES 

responses provided by 100 students in each of the following grades or classes:  seventh 

grade, tenth grade, and college zoology.  They found that the age or grade level did not 

impact students’ understanding of diffusion.  Additionally, no students in any of the 

groups demonstrated a complete or sound understanding of diffusion.  The percentage of 

students who demonstrated a partial understanding ranged from 30% to 38%.  The largest 

number of students in each group provided responses that displayed either partial 

understanding with a misconception or a specific misconception, with the totals ranging 

from 55% to 61% students for the three groups.   

 Simpson and Marek (1988) used a slightly different version of the CESCH to 

evaluate and compare CES responses provided by tenth grade students from small and 

large schools; their sample included a total of 100 students, 50 from each sized school.  

The CESCH that they used included the following levels of understanding:  sound 

understanding, partial understanding, partial understanding with misconception, complete 

misunderstanding, and no response.  Only a handful of students (less than five) from 

large schools displayed a sound understanding of diffusion; the greatest number of 
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students from large schools demonstrated a partial understanding (approximately 20 

students).  For students from small schools, over 20 students provided no response, and 

an equal number of students demonstrated either a partial understanding of complete 

misunderstanding of diffusion (less than 15 per category). 

 Marek (1986) assessed 60 tenth grade students’ understanding of diffusion using a 

version of the CESCH that included the following categories:  sound understanding, 

partial understanding, specific misconception, and no response.  Only 1 student showed a 

sound understanding of diffusion, and 20 students displayed partial understanding of 

diffusion.  The largest number of students (n = 28) provided responses that contained a 

specific misunderstanding about diffusion.   

 Marek et al. (1994) used a very simplified version of the CESCH, but the actual 

design of their study was most similar to the present study.  Class A (16 students) 

participated in lessons about diffusion that were designed using the learning cycle, an 

inquiry-based model.  Class B (19 students) participated in traditional lecture-based 

lessons.  Students provided CES responses at the conclusion of the lessons; the 

researchers used only two categories for scoring these:  understanding or 

misunderstanding.  In Class A, 94% of students provided a response that demonstrated an 

understanding of diffusion.  In Class B, 58% of students demonstrated an understanding 

of diffusion.   

Studies have used CES responses to examine knowledge of other science 

concepts and found that students’ understanding is equally as limited with regards to 

these concepts.  Westbrook and Marek (1992) used the same seventh-grade life science, 

tenth-grade biology, and college zoology students’ as their study described previously to 
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compare students from different grade levels in their understanding of homeostasis.  The 

CESCH included the following levels of understanding:  complete understanding, partial 

understanding, partial understanding with specific misconception, specific 

misconception, and no understanding.  Out of 100 students per grade level, only 4 college 

students demonstrated complete understanding of homeostasis.  Three seventh-grade, 12 

tenth-grade, and 26 college students provided responses that indicated a partial 

understanding of the concept.  For all grade levels, the majority of student responses 

contained a misconception or showed no understanding of homeostasis.  Among seventh-

grade students, 46 possessed misconceptions, and 51 showed no understanding.  Among 

tenth-grade students, 54 expressed misconceptions, and 34 showed no understanding.  

Almost two-thirds of the college students provided responses that contained a 

misconception about homeostasis.   

Simpson and Marek’s (1988) previously described study also compared students 

from small and large schools in their understanding of homeostasis, classification, and 

food production in plants.  For the homeostasis CES, over 20 students in each group (out 

of a total of 50 per group) provided no response.  No students from either group 

displayed sound understanding of homeostasis.  For the classification CES, only one 

student from the large school group showed a sound understanding.  Approximately 20 

students from the large school group provided responses that displayed partial 

understanding, and an equal number of students in the small school group provided no 

response. For the food production CES, approximately three students in the large school 

group demonstrated sound understanding.  The remaining responses for students from 

both groups were fairly equally distributed among the other levels of understanding.   
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Marek’s (1986) study described previously also measured tenth grade students’ 

understanding of the cell.  Only 9 out of 60 students displayed a sound understanding of 

cells; the number of students who demonstrated either a partial understanding of cells or 

specific misconception about cells totaled 16 and 21, respectively.  The purpose of 

reviewing these results here is to show that the results of the present study, although 

discouraging that students did not obtain higher levels of understanding, are not 

unexpected based on results of previous studies.  Moreover, the purpose of the current 

study was not to explore the reason for students’ levels of understanding but to explore 

the possible relationship between students’ understanding and their participation in 

different types of lessons.     

DODT Data 

 The following research question related students’ participation in either direct or 

inquiry instruction and their performance on the DODT: 

(Q2) Is there a relationship between ninth grade biology students’ performance  on the 

 DODT and their participation in either direct instruction or inquiry-based lessons? 

This question translated into the following hypothesis: 

(H2) There will be no difference in scores on the DODT for students who participate in 

inquiry-based lessons and students who participate in direct instruction lessons. 

As described in Chapter Four, a two-way analysis of variance indicated a 

significant difference between the pre- and posttest.  There was no significant difference 

between direct and inquiry instruction and no interaction between timing of the test (pre- 

or posttest) and type of instruction.  Because the DODT is a multiple choice test, it is a 

type of fixed response test. This type of assessment requires test-takers to select the 
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response from a list and typically does not elicit the higher levels of cognitive processing 

required of constructed response assessments, such as the CES.  Students in both groups 

received quality instruction on diffusion and osmosis based on widely accepted models 

for science teaching.  Due to the quality of instruction and the fact that the DODT is a 

fixed response test that requires simple recognition of the correct answer rather than the 

construction of a free response, it is not surprising that the groups performed similarly on 

the DODT.  

Based on analysis of survey and focus group data, it is likely that the hands-on 

exercises and writing prompts in combination with other activities that were unique to 

each group contributed to the improvement in DODT scores.  Students in both groups 

described the benefits of hands-on activities and writing prompts.  In regards to the 

hands-on activities, Student D12 stated, “The strategies I liked were the visuals and 

hands-on activities we did to help us understand fully and how everything works.”  

Similarly, Student I2 said, “The hands-on labs helped me understand osmosis and 

diffusion because I got to teach myself.”  Student D8 said the following about the writing 

prompts:  “They helped me remember what we talked about.  They also assured me that I 

knew what I was talking about.”  Student I10 explained, “I really like that type of format 

for it because it really gets you thinking, and you get to draw what you think about it. 

