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ABSTRACT 

 

The purpose of this study was to examine whether there is a difference in high school 

students’ achievement and retention on standardized tests between students who participate in 

inquiry-based laboratory activities and those that participate in traditional style laboratory 

activities.  Additionally, student and teacher opinions of inquiry-based activities will be 

examined.  The research questions addressed by this study included the following: 1) will inquiry 

lab activities increase subject matter content knowledge and retention of material for the students 

involved; 2) will there be a difference in higher level thinking skills and subject matter 

knowledge between students participating in the inquiry labs activities and the students 

participating in the traditional lab activities; 3) what are students’ opinions of the activities as 

compared to previous hands on learning experiences; 4) what are teachers' opinions of the 

inquiry activities versus the traditional activities; and 5) how will the results of this research 

compare with the known inquiry-based learning research?  The 166 participants were ninth and 

tenth graders distributed among eight science classes studying biology. Four classes were taught 

using inquiry methods (treatment group, two per teacher) and four classes were taught using 

traditional methods (control group, two per teacher). The results of the current study indicate that 

there is a difference in higher level thinking skills and subject matter knowledge between 

students that participate in inquiry laboratory activities and the students participating in 

traditional lab activities. The treatment group averaged 5.6 points higher on their lab notebook 

grades than the control group. The inquiry lab activities did increase subject matter content 

knowledge and retention of material for the students involved.  For Teacher 1, the treatment 
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group’s improvement was 18.71 points. For Teacher 2, the treatment group’s improvement was 

31.49 points. The combined treatment group’s improvement was 25.42 points. This was 4 to 7 

points higher than the control groups’ improvement.   The students enjoyed the inquiry activities. 

They found them to be fun, challenging and helpful for learning the material. The teachers 

enjoyed teaching the inquiry labs and stated that they will continue to use these activities along 

with other inquiry labs in the future.  
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CHAPTER I: 

INTRODUCTION 

Inquiry learning is an instructional design technique aimed at promoting student 

involvement and exposing students to real world experiences. Inquiry has evolved from the 

constructivist movement of John Dewey where the focus is on the learners and their 

responsibility for learning. Dewey championed students being actively involved in the learning 

process. Hands-on experimental student involvement such as inquiry-based laboratory 

experiences was instrumental to his methodology.  It demands student involvement, cooperation 

and critical thinking. Students learn by their active participation in a project such as a lab that 

may have real world application (Ecker, 1997).   

Inquiry learning can take on several different forms within the classroom setting but the 

key to all the forms are that the student is responsible for their own learning.  Inquiry can be part 

of a Project Based Learning (PBL) activity where the student develops an answer to a question or 

problem. In PBL the student may even propose and develop the project. Most PBL activities are 

long term and in great depth. Problem-based learning is also an inquiry learning activity found in 

the classroom. Problem-based learning increases the students’ analytical skills through the use of 

case studies and scenarios.  Inquiry can also be part of hands-on laboratory experiences where 

the student can research and develop their own questions allowing more depth of learning than 

just the knowing facts.    

Inquiry learning is a blend of multiple instructional methods that generally include 

cooperative student centered learning groups. Research has shown that inquiry does enhance and 
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increase the learning process by improving problem solving skills, planning ability, 

communication proficiency and cooperation among group members (Ball, 2004).  However, little 

research has been located comparing inquiry to more mainstream teaching methods. Inquiry is a 

multifaceted and challenging instructional technique with many benefits to the students involved.  

Do these benefits support the effort to overcoming the challenges and complexities involved in 

using inquiry and can inquiry learning be an answer to improving student’s skills? 

 According to the 2009 National Assessment of Educational Progress (NAEP), less than 

one third of all students in the United States passed the science test with a proficient or above 

score. The proficient rating indicates that the student performed with solid academics through the 

assessment and is considered competent in the subject matter. This overall score can be broken 

down further. Only 34% of fourth-graders, 30% of eighth-graders, and 21% of twelfth-graders 

performed at the proficient or above level (National Center for Education Statistics, 2011). 

Results from the Third International Mathematics and Science Study (TIMSS) were 

similar.  U.S. fourth-graders tested poorly, middle school eighth grade students tested even 

worse, and high school students’ test scores did not even compete with other nations. TIMSS 

tested half a million students in more than 41 countries so is considered a fairly unbiased 

instrument. TIMSS also determined the following about the United States: 

By the time our students are ready to leave high school - ready to enter higher education 

and the labor force - they are doing so badly with science they are significantly weaker 

than their peers in other countries. Our idea of "advanced" is clearly below international 

standards. There appears to be a consistent weakness in our teaching performance in 

physical sciences that becomes magnified over the years. (Gonzales, Williams, Jocelyn, 

Roey, Kastberg, & Brenwald, 2008) 

 

Students in the United States are testing poorly with one of the tests clearly pointing out 

that the reason behind these results can be linked to poor teaching.  Our students are exposed to a 

great variety of concepts but never get the chance to develop them in depth. This 
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underdevelopment is considered a key point in the failing or substandard scores (Partnership for 

21st Century Skills, 2007). Students must be exposed to a deeper level of learning to be able to 

master critical thinking skills such as those addressed on these tests. 

Critical thinking skills take students from basic knowledge and comprehension to the 

application of the knowledge in a new or different useable form. It is application, analysis and 

synthesis.  It is the use of skills such as these that will improve students’ learning and test scores. 

Critical thinking combined with certain personal development training such as technology use 

and proper social behavior have become essential for student success according to the principles 

of 21st century skills. The necessary 21
st
 century skills that students should have were compiled 

from a great depth of research by education, business and industry leaders to provide the students 

of today the proper instructional opportunities to prepare them for their future in the new 21
st
 

century place of work. This compilation is meant to serve as a bridge between the school and the 

workplace. Twenty-first century skills include a strong academic foundation, critical thinking, 

problem solving, teamwork ability and technological proficiency (Partnership for 21st Century 

Skills, 2007). 

Statement of the Problem 

The United States is leading the call for the 21
st
 century skills movement but has fallen   

behind countries such as China, India, South Korea, and Japan in actually making the movement 

a reality.  The United States has focused on equitable access to school technology while these 

other nations have focused on technology literacy along with 21
st
 century skills even 

incorporating these skills into their national curriculum (Manzo, 2009). 

How can we make our high school graduates successful in the world when most U.S. 

students are not learning or being exposed to the skills they need to see them through a 
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productive, competitive adulthood?  The 21
st
 century skills that they need for success include 

global awareness, finance, business, civic and economic literacy, attentiveness to health and 

wellness issues, critical thinking, problem solving skills, creativity and innovation.  High school 

graduates will need to know how to work cooperatively and how to effectively communicate. 

These are all skills that project based learning focuses on improving, yet very few instructors 

embrace this methodology (Partnership for 21
st
 Century Skills, 2006). 

Statement of Purpose 

The purpose of the study was to examine whether there is a difference in high school 

students’ achievement and retention on standardized tests between students who participate in 

inquiry-based laboratory activities and those that participate in traditional style laboratory 

activities.  Additionally, student and teacher opinions of inquiry-based activities were examined.  

Inquiry labs are small projects designed to build skills such as problem solving, planning, 

communication and cooperation among group members’ (i.e., 21
st
 century skills). Traditional 

style labs are designed using step-by-step instruction to verify previously studied material. They 

help students to take abstract thoughts and make them more concrete. The study also examined 

whether inquiry labs can be effective for improving retention in a standards based biology 

curriculum. Technology was used equally in all classes tested. 

Significance of the Problem 

 In 2006, the Wall Street Journal first promoted China as the “new” research and 

development center. Multinational countries started pouring large investment capital into China 

because of its growing number of engineer and IT graduates along with the lower cost of doing 

business (Chen & Dean, 2006).  Since that time China has continued to grow and develop. It has 

gone from a stage one to a stage two in three years as measured by the 2009-2010 Global 
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Competitiveness Report.  During this time it secured a place in the top thirty of all nations for 

research, development and economic growth. At the same time, China was moving up the scale 

the United States fell from the top ranked spot (World Economic Forum, 2010). This shift affects 

employment opportunities for graduates in the United States.  Doomsday pronouncements such 

as this tend to have a negative effect on students in the United States. Instead of being challenged 

to improve many of them become defeated and change careers before graduation (Epstein, 

2006). 

 This career shift along with the research and development relocation can have a great 

effect on the future success of the United States. This problem has even greater issues which 

underline the career changes. On the Program for International Student Assessment (PISA) 

examination, the U.S. ranked 27
th
 out of 39 countries in students’ ability to apply mathematical 

concepts to real world issues (Committee on Prospering in the Global Economy of the 

21st Century, 2007). 

  If we as a nation are to remain competitive in the global market our students must be able 

to use the skills of the 21
st
 century.  In limited research PBL has shown an improvement in these 

skills. Is PBL the answer to making our nation more competitive on the world market? This 

study hoped to answer or to shed some light on this subject.  

Research Questions 

1. Will inquiry lab activities increase subject matter content knowledge and retention of 

material for the students involved? (Measured by Data Director pre- and post-tests) 

2. Will there be a difference in higher level thinking skills and subject matter knowledge 

between students participating in the inquiry labs activities and the students participating 

in the traditional lab activities? (Measured by lab notebook rubric) 
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3. What are students’ opinions of the activities as compared to previous hands on learning 

experiences? 

4.  What are teachers' opinions of the inquiry activities versus the traditional activities? 

5.   How will the results of this research compare with the known inquiry-based learning 

research? 

Theoretical Framework 

Constructivism was the theoretical framework for this study.  Constructivism is a theory 

of learning where learners are actively involved in their own learning. Lev Vygotsky and Jean 

Piaget formed the two schools of thought under constructivism (Piaget, 1954; Vygotsky, 1978). 

Vygotsky stressed the learner discovering information (social constructivism) while Piaget 

focused on the fact that learning happened or was constructed in the mind of the student 

(cognitive constructivism). John Dewey promoted sustained inquiry learning as being the 

foundation of education. The combined theory is student centered with the students’ learning 

being created and controlled by the learners as they participate in hands on experiences or 

projects.   

Assumptions of the Study 

It was assumed that all of the students involved in the study are in high school level 

science. Students were able to read and respond to the activity instructions. Students did their 

best on the quizzes and activities as well as being honest throughout the study. It was also 

assumed that the teachers involved would maintain proper security of the documents and 

properly monitor the students throughout the study. 
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Limitations of the Study 

The study was limited by the school’s new seven period day and the teacher/students’ 

adjustment to the schedule and limited class/lab time. It was also limited to those classes that will 

be studying biology as freshman or sophomores.  It was limited in numbers to those students 

taking these classes and to the two teachers willing to assist with the study. The study is only 

generalizable to the same type of participants and setting. Some students may have learning 

styles (visual, auditory, tactile, etc.) that do not lend themselves to inquiry learning which could 

affect the results of the study.  

Operational Definition of Terms 

Constructivism – instructional methodology developed by John Dewey where the focus 

of the learning is student centered. The student is actively involved in learning such as inquiry 

science labs. 

Control Group – The group using traditional methods as a base for comparison. 

Cooperative learning skills – students learn to work together as a group or team. This 

helps students to develop leadership, collaboration skills and teamwork.  

Hands-on – lessons/learning where the student is actively participating (i.e., 

touching/using the material). 

Higher order thinking skills – those skills from Bloom’s taxonomy that require critical 

thinking and application rather than memorization of material. 

Inquiry – a student centered learning investigation in which the student can design part or 

all of the study. Inquiry can be structured - in this form the student is given the questions and 

they have to support their answers with evidence. Inquiry can be guided - which gives the 

students the question and allows them to develop the procedure or methodology to test an answer 
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to the question or gives the students choices to test.  Finally, inquiry can be open-ended inquiry 

often called pure inquiry. In this the student develops the question, procedure and the test. 

Lecture – teacher led instruction that is primarily the teacher talking while the students 

listen. 

PBL – Project Based Learning, a learning style where the student actively participates in 

a project designed for student mastery of a skill or knowledge, normally long-term and inquiry 

based. 

Problem-based learning – a learning activity that involves the student in analysis of case 

studies and scenarios. Uses higher order thinking skills and is usually short term. 

Traditional – a learning investigation that is conducted step by step. In this type of 

activity the student follows the directions and answers the directed questions. 

Treatment Group – the group using the inquiry lab methods.  

Twenty-first century style schools – schools that have embraced not only up to date 

technology use in the classroom but also promote learning a variety of marketable skills such as 

cooperative team work and technical communication. 

Summary 

Chapter I introduces and provides an overview of the study. It includes the problem and 

its significance along with the purpose and hypotheses related to the study.  Chapter II provides 

the background research for the study. Topics researched include the definition of inquiry-based 

learning and PBL; 21
st
 century skills; their importance and relationship to inquiry; and the role of 

inquiry-based hands-on learning and PBL in education and research that has been conducted on 

inquiry-based hands-on learning and PBL. Chapter III describes the methodology to be used in 

the study. This includes the setting for the study, participants, data collection, instrumentation 
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and analysis.  Chapter IV provides the data and results of the study. This includes the 

quantitative and statistical information as well as the qualitative and observational data. Chapter 

V provides the interpretations and conclusions of the study including applications and future 

research opportunities.   
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CHAPTER II: 

REVIEW OF THE LITERATURE 

Introduction 

Inquiry-based hands-on learning is not a new educational topic but is one that is being 

highly promoted with the new 21
st
 century style schools and sponsors like Bill and Melinda 

Gates. It is hypothesized that instruction that is inquiry based or that has real life applications 

such as project based learning (PBL) increases higher order learning and retention of material in 

the students involved.  