And when we turn it in, you grade it, but it helps us…I really like those.”   

In addition to hands-on activities and writing prompts, the other themes 

uncovered during qualitative data analysis were unique to each group.  Students in the 

direct group described foldables, clicker questions, and the repetitive nature of direct 

instruction as aiding in their understanding of diffusion and osmosis.  Student D15 said, 
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“I like that we do foldables a lot.”  Student D4 liked using the clickers as a way to review 

because “it helps me to know what I understand and what I need to go over.”  Students in 

the direct group also found the use of multiple formats for presenting material to be 

beneficial.  For example, Student D21 explained, “It helped us understand more because 

we do notes and apply it to ourselves, and then we can do a lab.  It gives us opportunities 

to understand it.”  Similarly, Student D17 said, “To me, just how we’ve been doing 

everything, how we take notes and do the lab, that’s beneficial to me because this year 

I’m passing.  That’s a surprise to me because I was never good in science.”   

Students in the inquiry group described discussions and group work as being 

beneficial.  The discussions forced the students to really think about what they were 

learning, unlike lectures and note-taking that rely on passive delivery of information to 

students.  Student I3 explained:  

When you ask questions beforehand, you were able to see what we already knew.  

So you went along with that, and afterwards we were able to soak the knowledge 

in a little more because you made us really think about it. 

 

Group work was helpful because students were able to work together to verbally process 

their understanding of new concepts.  As Student I1 said, “You put them [students’ ideas] 

together and then make them one.  And it helps you.”  Additionally, as described earlier 

in this chapter in relation to CES results, students in this group explained that the nature 

of inquiry-based instruction required them to think about scientific concepts in a different 

way and helped them to understand and remember the material.     

As described in Chapter Four, the researcher conducted a detailed item-analysis 

on the DODT data, examining the change in the percentage of students selecting the 

correct content/reason response combination from the pretest to the posttest for each 
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item.  For the direct group, the percentage of students selecting the correct content/reason 

response combination increased from the pretest to the posttest for 11 of the DODT items 

and decreased slightly only for Item 4.  For the inquiry group, the percentage of students 

selecting the correct content/reason response combination increased from the pretest to 

the posttest for nine of the DODT items and remained the same for the other three items 

(Item 2, Item 5, and Item 7).   

The researcher’s item-analysis also included an examination of incorrect 

content/reason response combinations to provide insight on student misconceptions about 

diffusion and osmosis.  This data analysis did not reveal any specific patterns in the types 

or frequency of misconceptions for the two groups.  For example, Item 1 and Item 5 both 

address the process of diffusion.  For Item 1, the direct group showed an increase in the 

misconception that “diffusion” (tier 1, choice B) causes the water to turn light blue 

because “the dye separates into small particles and mixes with water” (tier 2, choice C); 

however, the inquiry group showed a decrease in this misconception.  On the other hand, 

the direct group showed a decrease in the misconception that “osmosis” (tier 1, choice A) 

causes the water to turn light blue because “the dye separates into small particles and 

mixes with water” (tier 2, choice C); however, the inquiry group showed an increase in 

this misconception.  Both groups showed a decrease in the misconception that “a reaction 

between the water and dye” (tier 1, choice C) causes the water to turn light blue because 

“the dye separates into small particles and mixes with water” (tier 2, choice C).  For Item 

5, both groups showed an increase in the misconception that sugar molecules in a beaker 

of water would “be more concentrated on the bottom of the container” (tier 1, choice A) 

after sitting undisturbed for a period of time because “there is movement of particles from 
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high to low concentration” (tier 2, choice A).  An analysis of student misconceptions 

related to the other main concepts tested on the DODT (the particulate and random nature 

of matter, concentration and tonicity, kinetic energy of matter, the process of osmosis, the 

influence of life forces on diffusion and osmosis, and membranes) revealed similar 

results, with some misconceptions decreasing for one group and increasing for the other 

group, some misconceptions decreasing for both groups, and some misconceptions 

increasing for both groups.  Unfortunately, the nature of the qualitative data did not 

provide the researcher with insight on differences between the two groups related to the 

percentage of students selecting the correct content/reason response combination for each 

item or changes in misconceptions.  In future studies, the researcher plans to analyze the 

quantitative data before conducting focus group interview sessions in order to gather 

qualitative data about students’ understanding of and misconceptions about diffusion and 

osmosis.     

Similar to the CES results, students’ scores on the DODT did not increase as 

much as the researcher anticipated or desired.  Based on the results of other studies that 

used the DODT, these small, although still significant, improvements were not 

unexpected.  Tekkaya (2003) conducted a study similar to the present study in that he 

compared the impact of two different teaching methods on DODT scores.  The 

experimental class, consisting of 20 ninth-grade students, participated in lessons that 

consisted of concept mapping and conceptual change text.  The control class, consisting 

of 24 ninth-grade students, participated in traditional lessons.  Mean scores for the 

experimental group increased from 2.7 on the pretest to 6.5 on the posttest; mean scores 

for the control group increased from 2.3 on the pretest to 4.7 on the posttest.  Mean 
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posttest scores for the present study were 4.74 for the direct group and 4.76 for the 

inquiry group.  Prior to the commencement of Tekkaya’s (2003) study, students in the 

experimental group received explicit instruction on concept mapping and participated in 

two different units that provided them with opportunities to use conceptual change texts 

and create concept maps.  For the present study, participants in the inquiry group had 

little prior experience with inquiry instruction.  The teacher regularly uses inquiry in the 

classroom; however, the diffusion and osmosis unit was conducted early in the school 

year before students had other opportunities to experience inquiry instruction.  Perhaps 

the students in the inquiry group would have experienced larger gains in DODT scores if 

they had been more familiar with inquiry-based learning strategies. 

For the present study, the researcher also examined the percentage of students 

who answered each DODT item (content and reason combination) correctly, using a 75% 

correct response rate as an indicator that the group as a whole obtained a satisfactory 

level of understanding.  Barrow (1995) used this same method for comparing DODT 

scores of secondary biology students, college non-biology majors, and college biology 

majors.  As mentioned in Chapter Four, both groups in the present study scored 75% on 

only one item (Item 7).  In Barrow’s study, secondary students demonstrated a 

satisfactory level of understanding on only one item (Item 7).  Non-biology majors 

demonstrated a satisfactory level of understanding on two items (Item 7 and Item 12), 

and biology majors demonstrated a satisfactory level of understanding on four items 

(Item 6, Item 7, Item 9, and Item 12).   