This review of literature will look into three areas of inquiry-based, hands-on learning 

and Project Based Learning (PBL). First, it will review the definition of inquiry-based, hands-on 

learning and PBL, and it will also provide information on how they can be implemented. This 

examination will also include a review of 21
st
 century skills and their importance and 

relationship to inquiry.  Next the role of inquiry-based, hands-on learning and PBL in education 

will be investigated. These tools have been used by many educators in many schools, knowing 

the impact that these methods have had is vital to this analysis. Finally, this review will study 

research on inquiry-based, hands-on learning and PBL examining the findings and ramifications 

of these studies and how their findings can be used or expanded in this exploration. 

Definition and Implementation of Inquiry-Based, Hands-On Learning and PBL 

 The National Science Teachers Association (2004) defines scientific inquiry and its 

relationship to how students can learn through activities. It stresses that students learn through 

questioning and that this questioning forms and creates the desire for further study and 
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investigation. The association recommends the use of inquiry for grades K-16. They believe that 

its use will develop a deeper understanding of science. 

 The association also declares its expectations for teachers and the teacher’s relationship 

to the students in implementing this learning tool. It stresses that having enough time and 

appropriate resources will improve the results from the lessons. It stresses that the teacher guide 

the students use of appropriate equipment and data collection. The association also stresses the 

use of logic in analyzing collected data.      

The National Institute of Health (2005) gives a brief history on the development of 

inquiry learning including Dewey’s influence on the use of thinking and its relationship to 

teaching science and Schwab’s view that science should be a flexible process of inquiry. The 

NIH then describes how Sputnik increased the awareness and need for science education. The 

space race was on and the need for an updated curriculum was apparent. The enthusiasm was 

sidetracked but the idea that inquiry learning promotes student learning was born and continues 

still.  

NIH stresses that understanding science is more than just a collection of facts.  It also 

states that students perform better when the curriculum has greater depth and less breadth. The 

NIH then covers common misconceptions on inquiry-based learning. Some of these 

misconceptions are that inquiry is the application of the scientific method, that inquiry based 

learning must have the students generate all questions, and student interest ensures that learning 

is occurring. 

The authors conclude using examples of an inquiry investigation that uses role playing. 

This investigation has guided questions to keep the students on task and directed towards the 

specific information the students need to learn in this lesson. 
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Solomon’s Project –Based Learning: A Primer (2003) could be the promotional tag for 

Project Based Learning (PBL).  The article gave a brief synopsis on what PBL is and what a 

typical PBL classroom would look like.  It stressed that learning occurs through experiences and 

that along the way students pick up concepts such as advanced math and engineering as a 

byproduct of the project.  It states that PBL also raises awareness taking the learning to the next 

level.  As everything today involves going global, instilling students with the innate ability to 

think on this level will make these learners more competitive in the future. 

 Solomon stresses that technology has a natural role in PBL. Use of such tools as 

spreadsheets, databases, forums and e-mail facilitates record keeping and increasing 

communication skills.  Keeping things organized via these methods also makes publishing a web 

page simple. Solomon concludes that implementing PBL can be a challenge and that getting a 

commitment from the school to support the undertaking would be a great benefit.  Solomon’s 

article has an interactive website that has great advice and resources for teachers interested in 

implementing PBL.    

San Mateo County Office of Education (2001) provides an interactive how-to guide for 

the novice PBL user.  It also gives background documentation on what PBL is as well as giving 

teachers, schools and administrators tools to work with to implement this type of learning into 

the classroom.  It talks about the collaboration of the students and the real world connection that 

students involved in such a program receive. 

 The guide takes the teacher through PBL assessments and how to use these assessments 

to make a project better. It shows ways that the teacher can use assessments as a method of 

documenting student progress (i.e., portfolios, videotapes).  It gives examples of classrooms 

using this method of learning as well as some examples of PBL projects that have been 
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developed, tested, and are ready for implementation. This web-based article has interactive 

tutorials and a host of further resources.  It is a PBL one-stop how to zone.  Finally, it requests 

feedback from teachers that use the curriculum or from those that need additional help or advice.   

  These two articles make the effort of implementing PBL a lot easier. One of the 

common threads throughout these articles on project-based learning was that for those who have 

taken the leap into this type of instruction there is no going back.  Student learning and 

involvement in their learning as well as their academic improvement validates the planning and 

extra upfront or pre–project work investment by the educator. The long-term study results give 

educators who want to implement this type of teaching into their classroom proof that these 

methods work and give credibility to presentations to their administration.  The long-term studies 

also give a school administration meat when presenting school reform in the form of PBL to their 

faculty and staff. 

Wilhelm (2007) outlined five ways to better implement inquiry and PBL.  First, teach so 

it matters to the teacher and to the student.  If it is relevant, learning is more exciting.  Second, 

find out what the students already know, then build on their knowledge. This is a great way to 

dispel any misconceptions the students may have on a topic as well as giving them an 

opportunity to teach each other. Third, show, do not tell. Students retain more information when 

they do, so teach through doing. Fourth, become a guide or collaborator and take them through 

the learning process while letting them give the answers. Fifth, teach for understanding by using 

guided questions and discussions. Wilhelm also provides some sample lessons to start projects or 

inquiry learning.  
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Petrosino (1998) conducted a thorough background investigation on project-based 

instruction, learning, and application.  Petrosino set the framework for PBL stressing that though 

it is inquiry learning, it is also cooperative learning. He stressed that there must be meaning to 

the project and that on completion of the project there will be a product or multiple artifacts to 

show for the time and effort of the project. Petrosino described problems with PBL as well as 

provided a “how to guide” for PBL.  The strategies and sample projects shown along with the 

common questions and answers are quite helpful to anyone trying or expanding their use of PBL.  

In Technology and Education Reform: Technical Research Report (author, 1995), it was 

stressed that the use of technology when using PBL. The article stated that the use of technology 

is a natural supporter of projects giving the overall project more of a “real–life” quality. The 

article then goes on to explain several projects showing how technology could be interwoven 

with projects, making them more valuable to the learners. It also detailed how to structure time 

management of a project as well as the changing role of the teacher when using PBL.  The article 

stressed student collaboration or teamwork. In general this article gave a 21
st
 century skills and 

technology overview of what a teacher using PBL should do and expect to have success and 

greater learning achieved through the process. 

Northwest Education Magazine (author, 2001) presents an interview with Helena Fagan, 

an expert on PBL. In the interview, Fagan stressed that the excitement about doing PBL is 

contagious because the students are engaged. She also stressed that PBL is a lot of work for the 

teacher if implemented correctly. The teacher must be interacting with the students as they are 

working on their projects. Fagan designed her projects backwards looking at the questions, what 

do they need to know and how will the project be assessed? From these questions she filled in 

the necessary details of the project. Fagan presented a template for designing projects that she 
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recommends. The template included how to identify results, what are acceptable evidences, and 

how to plan the learning experiences and instruction. Due to the interview nature of the article, 

many questions that those new to PBL often ask were addressed and worked through with 

examples and helpful hints.  