Researchers have used two-tier multiple choice tests to examine students’ 

understanding of a variety of concepts, such as molecular geometry, solution chemistry, 
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chemical reactions, and genetics (Adadan & Savasci, 20120; Chandrasegaran, Treagust, 

& Mocerino, 2007; Tsui & Treagust, 2010; Uyulgan, Akkuzu, & Alpat, 2014).  Uyulgan 

et al. (2014) administered a 25-item molecular geometry assessment to 110 college 

freshmen and sophomores.  The percentage of students who answered both tiers correctly 

for a given test item ranged from 2% to 35%.  For all 25 test items, the participants were 

well below the desired 75% correct response rate to indicate a satisfactory level of 

understanding for the group as a whole.   

Adadan and Savasci (2012) developed a 13-item two-tier multiple choice test to 

measure secondary students’ understanding of solution chemistry.  They administered 

this test to 756 Turkish secondary students.  The percentage of students who answered 

both tiers correctly ranged from 11% to 69% for the 13 items.  Consistent with the 

present study, students performed considerably better on first tier questions than on the 

combination of first and second tier questions, “implying that the students could provide 

correct content answers about a specific concept, but have a lack of understanding about 

the core explanations of targeted concepts” (Adadan & Savasci, 2012, p. 536).  

Additionally, the researchers identified 21 alternative conceptions that were observed in 

at least 10% of the participants.     

Tsui and Treagust (2010) developed a two-tiered multiple choice test to measure 

secondary students’ understanding of genetics.  They administered the test to tenth-grade 

and twelfth-grade students in Australia.  The tenth-grade students completed a 9-item 

version of the test.  The percentage of students who answered both tiers correctly ranged 

from 12.1% to 93.9%; greater than 75% of participants answered both tiers correctly for 

three of the items.  The twelfth-grade students completed a 13-item version of the test.  
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The percentage of students who answered both tiers correctly ranged from 28.6% to 

100%; greater than 75% of participants answered both tiers correctly for five of the items.   

Chandrasegaran et al. (2007) developed a 15-item two-tier multiple choice test to 

measure ninth- and tenth-grade students’ understanding of chemical reactions.  The 

researchers administered the test to 65 students, who obtained a mean score of 11.  This 

mean seems exceptionally high in light of the relatively low means found on the DODT 

for the present study and Tekkaya’s (2003) study described previously.  One possible 

explanation for this is the extended length of time that the students had been studying 

chemical reactions; students completed the test at the end of the school year after nine 

months of instruction on chemistry and chemical reactions.  Despite the high average 

scores on the test, the researchers still discovered 14 non-scientific conceptions that they 

labeled as resistant to instruction because they were expressed by at least 10% of the 

tested participants.  The purpose of describing previous studies that used the DODT, as 

well as studies that used two-tier multiple choice tests to assess other science concepts, is 

to show that the results of the present study, with small but significant increases in DODT 

scores and a wide range of misconceptions even after instruction, are consistent with the 

results of previous studies.   

Based on the results of their study, Adadan and Savasci (2012) concluded the 

following: 

Students’ knowledge structure could be considered incoherent and fragmented 

(Tabor, 2008).  However, as Palmer (1999) claimed, there is no inconsistency 

from students’ point of view, because ‘the responses will be a true reflection of 

the “if…then” nature of their understandings’ (p. 650).  That is, students have a 

knowledge structure that includes both scientific and non-scientific conceptions, 

allowing them to select one with respect to the given case.  (p. 537)  
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Although Adadan and Savasci (2012) made this conclusion in regards to students’ 

understanding of solution chemistry, the same could also be said about students’ 

understanding of diffusion and an unlimited number of other scientific concepts.          

Implications and Recommendations 

 In an educational climate where teachers are simultaneously tasked with preparing 

students for high stakes tests and enhancing their scientific literacy, the results of this 

study seem to suggest that inquiry has more potential for addressing both of these aims.  

Similar to the DODT, standardized tests typically utilize a fixed response format, such as 

multiple choice or true/false.  In the present study, direct and inquiry-based instruction 

led to similar gains in DODT scores.  Other studies have specifically examined the 

impact of inquiry-based instruction on standardized test scores.  For example, Geier et al. 

(2008) compared standardized test scores of Detroit middle school students who 

completed one to three inquiry-based units with scores of students who did not participate 

in these units.  The inquiry units were developed as part of a collaboration between the 

University of Michigan, Northwestern University, and Detroit and Chicago Public 

Schools.  The Michigan Educational Assessment Program, the state’s standardized testing 

system, measures overall science scores and scores in Earth, physical, and life science 

content areas.  Students who completed at least one inquiry unit performed significantly 

better in overall scores and all three content area scores than students who did not 

complete any inquiry units. 

Liu, Lee, and Linn (2010) developed 10 inquiry-based units for use in various 

middle and high school subject areas.  During the first year of the study, teachers used 

direct instruction methods for teaching the students in the Typical Cohort.  During the 
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second year of the study, the same teachers integrated one or two of the inquiry units into 

their instruction for students in the Inquiry Cohort.  The researchers used two different 

types of assessment for measuring student progress:  project-based assessments and items 

from standardized tests such as Trends in International Mathematics and Science Study 

(TIMSS) and National Assessment of Educational Progress (NAEP).  Students in the 

Inquiry Cohort performed significantly better than students in the Typical Cohort on both 

types of assessment. 

Scientific literacy demands more of individuals than simply passing a 

standardized test.  The National Science Education Standards (National Research 

Council [NRC], 1996) provide the following definition of scientific literacy: 

Scientific literacy means that a person can ask, find, or determine answers to 

questions derived from curiosity about everyday experiences.  It means that a 

person has the ability to describe, explain, and predict natural phenomena.  

Scientific literacy entails being able to read with understanding articles about 

science in the popular press and to engage in social conversation about the 

validity of the conclusions.  Scientific literacy implies that a person can identify 

scientific issues underlying national and local decisions and express positions that 

are scientifically and technologically informed.  (p. 22) 

 

Although the CES does not come close to addressing all of these facets of scientific 

literacy, it does provide a better assessment of an individual’s “ability to describe, 

explain, and predict natural phenomena” than the DODT because of its constructed 

response format (NRC, 1996, p. 22).  The posttest CES results do seem to suggest that 

inquiry-based instruction provided an advantage to direct instruction in shaping students’ 

understanding of diffusion.  Students in the inquiry group demonstrated higher levels of 

understanding and fewer misconceptions on the CES posttest compared to students in the 

direct group.   
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If both inquiry-based and direct instruction lead to similar results on fixed 

response tests but inquiry-based instruction leads to a better understanding of scientific 

concepts as measured by open response tests, it seems logical to emphasize classroom 

integration of inquiry-based instructional practices.  For teachers who feel that the goals 

of preparing students for high stakes tests and enhancing their science literacy are at odds 

with each other, the results of this study suggest otherwise.  The multiple choice format 

of the DODT is similar to that of high stakes tests; students in the inquiry group 

performed as well as students in the direct group on this assessment.  The open-ended 

format of the CES provides a better measure of science literacy since students are 

required to construct an explanation on their own; students in the inquiry group out-

performed students in the direct group on the CES.  Other potential benefits of inquiry-

based instruction include better retention of science content, improved attitudes and 

beliefs about science, and increased time-on-task behavior (Bay et al., 1992; Blanchard et 

al., 2010; Drake & Long, 2009; Patrick et al., 2009; Renner et al., 1973; Yager & Akcay, 

2010). 

 Despite the numerous benefits of inquiry-based instruction, many teachers are 

hesitant to implement it in their classrooms because they are more comfortable with 

direct instruction techniques and fear they will have to drastically alter their teaching 

style, as well as the type and manner of utilizing materials and supplies.  In reality, 

however, teachers can make some minor, but distinct, changes in order to make their 

teaching more inquiry-based.  One simple change is to have students conduct laboratory 

activities before any formal introduction of science concepts.  For the present study, the 

teacher typically used hands-on activities during the guided or independent practice 



 

151 
  

phases of direct instruction, which occurred after concepts had been introduced, and 

during the explore phase of inquiry instruction, which occurred before concepts were 

discussed in the explain phase.  The laboratory activities were usually similar for the two 

groups, and the teacher simply changed the placement of the lab in the lesson sequence 

and made minor changes to any lab handouts to best support direct or inquiry instruction.  

For example, both groups completed a starch and iodine lab during a lesson on 

semipermeable membranes.  Students in the direct group completed this activity after 

taking notes on semipermeable membranes, and the purpose of the lab was to verify to 

students that membranes are permeable to some substances and not to others.  Students in 

the inquiry group completed this lab prior to the discussion of semipermeable 

membranes, and their observations helped them to realize that some substances were able 

to cross through the dialysis tubing though others were not, thereby making them curious 

as to how this happened.      

 Another simple change is to introduce scientific concepts through discussions 

rather than lectures.  As many students in the direct group explained, they did not 

comprehend the information as the teacher was lecturing because they were more 

concerned about copying the words from the projector screen and making their notes look 

visually appealing.  For the inquiry group, on the other hand, the teacher used discussions 

and questioning techniques for conveying scientific concepts; this format helped students 

to process new information.         

 Other minor changes can be made in order to make science experiences more 

inquiry-based and to produce gains in student understanding.  Cacciatore and Sevian 

(2009) compared college chemistry students’ understanding of stoichiometry after 
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following a step-by-step laboratory procedure or using an incomplete lab report template.  

The students who used the incomplete lab template performed significantly better on an 

open-response stoichiometry problem than students who followed the step-by-step 

procedure.  Llewellyn (2005) provides several recommendations for making laboratory 

activities more inquiry-based.  These include the following: 

 Beginning laboratory exercises by demonstrating a discrepant event and allowing 

students to determine questions to investigate based on this event,  

 Requiring students to develop the materials list and safety rules,  

 Providing students with only a partial list of procedures or asking students to 

sequence procedures in the correct order,  

 Encouraging students to determine what data to collect and how to organize and 

communicate this data, and  

 Redesigning the results section so that students are required to reflect on the 

significance of their observations and how these relate to their hypothesis. 

Again, by making a minor change to a laboratory procedure, the laboratory experience 

could be made more inquiry-based and could subsequently enhance students’ 

understanding of science content. 

 Inquiry does not represent a panacea for all issues in science education, however.  

Teachers must use their discretion when deciding to use inquiry or direct instruction for a 

particular concept.  Teachers should also consider the abilities and needs of their 

students; what is appropriate for one student or group of students will not necessarily be 

the best approach for another student or group of students.  This was illustrated in the 

present study by students’ comments regarding note-taking.  Students in both groups 



 

153 
  

commented on note-taking in both positive and negative connotations.  For example, 

Student D10 liked taking notes because “you write it down all the time…and you kind of 

get to know it, and you can review back to specific notes instead of having to go back to 

the lab.”  Similarly, Student I13 wished that the inquiry classes had taken notes during 

the diffusion and osmosis unit because “I have a really bad memory, and so I [have] to 

read over something to begin to kind of get it in my head.  So I think occasional notes are 

good, especially if it’s vocab or something like that.”  Students from both groups also 

described negative aspects of note-taking.  For example, Student D18 said, “When I’m 

taking notes, I’m just paying attention to making sure my notes are in my journal.  While 

you’re explaining it, I’m still taking notes and not paying attention to anything you’re 

saying.”  Student I4 explained, “Some students will just directly write the words and not 

really comprehend it until later when they have to study for a test.”  Well-rounded 

science instruction requires both direct and inquiry-based instruction, as each has a 

specific role in building students’ science literacy.  Direct instruction is appropriate for 

teaching certain skills, providing background knowledge, and even introducing specific 

terms or concepts during the explain phase of the 5E model.  Inquiry approaches, on the 

other hand, are recommended for helping students develop deep conceptual 

understanding of science content.  The two instructional approaches complement each 

other, and appropriate use of both approaches will lead to the greatest improvement in 

student learning.   