Goleman and Lucas (2007) looked at PBL as a way to enhance the education process. 

The authors documented an interview between a noted psychologist and celebrated filmmaker 

and described how education can be made exciting and motivational using PBL as the process. 

During the interview, the authors discussed how important computer skills, one-on-one 

communication, and collaboration are making a project work. They also stressed that teachers 

need to be trained and prepared to follow the PBL model.  

DeFillippi (2001) gave a detailed account of the definition of PBL; all of the tenets 

behind it including that the learner is actively involved doing action research, creating 

hypotheses, dispelling assumptions, working collaboratively and reflecting on outcomes. 

DeFillippi showed how these ideas could be taken from the schoolhouse and implemented into 

business processes. Since PBL helps to build leadership and promotes interdepartmental or inter 

group work, it could be the perfect business tool, shifting focus from a quantity-driven enterprise 

to a quality-driven work place. PBL also focuses on longer-term retention and that the learning is 

important. All of these factors would promote a business that was outcome focused and team 

based. Businesses that use a team-based focus tend to have a higher morale among their workers 

as the workers align their goals to the team rather than the individual.  

Page (2006) gave those new to PBL as well as those looking to pump up their program a 

variety of tools to work with in his examination of PBL tools. Page has given practical ways of 

implementing PBL along with ways of pairing it with standards-driven assessment and 
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assessment alignment to curriculum. He provided checklists to keep both instructors and learners 

focused. These checklists assist the instructor in planning the activity and keep the students 

working on the task. Other tools provided in the article show how to incorporate high tech 

equipment into projects such as the use of smart boards, digital cameras, videos and even 

microscopes. Page described the restructuring of the classroom into a more workplace like 

environment and how projects can be designed to put students into the workplace. These ideas 

make transitions for students easier and make these students more prepared for real life. Page 

also discussed the logic and theory behind PBL and gave links to many of the well-established 

projects that teachers and students can join and participate in.  

21
st
 Century Skills and PBL 

21
st
 century skills and their importance for student success have become the underpinning 

for the Partnership for 21
st
 Century Skills Foundation. The Partnership for 21

st
 Century Skills 

Foundation (2007) reviewed and updated their framework of skills needed by students entering 

the workplace. Their main focus in their update was that schools still have not changed and that 

students are not equipped to enter the workplace. Education has not focused on the changes that 

our increase in available technology has made in students. Students are much more connected to 

their peers than in previous generations. Through the use of computers, cell phones and other 

media devices, students can work smarter and at a higher level if they have the skills to do so.  

The framework offered by the partnership outlines the way a school can help its students to 

become smarter using 21
st
 Century Skills.  

 These skills include knowledge in the basic core subjects. This knowledge should be 

deeper rather than wide. Depth of subject matter is emphasized over breadth, and then students 

are to take this knowledge and apply it outside of the classroom. One suggestion on application 
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is through the use of projects. Students learn and retain more when they find real life application 

for the material they are studying. The partnership believes that the projects should be 

interdisciplinary and have topics relevant to modern life. The projects will assist students to 

develop critical thinking and problem solving skills, improve their communication skills, and 

help them to work better in a group plus facilitate them to be more creative or innovative. The 

partnership goes on to explain why each of these skills is so important for students to know 

before entering the workplace and how disadvantaged they are when they do not have these 

skills. They conclude with a comparison of the facts concerning how a change in thinking will 

produce a better-educated student, one with a 21
st
-century education.      

  Partnership for 21
st
 Century Skills Foundation (2008) in their resource and policy guide 

reinforce the need for 21
st
-century skills with a review of data on the economy, job trends, skills 

needed for employment, and the achievement gap demographically between students within the 

United States and comparing these students to others worldwide. The partnership then lists what 

skills are needed for students to show growth and improvement. These skills are the same ones 

discussed in the previous article. The partnership goes further in this guide by instructing how to 

change federal and state policy on education in order to prepare tomorrow’s citizens to be 

equipped for the world they will find themselves living.  

Verizon Foundation Thinkfinity (2010) stressed the need for students to know the three 

R’s (reading, writing, and arithmetic) along with the four C’s (critical thinking and problem 

solving, communication, collaboration, and creativity and innovation). The foundation provided 

lesson plans and activities for teachers to use along with interactive games and homework help 

for students. The foundation also aligned their resources to state and national standards and links 
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to educational video lessons and professional development webinars. This is an ideal place to 

learn more about teaching, using and implementing 21
st
-century skills into the classroom.   

Inquiry-Based Hands-On Learning and PBL in Education 

The Academy of Science of South Africa (2011) established policy for the 

implementation of Inquiry-Based Science Education (IBSE) in the majority of the countries on 

the continent of Africa. This policy was put in place to increase interest in the subjects of 

science, technology, engineering and mathematics (STEM). It was put in place particularly to 

involve girls. Girls in sub-Saharan Africa are under-represented in STEM fields. The Academy 

believes that using IBSE would help to change attitudes towards science and increase 

involvement in further study or advanced learning. 

The authors expressed the challenges of using IBSE both for the teacher and the school 

system. They also shared success stories of where it has been used and what happens when it is 

used successfully. France and Australia have both established this program. In France, practical 

science usage in the classroom increased form 3% to 35%.   

The authors also explained the differences between inquiry and traditional style of 

learning. These differences include the role change for the teacher from information giver to 

learning facilitator. Also IBSE is learner centered while traditional is teacher centered.  ISBE 

promotes the use of cooperative learning skills along with developing linguistic and cognitive 

skills. 

Ash, Greene, and Austin (2000) compiled the work of six teachers that use inquiry 

learning in their classrooms. These six teachers taught six different grade levels and used inquiry 

primarily for science instruction. These teachers used inquiry lessons to make their lessons more 
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effective. These teachers shared their experiences using inquiry including the responses of their 

peers and how they have become the leaders of their school in this form of instruction. 

The kindergarten teacher explained how she used inquiry to teach about colors and light. 

She stated that providing the students with the tools and showing them how to use them can 

foster their desire to question and communicate. The first grade teacher used a series of mini 

lessons where each one builds on the lesson before. She advised to build in time following the 

activity for students to continue using the tools as they see fit. This creative learning outlet often 

leads to deeper understanding. All of the teachers stressed the use of questioning and that the 

teacher must be creative when they question the students. Through the inquiry lessons the 

students are learning to form questions on their own as well.  

The Partnership for 21st Century Skills (2006) authors dealt with the need to revamp 

today’s high schools. The collection of skills that students are receiving in most high schools 

today are not enough to see them through a productive adulthood.  They have not been taught 

such things as critical thinking or communication skills and are especially lacking in technical 

communication skills. Therefore, to make our graduates competitive in a world market our high 

schools must be retooled. 

The retooling must increase the performance of underachievers as well as raising the bar 

for all students. The raised bar needs to include 21
st
-century topics such as global awareness, 

finance, business, civic and economic literacy, and health and wellness issues. It also needs to 

include critical thinking, problem solving skills, creativity and innovation.  The graduates will 

need to know how to work as a team and how to communicate well. 