Limitations 

 The participants and location for this study were purposefully chosen because of 

the researcher’s access to the research site.  The results must be considered within the 
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context of the study; the small sample size and unique setting limit the generalizability of 

the results.  The study would need to be replicated in different schools with more teachers 

and students and incorporate different science concepts and content areas in order to 

allow for generalizations of the impact of direct and inquiry-based instruction on 

students’ understanding of science concepts.    

 Additionally, time was a limitation because the researcher was required to 

complete all data collection within the first quarter of the school year.  This did not 

impact instruction during the diffusion and osmosis unit; however, it did impact the way 

that the researcher conducted the interviews.  The researcher used focus groups sessions 

consisting of five to seven students to conduct the interviews.  Given more time, the 

researcher may have conducted more focus group sessions with a smaller number of 

students in each session or even conducted one-on-one interview sessions.  A few 

students tended to dominate each focus group session, and students also tended to simply 

repeat what their peers had just said. Smaller focus groups or one-on-one sessions could 

have helped eliminate these problems.  Additionally, in order to complete all of the 

interview sessions within the designated time frame, the researcher began focus group 

interview sessions just a couple of days after the conclusion of the diffusion and osmosis 

unit.  This did not allow for time to analyze the CES and DODT data prior to the 

interviews; therefore, interview questions were limited to those that dealt with students’ 

general experiences with direct or inquiry-based instruction.  This provided valuable 

information about the types of activities that students found most and least beneficial in 

developing their understanding of diffusion and osmosis; however, the researcher was not 

able to ask questions about specific misconceptions demonstrated by the students.  Given 
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more time, the researcher would have liked to analyze the CES and DODT data prior to 

the interview sessions in order to ask additional questions about students’ understanding 

of and misconceptions about diffusion and osmosis.    

Future Research 

 In light of the limitations of this study, it is recommended that the study be 

replicated in different schools with additional teachers and a larger sample size to 

determine if direct and inquiry instruction have a similar impact on students’ 

understanding of diffusion and osmosis in other settings.  Also, it is recommended that 

similar studies be conducted in various grade levels and across different content areas and 

science concepts to determine if direct and inquiry instruction have a similar impact on 

students’ understanding on all science concepts. Additionally, the researcher recommends 

restructuring interview sessions for future studies to obtain richer and more detailed 

qualitative data.  Limiting the size of focus group interview sessions to two or three 

students or even conducting one-on-one interviews might decrease the tendency of 

students to simply repeat what their peers have just said and lead to greater contributions 

by students who are typically quiet during larger focus group sessions.  As described in 

the study’s limitations, the researcher recommends analyzing the CES and DODT data 

prior to conducting focus group sessions so that specific questions about students’ 

understanding and misconceptions can be incorporated into the interviews.  Future 

studies might also include a posttest several weeks after the conclusion of the unit to 

determine the impact of direct and inquiry-based instruction on student retention or 

incorporate an opportunity for reteaching material based on student misconceptions and 

then having the students take the posttest a second time. 



 

156 
  

Conclusion 

 The current educational climate charges teachers with simultaneously preparing 

students for high stakes standardized tests and enhancing their scientific literacy.  These 

goals often seem at odds given the emphasis on memorization and recall of science facts 

required of standardized tests and the development of higher level knowledge and 

abilities characteristic of scientific literacy.  Due to the pressures of high stakes testing 

and the challenges of inquiry-based teaching, many science teachers resort to direct 

instruction.  However, the results of the present study seem to suggest that inquiry-based 

instruction provided an advantage over direct instruction in shaping students’ 

understanding of diffusion and osmosis.  Both types of instruction lead to similar 

increases on a fixed response instrument, the type of assessment used on most 

standardized tests, but inquiry instruction lead to higher levels of understanding and 

fewer misconceptions on a constructed response instrument, the type of assessment that 

provides a better indicator of students’ abilities to explain scientific phenomena.  

Through small but distinct changes, teachers can modify existing direct instruction 

lessons to make them more inquiry-based and to potentially help students develop a 

better understanding of science concepts.    
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APPENDIX A 

 
Diffusion & Osmosis Diagnostic Test

 

 

Directions:  DO NOT WRITE ON THE ASSESSMENT.  This assessment consists of 12 pairs of 

questions that examine your knowledge of diffusion and osmosis.  Each question has two parts:  a 

multiple choice response followed by a multiple choice reason.  On the answer sheet provided, 

please circle one answer from both the response and reason sections of each question. 

 

1a. Suppose there is a beaker full of clear water and a drop of blue dye is added to the beaker 

 of water.  Eventually the water will turn a light blue color.  The process responsible for 

 blue dye becoming evenly distributed throughout the water is: 

 

a. Osmosis 

b. Diffusion 

c. A reaction between water and dye 

 

1b.  The reason for my answer is because: 

 

a. The lack of a membrane means that osmosis and diffusion cannot occur. 

b. There is movement of particles between regions of different concentrations. 

c. The dye separates into small particles and mixes water. 

d. The water moves from one region to another. 

 

 

2a. During the process of diffusion, particles will generally move from: 

 

a. High to low concentrations 

b. Low to high concentrations 

 

2b. The reason for my answer is because: 

 

a. There are too many particles crowded into one area; therefore, they move to an area 

with more room. 

b. Particles in areas of greater concentration are more likely to bounce toward other 

areas. 

c. The particles tend to move until two areas are isotonic, and then the particles stop 

moving. 

d. There is a greater chance of the particles repelling each other. 

 

 

3a. As the difference in concentration between two areas increases, the rate of diffusion: 

 

a. Decreases 

b. Increases 
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3b. The reason for my answer is because: 

 

a. There is less room for the particles to move. 

b. If the concentration is high enough, the particles will spread less and the rate will be 

slowed. 

c. The molecules want to spread out. 

d. There is a greater likelihood of random motion into other regions. 

 

 

4a. A glucose solution can be made more concentrated by: 

 

a. Adding more water 

b. Adding more glucose 

 

4b. The reason for my answer is because: 

 

a. The more water there is, the more glucose it will take to saturate the solution. 

b. Concentration means the dissolving of something. 

c. It increases the number of dissolved particles. 

d. For a solution to be more concentrated one must add more liquid. 

 

 

5a. If a small amount of sugar is added to a container of water and allowed to set for a very 

 long period of time without stirring, the sugar molecules will: 

 

a. Be more concentrated on the bottom of the container 

b. Be evenly distributed throughout the container 

 

5b. The reason for my answer is because: 

 

a. There is movement of particles from a high to low concentration. 

b. The sugar is heavier than water and will sink. 

c. Sugar dissolves poorly or not at all in water. 

d. There will be more time for settling. 

 

 

6a. Suppose you add a drop of blue dye to a container of clear water and after several hours 

 the entire container turns light blue.  At the time, the molecules of dye: 

 

a. Have stopped moving 

b. Continue to move around randomly 

 

6b. The reason for my answer is because: 

 

a. The entire container is the same color; if they are still moving, the container would be 

different shades of blue. 

b. If the dye molecules stopped, they would settle to the bottom of the container. 

c. Molecules are always moving. 

d. This is a liquid; if it were solid the molecules would stop moving. 
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7a. Suppose there are two large beakers with equal amounts of clear water at two different 

 temperatures.  Next, a drop of green due is added to each beaker of water.  Eventually the 

 water turns light green (see Figure 1).  Which beaker became light green first? 

 

 

 

 

 

 

 

  

 

a. Beaker 1 

b. Beaker 2 

 

7b. The reason for my answer is because: 

 

a. The lower temperature breaks down the dye. 

b. The dye molecules move faster at higher temperatures. 

c. The cold temperature speeds up the molecules. 

d. It helps the molecules to expand. 

 

 

8a. In Figure 2, two columns of water are separated by a membrane through which only 

 water can pass.  Side 1 contains dye and water; side 2 contains pure water.  After 2 hours, 

 the water level in side 1 will be: 

 

 

 

 

  

 

 

 

 

a. Higher  

b. Lower 

c. The same height 

 

8b. The reason for my answer is because: 

 

a. Water will move from hypertonic to hypotonic solution. 

b. The concentration of water molecules is less on side 1. 

c. Water will become isotonic. 

d. Water moves from low to high concentration. 
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9a. In Figure 3, side 1 is [ ] to side 2. 

 

 

 

 

 

 

 

 

 

a. Hypotonic 

b. Hypertonic 

c. Isotonic 

 

9b. The reason for my answer is because: 

 

a. Water is hypertonic to most things. 

b. Isotonic means “the same.” 

c. Water moves from a high to a low concentration. 

d. There are fewer dissolved particles on side 1. 

 

 

10a. Figure 4 is a picture of a plant cell that lives in freshwater.  If this cell were placed in a 

 beaker of 25% saltwater solution, the central vacuole would: 

 

  

 

 

 

 

 

 

 

 

 

 

a. Increase in size 

b. Decrease in size 

c. Remain the same size 

 

10b. The reason for my answer is because: 

 

a. Salt water absorbs the water from the central vacuole. 

b. Water will move from the vacuole to the saltwater solution. 

c. The salt will enter the vacuole. 

d. Salt solution outside the cell cannot effect the vacuole inside the cell. 
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11a. Suppose you killed the plant cell in Figure 4 with poison and placed the dead cell in 25% 

 saltwater solution. 

 

a. Osmosis and diffusion would not occur. 

b. Osmosis and diffusion would continue. 

c. Only diffusion would continue. 

d. Only osmosis would continue. 

 

11b. The reason for my answer is because: 

 

a. The cell would stop functioning. 

b. The cell does not have to be alive. 

c. Osmosis is not random, whereas diffusion is a random process. 

d. Osmosis and diffusion require cell energy. 

 

 

12a. All cell membranes are: 

 

a. Semipermeable 

b. Permeable 

 

12b. The reason for my answer is because: 

 

a. They allow some substances to pass. 

b. They allow some substances to enter, but they prevent any substance from leaving. 

c. The membrane requires nutrients to live. 

d. They allow all nutrients to pass. 
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APPENDIX B 

 

Sequence of Lesson Activities

 

 

Lesson #: 1  

Lesson Topic: Diffusion  

Propositional Knowledge Statements Addressed:  1, 2, 3, 4, 5, 6, 7, 8 

Direct Instruction Inquiry-based Instruction 
 

Launch: 

 Demonstration of diffusion using perfume 

 

Instructional Input: 

 Lecture on diffusion, concentration, kinetic 

motion, and concentration gradient 

 Use Explore Learning Diffusion module to 

help students visualize the movement of 

atoms and molecules during diffusion 

 

Guided Practice: 

 Clicker questions:  Students will answer 

questions about diffusion. 

 

Independent Practice: 

 Students will draw a picture of a time they 

have experienced diffusion and write a 

paragraph explaining their picture.  In their 

explanations, students should use the 

following terms:  diffusion, concentration, 

kinetic motion, and concentration gradient. 

 

Closure: 

 Sharing of pictures 

 

 

Engage: 

 Demonstration of diffusion using perfume 

 Guiding question:  Why does the perfume 

smell gradually spread throughout the 

room? 

 

Explore: 

 Working with a partner, students will 

explore what happens during diffusion by 

manipulating the Explore Learning 

Diffusion module. 

 

Explain: 

 Discussion of diffusion with an emphasis 

on students observations and results from 

the Explore stage 

 

Elaborate: 

 Students will draw a picture of a time that 

they have experienced diffusion and write 

a paragraph explaining their picture.  In 

their explanations, students should use the 

following terms:  diffusion, concentration, 

kinetic motion, and concentration gradient. 

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Student pictures and 

explanations 
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Lesson #: 2 

Lesson Topic: Effect of temperature on rates of diffusion 

Propositional Knowledge Statements Addressed:  9, 10 

Direct Instruction Inquiry-based Instruction 
 

Launch: 

 Demonstration of impact of temperature on 

diffusion using hot and cold water and food 

coloring 

 

Instructional Input: 

 Lecture on impact of temperature on 

diffusion 

 Use Explore Learning Diffusion module to 

help students visualize the movement of 

atoms and molecules during diffusion 

 

Guided Practice: 

 Students will manipulate the Explore 

Learning Diffusion module to show 

different rates of diffusion.  (Temperature 

will be the only variable that they are 

allowed to manipulate.) 

 

Independent Practice: 

 Journal entry:  Your younger sibling is 

confused as to why cookies that have just 

come out of the oven make the whole 

house smell but cookies that are taken out 

of the freezer do not have the same effect.  

Write a journal entry explaining this to 

him/her. 