The authors suggested additional training of teachers as well as establishing partnerships 

or mentorships with local businesses to improve individual high schools. Real world work or 
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intern experiences would also help to grow the students, for example a co-op class or an after 

school job.  If we do not accept the challenge to rework our high schools then our students and 

ultimately the United States will fall behind the rest of the world. 

 Sherman (2002) challenged educators to maintain a young child’s thirst for knowledge 

and discovery throughout all formal education.  Sherman stressed that ideas need to be explored 

and that projects can engage students and capture their attention. Projects also help to connect 

discreet pieces of information leading to deeper retention and higher order thinking. Sherman 

questioned but does not test whether project learning covers the required material for students 

required to take standardized tests.  Sherman stated this is where the teacher is crucial. The 

teacher must recognize a shortcoming in the project and mitigate it so that the students’ learning 

is not affected negatively.  

 Hord (1997) built on the idea of teachers needing a partnership particularly one in their 

work place. Hord agreed with the Partnership for 21st Century Skills (2006) article. Both support 

the need for the establishment of a professional learning community (i.e., a collaboration of all 

school staff members committed to a shared vision of improving students learning).  Hord stated 

that those who were active members of a learning community benefitted from networking, 

sharing successful practices, getting help when needed and much more.  This view was further 

supported by Boss and Krauss (2007), who stated that for innovative teachers (such as those 

implementing PBL) having extra support gave them the encouragement to try new ideas or to 

persevere in a tough situation.  Accordingly they often found that when innovative teachers did 

not find such a community in their school they left to join another school that had such a support 

network.   
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 Boss and Krauss (2007) have recommended having a professional learning community in 

each school as such communities become committed to the goals and mission of the school, and 

students in schools that have such communities have greater academic gains, as well as lower 

absenteeism and dropout rates.  School leadership is the key to the establishment of such learning 

communities with the principal as a supporter being essential.  With such positive results, 

schools should desire the development of a professional learning community.  

McGrath (2003) also recommended the fostering of learning communities and stresses 

that these communities do not just happen. According to the Fostering a Community of Learners 

group founded by Ann Brown and colleagues, there are five critical pieces to establishing a 

learning community. First, there must be active purposeful learning: the teacher/mentor should 

assist the students with project designs and make sure that student reflection is included in the 

design. Second, the learning setting must pay attention to multiple zones of proximal 

development to include the necessary tools for the students to learn or to proceed with the 

project. Third, difference should be legitimized – diversity of knowledge is desirable. Fourth, a 

community of discourse should be established including ways to discuss ideas and set goals and 

finally become a community of practice. In a community of practice the members depend on one 

another and are responsible to the group.  

McGrath (2003) began the article as a response to Minnesota’s Zoo School that had 

students working in businesslike cubicles complete with the latest technology and other 

resources seldom available to schools. She concluded her article with the response that having all 

of the technology may not be the best answer. She stressed that limited technology forces more 

group work, collaboration and interaction. Less in this case might actually produce more. 
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Boss and Krauss (2007) also recommend the use of many technological tools when 

implementing PBL. They examined the use of wikis, blogs, and web pages as both artifacts that 

support the project or that the building of them can actually be the project. They also stressed 

sharing project ideas with other educators and even using educational networks for students to 

work on projects together from a great distance.  

Bill and Melinda Gates through their foundation have been working globally to improve 

the education experiences of children, especially those in underprivileged areas. Instead of 

establishing a learning community within a school, one of their projects through their foundation 

is the establishment of high tech schools.  In these high tech schools the curriculum is project 

based and each student has his or her own individualized learning plan.   

 According to the Bill and Melinda Gates Foundation (2008), student achievement is the 

focus of these high tech high schools. In the original High Tech High, 90% of sophomores 

already passed their graduation exam and all 2007 graduates of this school were admitted to 

college.  Learning at High Tech High does not just occur in the classroom, students must intern 

for 100 hours at an approved high tech industry site.  Students create many digital products 

including a portfolio and they are assessed by their performance as well as their test scores. 

Seven of these high tech highs are already in place and functioning with the Gates’ Foundation 

planning to build one new high school and one middle school annually across the United States.  

  Ellis (2007) has stepped away from the long-term PBL implementation and takes a look 

at an award-winning program established at Auburn University’s Early Education Center. Ellis 

stated that as children naturally play and learn through play, this program started kindergartners 

off on the right path with this PBL curriculum.  
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 Having this program centered at the university makes a lot of innovative and expensive 

technology available to the classes, for example, an interactive whiteboard and large-scale 

projection screens. This technology is similar to the technology used by Partnership for 21st 

Century Skills, the Bill and Melinda Gates Foundation and the Co-nect schools. The teachers are 

excited about the program and this excitement easily overflows to their students.  These teachers 

want to challenge others to integrate PBL into their curriculum.  They said they were teaching 

the required curriculum, just in a new and innovative way.  If children are going to make 

progress they need to be involved in learning.  This program may not follow completely the old 

kismet (keep it simple make it fun) principle but it comes close if you are not a technophobe.  

Yeung (2008) stated that PBL teachers agree that they would never return to “normal” 

teaching. Their biggest concern, however, is whether their students will measure up on 

standardized tests. The projects will normally incorporate the state course of study but meeting 

individual standards aimed at by testing may not be stressed enough for student retention. 

Yeung also addressed many teachers’ fears pre-PBL such as whether the students will 

cooperate, how much time this will demand in planning, and how the project will be graded. 

Yeung also stressed the value of PBL such as the empowerment of the students over their own 

learning.  

Like the previous research, the school/faculty/staff/community are encouraged to buy in 

to PBL as well as the establishment of interactive faculty sessions or team meetings where PBL 

was incorporated. PBL fosters collaborative learning – so it would only be proper that such 

collaboration went on in the support of such a program development. 

 Bradford (2005) addressed increasing student motivation as a reason for implementing 

PBL based community service. The projects are authentic service projects that use up-to-date 
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digital tools and involve a high level of teamwork and problem solving skills. Since the projects 

were real, relevant and useful the students were much more motivated to actively participate in 

them. Even on completion of some of the projects the students continued to work and tweak 

them to take them to the next level. Students gain important life and technology skills with these 

projects. The students benefited as did their communities.  

Research on Inquiry-Based, Hands-On Learning and PBL 

 Harlen (2004) looked at and evaluates inquiry learning from its design and 

implementation to problems and obstacles in establishing an inquiry-learning program. Harlen 

also looked at student progress using inquiry lessons. Harlen started out defining inquiry and 

explaining the roles of the teacher and students during an inquiry activity. He also explains the 

relationship of this style of learning to the work of psychologists that have studied brain function. 

 Some of the obstacles that Harlen found in implementing inquiry-based programs 

included the time involved in developing lessons, district policies and the need for success on 

certain tests. The need for student collaboration and event parent interference can enhance or 

cause problems with inquiry-based learning. 