 

Closure: 

 Sharing of journal entries 

 

 

Engage: 

 Two plates of cookies (one hot and one 

cold) will be displayed at the front of the 

room as students enter.  Ask students what 

they observe.  Which cookies are they 

smelling? 

 Guiding question:  What impact does 

temperature have on the rate of diffusion? 

 

Explore: 

 Working in groups, students will be given 

two beakers:  one with hot water and one 

with cold water.  Students will record their 

observations as dye is added to each 

beaker. 

 

Explain: 

 Discussion of the effect of temperature on 

diffusion rate with an emphasis on students 

observations and results from the Explore 

stage 

 Use Explore Learning Diffusion module to 

help students visualize the movement of 

atoms and molecules during diffusion and 

to guide the explanation of the same 

 

Elaborate: 

 Journal entry:  Your younger sibling is 

confused as to why cookies that have just 

come out of the oven make the whole 

house smell but cookies that are taken out 

of the freezer do not have the same effect.  

Write a journal entry explaining this to 

him/her. 

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Journal entries 
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Lesson #: 3  

Lesson Topic: Effect of concentration on rates of diffusion 

Propositional Knowledge Statements Addressed:  11, 12 

Direct Instruction Inquiry-based Instruction 
 

Launch:   

 Students will brainstorm factors other than 

temperature that might impact rate of 

diffusion. 

 

Instructional Input: 

 Lecture on the impact of concentration on 

diffusion 

 

Guided Practice: 

 Clicker questions on the effect of 

concentration on rates of diffusion 

 

Independent Practice: 

 Concentration Lab:  Students will conduct 

a lab to determine how the concentration of 

food coloring impacts the rate of diffusion 

through agar gel.  (This lab will be in the 

form of a “cookbook”/verification lab 

where students have very specific steps to 

follow.) 

  

Closure: 

 Discussion of lab results 

 

 

Engage: 

 Guiding question:  What impact does 

concentration have on the rate of 

diffusion? 

 

Explore: 

 Concentration Lab - Working in groups, 

students will design and conduct a lab to 

examine how the concentration of food 

coloring impacts the rate of diffusion 

through agar gel.  They will make 

observations and record results during the 

lab. 

 

Explain: 

 Discussion of the effect of concentration 

on diffusion rate with an emphasis on 

students observations and results from the 

Explore stage 

Elaborate: 

 Students will draw and label a picture to 

demonstrate their understanding of the 

Concentration Lab. 

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Student pictures 
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Lesson #: 4 

Lesson Topic: Diffusion through membranes 

Propositional Knowledge Statements Addressed:  13, 21, 22 

Direct Instruction Inquiry-based Instruction 
 

Launch:   

 Demonstration of diffusion of cologne 

through a balloon (The balloon represents a 

membrane.) 

 

Instructional Input: 

 Lecture on semipermeable membranes 

 Use Phet Semipermeable Membranes 

module to help students visualize 

semipermeable membranes 

 

Guided Practice: 

 Cornstarch & Iodine Lab:  Students will 

conduct a lab in which a cornstarch and 

water mixture is placed inside dialysis 

tubing and then submerged in a beaker of 

water that contains a few drops of iodine.  

They will make observations and record 

results during the lab.  After completing 

the lab, they will answer summary 

questions about the lab.  (This lab will be 

in the form of a “cookbook”/verification 

lab where students have very specific steps 

to follow.) 

 

Independent Practice: 

 Journal entry:  Students will draw a picture 

to demonstrate their understanding of the 

Cornstarch & Iodine Lab. 

 

Closure: 

 Sharing of pictures 

 

 

Engage: 

 Demonstration of diffusion of cologne 

through a balloon (The balloon represents a 

membrane.) 

 Guiding question:  What factors determine 

what can and cannot pass through a 

membrane? 

 

Explore: 

 Cornstarch & Iodine Lab:  Working in 

groups, students will design and conduct a 

lab in which they determine whether 

dialysis tubing is permeable to cornstarch, 

iodine, or both.  They will make 

observations and record results during the 

lab.   

 

Explain: 

 Discussion of diffusion through a 

semipermeable membrane with an 

emphasis on students observations and 

results from the Explore stage 

 Use Lab Bench module to help students 

visualize semipermeable membranes and to 

guide the explanation of the same 

 

Elaborate: 

 Journal entry:  Students will draw a picture 

to demonstrate their understanding of the 

Cornstarch & Iodine Lab.   

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Student pictures 
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Lesson #: 5 

Lesson Topic: Osmosis 

Propositional Knowledge Statements Addressed:  14, 15, 16, 17, 18, 19, 20, 21, 22 

Direct Instruction Inquiry-based Instruction 
 

Launch: 

 Show (time-lapsed) video clip of Gummy 

bears that have been soaked in distilled 

water, salt water, and sugar water  

 

Instructional Input: 

 Lecture on osmosis and tonicity 

 Students will create a foldable on 

hypertonic, hypotonic, and isotonic 

solutions. 

 Use Explore Learning Osmosis  module to 

help students visualize osmosis 

 

Guided Practice: 

 Students will manipulate Explore Learning 

Osmosis module to allow for osmosis into 

or out of a cell based on the tonicity of the 

surrounding solution. 

 

Independent practice: 

 Students will draw a picture to 

demonstrate their understanding of the 

Gummy bear video. 

 

Closure: 

 Sharing of pictures 

 

 

Engage: 

 Show (time-lapsed) video clip of Gummy 

bears that have been soaked in distilled 

water, salt water, and sugar water  

 Guiding question:  Why were the Gummy 

bears different sizes after being soaked in 

different solutions? 

 

Explore: 

 Explore Learning Osmosis module:  

Working with a partner, students will play 

around with settings on the module to 

explore osmosis and factors that cause 

water to move into or out of the cell. 

 

Explain: 

 Discussion of diffusion through a 

semipermeable membrane with an 

emphasis on students’ observations and 

results from the Explore stage 

 Working in groups, students will create a 

foldable on hypertonic, hypotonic, and 

isotonic solutions.  Groups will develop 

their own definitions and examples to 

include in the foldables. 

Elaborate: 

 Students will draw a picture and write a 

corresponding description to demonstrate 

their understanding of the Gummy bear 

video. 