 Harlen looked at several inquiry evaluation studies including one done in 1997 on 787 

schools and 4903 teachers. The study looked at the amount of time inquiry was used in the 

classroom.  The study found that in order for inquiry to be used more frequently the teacher 

needed to have at least 80 hours of professional development studying and using inquiry. 

Another study looked at the use of online lessons using inquiry. While the main focus of the 

study was a comparison of online lessons compared to face to face, the side benefit was that 

inquiry learning increased in the classroom of the participants.  Harlen summarized his findings 

on the testing stating that it takes time and PD for a teacher to implement inquiry. It also takes 
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time for students to have a significant change or measureable outcome when using inquiry 

lessons.  

Edutopia Staff (2001) discussed the results of several long-range studies on project-based 

learning (PBL) programs.  The studies found that PBL lowered absenteeism, improved 

cooperative learning skills, and improved test scores. Many of the studies found that students 

improved in areas not officially covered by the project.   Achievement improvements were such 

that one group’s average test score went from the 39
th
 to the 80

th
 percentile. Another group 

outperformed the control group by 26%.  The numbers showed improvement across the board 

when project based learning was part of the curriculum. A review comment to this article was 

posted from a teacher at Briarwood Christian High School of Alabama about the impact of the 

BEST Robotics project on his students.  He stated that this method of instruction (PBL) is the 

best way to teach kids real science and math in the world today.   

 Honey and Henriquez (1996) conducted a similar study in which they reviewed a long-

term school district improvement plan where project based learning rigorous writing and 

technology were incorporated into the curriculum to improve student achievement.  The project 

was established in three phases during a five-year window with the goal being to dramatically 

improve education. At the time the project was established this school district was failing the 

state ratings in 40 of the 52 graded areas. After implementation of this plan the students were out 

performing similar districts by an average of 27%. Their reading scores improved 53.6%, writing 

42.9% and math 29%. 

 Schools in this district also saw that implementing technology in the classroom affected 

improvements as well.  At the end of the first year of implementation, the school improvement 

plan of the school that received the technology equipment and training had the only students in 
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the district to pass the Early Warning Test. By the end of the third year, with the rest of the 

district now showing improvement, the school that started first with technology was still 

outperforming their peers. 

This study showed that project based learning with technology use go hand and hand to 

improve student performance as proposed by both the Partnership for 21st Century Skills and the 

Bill and Melinda Gates Foundation.  It would be wise to note here, though, that the school 

faculty and parents were trained and motivated to be part of the learning team for their students. 

This article supports the need for support communities especially when change in the education 

process is made.  

 Ross and Lowther (2003) reviewed a long-term school district study of inner city schools. 

In this study, five test schools were matched in performance and improvement to four non-test 

schools. This study follows the implementation of the Co-nect whole school reform program.  

Co-nect stresses the use of project-based learning, technology use, professional development and 

family and community involvement.  In this study, 3 of the 5 schools showed positive progress 

compared to the non Co-nect schools, however, two did not show this same progress. 

 As a whole the Co-nect schools had improved school climate, more PBL and more 

student use of technology. Teachers using Co-nect were positive about the training they had 

received but felt the support from Co-nect was lacking when the concept was put into practice.  

The Co-nect schools with the lower progress felt that using standardized tests to measure a 

program that was project based was not a fair evaluation.  Though this program was not a total 

success the school system felt that the positive inputs of Co-nect were worth implementing but 

with modifications based on the schools to be serviced.  
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  Mergendolle, Maxwell, and Bellisimo (2006) also reviewed a PBL test. This test of PBL 

took place in a high school setting using a macroeconomics course as the curriculum being 

revised. The study observed differences between traditional lecture-based learning of 

macroeconomics and PBL macroeconomics.  In the study, 346 twelfth grade students 

participated from four different high schools.  Each high school had a teacher that taught one 

class using the traditional lecture method and the other class using the PBL method. 

 Results of the test found that PBL classes gained 4% more in their raw scores than the 

traditional classes.  Those students in the PBL class who had lower verbal or communication 

skills increased their raw scores on tests 6 - 7%.  Though this test had many positive results the 

researchers believed that longer in-depth study was needed. They also added that an 

observational study documenting what exactly was going on in the PBL classroom would help in 

evaluating which part of the PBL instruction was the most valuable.  

Bell (2004) had findings similar to Mergendoller, Maxwell, and Bellisimo (2006). These 

findings came from research on the St. Charles Parish Public School’s alternative program in 

Louisiana. This program places the students in mixed ability levels. Teachers model what they 

preach – they have become lifelong learners by attending professional development weekly. 

They also collaborate with and support each other as suggested by Boss and Krauss (2007), Hord 

(1997), and Partnership for 21st Century Skills (2006). 

The Louisiana alternative program uses PBL to spark student interest as well as to expose 

the students to real life experiences. Computer usage enhances students’ learning as they 

research background material for their projects. The project-based program is paying off as 

students have improved their scores on the Louisiana Educational Assessment Program. In the 

past five years, language arts improved by 13.9% while math scores rose 32.8%. This 



 

 28 

improvement was even greater than the improvement noted by Mergendoller, Maxwell, and 

Bellisimo (2006) and Ross and Lowther (2003).  

Keegan and Turner (2001) studied nineteen European companies from a variety of 

industries, many of them internationally rated that were using PBL to achieve change or to 

prepare their company to be more competitive in the future. They looked at the learning teams 

and their effect on the overall organizational learning. This study was geared to look at the whole 

company rather than individual improvement. Forty-four interviews with management level 

employees were conducted. These interviews were confidential and open-ended and as the 

analysis of initial interviews found certain trends, the researchers expanded their study questions 

to include these findings.   

The researchers found that many of the companies exploited the innovations that came 

out of the projects and did not take the time to explore other possibilities or to reflect on the 

developments. They found that some of the firms were very conservative towards new ideas – 

engineering and construction – while others embraced change readily – finance, computer 

technology and telecommunication. Innovation and risk taking were often in a battle against 

efficiency and company goal alignment. Often there were too many projects going on at the same 

time.  

Some companies had a selection process in place for what projects to promote. These 

companies would have milestone evaluations as well. The continuation of the project would be 

decided based on these reviews. So the projects, in order to continue, had to be saleable. 

Knowledge retention from the projects was a critical factor and included such items as lessons 

learned databases, project reviews, training programs and documentation of the project. 
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Most projects proceeded along company guidelines with little innovation. If there was 

deviation from the predicted path, the manager could determine whether this deviation was 

worthwhile or not. This could be a problem if the manager had limited vision. Large companies 

instituted centers of excellence to record policy changes and to aid dissemination of learning. 

Many of the interviewees were unsatisfied with the PBL process that their company had 

instituted. Their discontent was due to a lack of time to review and reflect during and following 

each project. Time pressure was one of the obstacles that the researchers found to be a big factor 

working against the PBL that these companies had established. They did not build in time for 

reflection or data update. Without these, similar problems occurred in different projects. 

Employees began informal networks within the company to transfer information between 

projects. These informal networks would prevent similar errors from happening in parallel 

projects. 

Another obstruction to PBL was the centralization of the projects. A manager was the 

authority over most aspects of a project. This type of micromanagement could lead to a loss of 

insight and innovation. The final obstruction was differing learning until after the fact. They 

found that when too long of a time went between identification and approval, dissemination of 

learning was lost.  The researchers concluded that when quantity is stressed over quality, the 

transfer of leaning decreases. This study shows that when PBL is not inquiry based, the learning 

is limited. 

Poell, Yorks, and Marsick (2009) compared two learning studies that used two different 

PBL methods in two different organizational structures. The study was to examine the strengths 

and weaknesses of both programs to increase reflexivity between the researchers and programs, 

giving both the chance to improve their individual studies and the companies they represented. In 
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comparison both studies could be defined by three phases: an orientation phase, a learning and 

optimizing phase and a continuation phase. The study compared an actor centered learning 

process at a Dutch health care facility that focused on premature infants to a cocoa company in 

the United States that was revising its leadership culture using action reflection methods. Actor 

centered learning had persons from the organization playing parts to help promote the desired 

learning while action reflection methods have the individual go through an experience, then they 

think and draw conclusions based on that experience.  This reflection can then be used to handle 

similar future situations. 

Each team reviewed data from the other, examining the strengths and weaknesses of each 

program. Through this multiyear, cross cultural study they found that the actor based Netherland 

study had greater individual learning since it was geared to a specific task but did not change the 

whole organization while the U.S. cocoa company changed the management structure of the 

whole company. There were many weaknesses to the study because of the differences in 

comparing two different companies that had quite different incentives for improvement. The 

language/translation barrier also proved to be an issue for the researchers. The main strength of 

the study was the improved reflexivity and learning of the researchers, the opportunity for future 

cross cultural studies and doing a comparison that had only been done in a limited amount 

before.  

The study by Scarbrough, Bresnen, Edelman, Newell, and Swan (2004) investigated the 

use of two of the PBL standards, absorption and reflection. This qualitative investigation looked 

at the use of PBL in industry as a method to change the knowledge base of a wide spread 

organization. The basis for the use of PBL was that during a project, the learning taking place is 

abundant but disseminating the learned knowledge is difficult and limited. The researchers 
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wanted to know if using these PBL practices could improve the knowledge distribution or if the 

limited transfer of knowledge could be a preexisting factor caused by personality. 

This study took place in the United Kingdom’s water industry. The researchers wanted to 

use a representative group that was working on important projects. The first part of the study 

focused on absorption, which is the ability to recognize the value of new information. This 

information is then assimilated, applied and related to the prior knowledge of the group. The 

second phase looked at using reflection as a group. This included collaborative discussions, 

debriefing sessions and evaluations on progress. They found that there were long-term benefits to 

the reflective sharing. These findings were revealed through interviews of fourteen people during 

a three-month period. The interviewees were handpicked as to being core members of the project 

team. They represented three different projects that were separate but linked toward the same 

objective. The groups had different results in dealing with certain aspects of the project.  For 

example, group A found that using prior knowledge was a help in the beginning but a hindrance 

as the project further developed. In groups B and C, the use of prior knowledge improved the 

groups’ results over time. One of the most important outcomes of the projects was that when the 

common goals of the group were the focal point, the shared gain became important to all linking 

stimulated learning and the retention of knowledge. They also found that diversity was an asset 

to the project.  

This was a limited study using a small number of projects and interviewing only a small 

sample size. The restricting aspect of the project caused an increase in tension between different 

management levels. The outcome showed that the individuals benefited more than the overall 

company. This study supports increased individual learning. 
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Ravitz (2009) summarized thirty years of PBL research and results including results on 

standardized tests.  For those unsure of PBL’s effectiveness on standardized tests the results are 

still undefined according to Ravitz. Some tests show student improvement of scores when PBL is 

used while others show traditional learning scored better. Other assessment methods clearly 

support PBL, however, these assessments may not appear on a transcript.  

Ravitz goes on to state that much of the research/testing that has been done on PBL is not 

unified in the methodology of the testing. These variations along with diversity of student ability 

and teacher skill/training in implementing PBL can skew results. Strobel and van Barneveld 

(2009) agree with Ravitz’s assessment of the inconsistencies in testing. They used PBL testing 

and research data collected for forty years across different disciplines. They performed a meta-

synthesis of existing meta-analyses in order to test the effectiveness of PBL. Their findings 

support traditional classrooms for standardized test results but PBL for long-term retention, 

higher-level skills and improved teacher and student approval. These researchers were highly 

supportive of PBL and believe that a greater and more solid research base is needed since much 

of the material that they studied came from only one field, professional medical training.    

Geier, Blumenfeld, Marx, Krajcik, Fishman, Soloway, and Clay-Chambers (2007) also 

reviewed standardized test scores’ relationship to PBL or inquiry designed science curriculum.  

Their initial or Cohort I results show student improvement but not enough to state definitively 

that these methods improve student learning. The following larger test, Cohort II, did show 

statistical significance on the science achievement scores. Also following the students year by 

year, they found that students that had PBL inquiry experience had a sustained higher 

achievement on standardized science tests.  
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Unlike many of the previous reviews, this study used PBL inquiry lessons that were 

aligned to the state curricula and test. This type of curricula definitely promotes PBL and takes 

away much of the fear or uncertainty that teachers have of meeting standardized test scores when 

using an alternative form of teaching.      

Summary 

This review of literature looked into three areas of Inquiry –based hands on learning and 

project-based learning (PBL). It defined both Inquiry –based hands on learning and PBL as well 

as giving instruction as to how someone, such as a teacher could go about using these techniques 

for instruction. Next was a review of what 21
st
-century skills are and how they are related to 

inquiry learning. Finally, this review demonstrated the role of Inquiry-based hands on learning 

and PBL in Education including research studies that have been conducted on this topic. The 

reviews and studies appear to provide a positive correlation between inquiry-based instruction 

and higher order learning as well as providing background support to the research questions. 

However, the studies available on inquiry learning and standardized testing were limited and 

gave inconclusive results.  
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CHAPTER III: 

METHODS 

Introduction 

This study is a mixed method study that uses a quantitative analysis of pre- and post-test 

semester results as well as a qualitative analysis of lab notebooks and interview questions. The 

purpose of the study was to examine whether there is a difference in students’ achievement and 

retention on standardized tests between students who participate in inquiry-based laboratory 

activities and those who participate in traditional style laboratory activities, and teachers’ and 

students’ opinions concerning inquiry vs. traditional lab activities.  Inquiry labs are designed to 

build skills such as problem solving, planning, communication and cooperation among group 

members while traditional style labs are designed using step-by-step instruction to verify 

previously studied material. The labs help students to take abstract thoughts and make them more 

concrete. Similar use of technology will be used in both methods. 