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Student pictures 
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Lesson #: 6  

Lesson Topic: Consequences of osmosis in closed systems 

Propositional Knowledge Statements Addressed:  14, 15, 16, 17, 18, 19, 20, 21, 22 

Direct Instruction Inquiry-based Instruction 
 

Launch:   

 Show video clip of (time-lapsed) change in 

water level of U-shaped tube with 

solutions of different concentrations on 

either side of the membrane 

 

Instructional Input: 

 Lecture on osmosis in a closed system; 

emphasize difference between an open and 

closed system 

 Closed System Lab Demonstration:  The 

teacher will pour different solutions into 

either side of a container that is separated 

by a semipermeable membrane. 

 

Guided Practice: 

 Clicker questions:  Students will answer 

questions about osmosis in a closed 

system. 

 

Independent Practice: 

 Journal entry:  Describe what happened 

during the video clip of the U-shaped tube. 

 

Closure: 

 Discussion of journal entries 

 

 

Engage: 

 Show video clip of (time-lapsed) change in 

water level of U-shaped tube with solutions 

of different concentrations on either side of 

the membrane 

 Guiding question:  What causes the water 

levels on each side of the membrane to 

change? 

 

Explore: 

 Closed System Lab:  Students will design 

and conduct a lab in which they put 

different solutions on either side of a 

container separated by a semipermeable 

membrane.  They will make observations 

and record results during the lab. 

 

Explain: 

 Discussion of osmosis in a closed system 

with an emphasis on students’ observations 

and results from the Explore stage 

Elaborate: 

 Journal entry:  Describe what happened 

during the video clip of the U-shaped tube. 

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Journal entries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

169 
  

Lesson #: 7  

Lesson Topic: Turgor pressure in cells 

Propositional Knowledge Statements Addressed:  15, 16, 17, 18, 19, 20, 21, 22 

Direct Instruction Inquiry-based Instruction 
 

Launch:   

 Show student eggs that have been soaked 

in distilled water, salt water, and syrup  

 

Instructional Input: 

 Lecture on osmosis in living cells, include 

both plant and animal cells 

 

Guided Practice: 

 Using cards with the words 

“HYPERTONIC”, “HYPOTONIC”, or 

“ISOTONIC”, students will respond to 

questions displayed on a PowerPoint 

 

Independent Practice: 

 Journal entry:  Students will view pictures 

of red blood cells that have been exposed 

to different solutions and will tell what has 

caused the change in each cell. 

 

Closure: 

 Discussion of red blood cell pictures 

 

 

Engage: 

 Guiding question:  What happens to eggs 

that are soaked in different 

liquids/solutions? 

 

Explore: 

 Working in groups, students will design 

and conduct an experiment to determine 

what happens to decalcified eggs that are 

soaked in different liquids/solutions? 

 

Explain: 

 Discussion of turgor pressure in cells with 

an emphasis on students observations and 

results from the Explore stage 

Elaborate: 

 Students will view pictures of red blood 

cells that have been exposed to different 

solutions and will tell what has caused the 

change in each cell. 

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Student explanations about 

red blood cells 
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Lesson #: 8  

Lesson Topic: Observations of the central vacuole in Elodea 

Propositional Knowledge Statements Addressed:  15, 16, 17, 18, 19, 20, 21, 22 

Direct Instruction Inquiry-based Instruction 
 

Launch:   

 Show students celery or lettuce that has 

been soaked in distilled water or salt water  

 

Instructional Input: 

 Review of osmosis in living cells, include 

both plant and animal cells 

 

Guided Practice: 

 Students will use a microscope to view 

Elodea cells that have been exposed to 

hypertonic and hypotonic solutions.  

Students will be told the type of solution 

was used for soaking each cell.  They will 

sketch and label each cell to describe the 

changes they observe. 

  

Independent Practice: 

 Journal entry:  A local farmer realizes that 

the other farmers have a lot more business 

at the weekly market.  Write a journal 

entry explaining some simple steps that he 

could take to make his vegetables look 

more appealing to potential customers. 

 

Closure: 

 Sharing of journal entries 

 

 

Engage: 

 Show students celery or lettuce that has 

been soaked in distilled water or salt water 

 Guiding question:  What do grocery stores 

do to keep vegetables looking fresh? 

 

Explore: 

 Students will use a microscope to view 

Elodea cells that have been exposed to 

hypertonic and hypotonic solutions.  They 

will not be told during this stage the type of 

solution that was used for soaking each 

cell.  As they view each cell, they will 

record observations about the differences 

between the cells and make predictions 

about the type of solution that was used for 

soaking each cell. 

 

 

Explain: 

 Discussion of turgor pressure in cells with 

an emphasis on students’ observations and 

results from the Explore stage 

 

Elaborate: 

 Journal entry:  A local farmer realizes that 

the other farmers have a lot more business 

at the weekly market.  Write a journal entry 

explaining some simple steps that he could 

take to make his vegetables look more 

appealing to potential customers. 

 

Evaluate: 

 Formative:  Teacher observations 

throughout the lesson and class discussion 

 Summative:  Journal entries 
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APPENDIX C 

 

Open-ended Survey Instrument

 

 

Directions:  Please provide as much detail as possible in responding to the following 

questions about the Diffusion and Osmosis Unit. 

 

1. What were some of the teaching strategies or activities that your teacher used that 

you really liked?  Why did you like these? 

 

2. What were some of the teaching strategies or activities that your teacher used that 

you did not like?  Why didn’t you like these? 

 

3. What teaching strategies or activities really helped you to understand diffusion 

and osmosis? 

 

4. What could have been done differently during this unit to help you better 

understand diffusion and osmosis? 

 

5. What teaching strategies or activities did you find particularly challenging during 

this unit? 
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APPENDIX D 

 

Focus Group Interview Protocol

 

 

The following questions were used to guide the Focus Group Interview sessions: 

 

1. During the unit on Diffusion and Osmosis, your teacher used a type of instruction 

known as (direct or inquiry-based) instruction for each lesson.  How were the 

lessons similar to what you are used to from previous science units or classes? 

 

2. How were the lessons different from what you are used to from previous science 

units or classes? 

 

3. What was most beneficial in the lessons for helping you to understand diffusion 

and osmosis? 

 

4. What was least beneficial for helping you to understand diffusion and osmosis? 

 

5. What could have been done differently to help you better understand diffusion 

and osmosis? 
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