Setting of the Study 

The study took place in a small 6A (1200 students) public suburban 9th -12th grade 

school.  During the study, eight different classes with two teachers instructing students during 

one semester of the school year were monitored.  Each teacher instructed his or her students 

following the state and county curriculum for biology. Each teacher instructed four classes of 

comparable ability level groups of students. Each teacher covered the same material for each of 

their classes to bring all of the students to mastery on the topics. For two classes each (the 

treatment group), the teachers used inquiry based science laboratory experiences. With two other 
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classes each (the control group) of students they used traditional style laboratory experiences 

covering the same material. The school has alternating block days for classes to conduct labs. 

The treatment group had their laboratory experiences during their Wednesday block classes and 

the control group had their laboratory experiences during their Thursday block classes.  The 

different days helped to control bias and confusion for the teachers. 

Table 1 

Study Summary Chart 

Teacher 1 Classroom 1 Traditional Style 

Laboratory Control 

*Standard Biology 

Classroom 3 Inquiry Style 

Laboratory 

Treatment 

*Standard Biology 

Teacher 2 Classroom 2 Traditional Style 

Laboratory Control 

*Honors Biology 

Classroom 4 Inquiry Style 

Laboratory 

Treatment 

*Honors Biology 

  

Research Questions 

1. Will inquiry lab activities increase subject matter content knowledge and retention 

of material for the students involved? (Measured by Data Director pre- and post-

tests); 

2. Will there be a difference in higher level thinking skills and subject matter 

knowledge between students participating in the inquiry labs activities and the 
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students participating in the traditional lab activities? (Measured by lab notebook 

rubric); 

3. What are students’ opinions of the activities as compared to previous hands on 

learning experiences; 

4.  What are teachers' opinions of the inquiry activities versus the traditional 

activities; and 

5. How will the results of this research compare with the known inquiry-based 

learning research? 

Participants 

 The 166 participants were ninth and tenth graders distributed among eight science classes 

at a school in a southeastern state. These science classes were studying biology. The two science 

teachers that assisted the researcher with the study were one male and one female, both with 

more than five years of instructional experience. Four classes were taught using inquiry methods 

(treatment group, two for each teacher) and four classes were taught using traditional methods 

(control group, two for each teacher).  The students’ learning styles were not assessed.  

Instrumentation 

Both groups were given a pre- and post-test created from the state standards of the 

biology curriculum. The tests were created by the school’s science department to test the state 

standards covered during the fourth semester of ninth grade biology. The thirty-seven question 

tests were generated using Data Director Software and were scored and compared for student 

improvement and retention (see Appendix G). The students were also given a survey to rate their 

laboratory experiences at the end of the semester (see Appendix A). The students’ lab notebooks 

were collected and compared to the lab rubric (see Appendix D). The teachers involved were 
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interviewed to rate and compare the two methods of laboratory experiences.  The interview 

questions are shown in Appendix B.  Finally during the time period of the study, each teacher 

made observations of the students’ engagement and problem solving skills during each lab 

experience using a checklist (see Appendix E). 

Inquiry and Traditional Laboratory Experiences 

In this study, the teachers conducted laboratory experiences using two methodologies to 

cover the same topic. Much of the instruction and laboratory experiences were identical.  All 

student instruction, lectures, notes and class work were the same. The differences were in the 

laboratory activities (see Appendix I). Each of the teachers uses a variety of methods in their 

teaching to address all students’ learning styles. They use multi-media PowerPoint lectures that 

meet the needs of the visual and auditory learners and cooperative lab activities that assist the 

tactile and verbal learners. For the traditional laboratory or control group their labs had directed 

instruction and specific questions to be answered. Their activities were generally over in one 

class period. The inquiry or treatment group had either guided inquiry instruction where they 

could make choices in their procedure or full inquiry where they could create the procedure. 

Their activities would often take multiple days to complete. For example, to study seed 

germination and the differences between different types of seeds, the control group did a paper 

and pencil activity where they looked up their answers in books or the internet, recorded their 

findings and drew pictures of the different types of seeds. The treatment group did the Seeds in a 

Bag Activity. This lab took approximately 15-20 minutes on Day 1 to set up the experiment, then 

5 minutes per day for the next 7 days to make observations and a final conclusion. Overall the 

time for both activities was the same.  The big difference was the students in the treatment group 
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looked at the seeds growing and changing day by day for a total of 8 days.  They manipulated, 

measured and made daily observations.  

In several of the activities (Flower Lab and Tree Growth Rings) both groups did the 

initial part of the labs identically then the treatment group would do an inquiry extension 

exercise. Sometimes this was done during class time; often it was assigned with their lab report.  

These extensions used higher level learning strategies such as analysis or comparisons. They 

kept the students engaged on the lab topic longer than the control group.  

Researcher Positionality 

The researcher is a certified public school teacher with eighteen plus years of public 

school teaching experience. During this time the researcher has used a variety of teaching 

methods to engage students in the learning process. Using both traditional and inquiry-based 

hands-on-learning she has found that students have had great success in mastering difficult 

standards or skills in her classes. In addition, this researcher has 

 Frequently used cooperative learning groups to increase leadership and foster 

collaboration between students; 

 Introduced large and small projects to reinforce tough concepts and helped students use 

their creativity to problem solve and think critically, and learn verbal and written 

communication skills; 

 Conducted multiple research projects testing student success using different learning 

methods and ideas slated to improve teaching; and 

 Been and is the Alabama Academy of Science Coordinator for high school science 

research projects. This position requires that the researcher observes and instills the use 
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of best practices in research to the students being supervised. The researcher reviews and 

monitors all student projects to prevent bias and nonethical practices.  

  All of these experiences will assist the researcher in the data analysis of this study. The 

researcher will use a statistical evaluation of the quantitative data which will assist and prevent 

bias in the calculations and will also use a numerical review for comparing qualitative data in 

order to do the same. The necessary course of study to conduct this research including IRB for 

research involving human participants has been completed.   

Data Collection 

To collect the data necessary for the study and to maintain student privacy and 

confidentiality, the teachers participating in the study assigned a number to each of the 

participating students to use on their pre- and post-tests, survey and lab notebooks. 

 The researcher provided the teachers participating in the study with copies of the tests 

along with answer sheets for the pre- and post-tests created by Data Director.  Pre tests were 

given at the beginning of the semester.  Post-tests were given at the finish of individual 

curriculum standards (see Appendix G). During the study, the classes covered Biology standards 

10 and 11.  All of the Biology Standards can be found in Appendix F. Each standard had one or 

more laboratory activities (see Appendix I) associated with it to further student understanding. 

Standard 10 had three laboratory activities that have a traditional and an inquiry version (Seeds 

in a Bag, Flower Anatomy, and Tree Growth Rings).  Standard 11 had five laboratory activities 

with a traditional and inquiry version (Planaria Regeneration, Modeling Movement (Worm 

Dissection), Frog Dissection, Pig Dissection, and Shark Dissection). Table 2 shows the 

comparison of activities and the type of inquiry learning used by the students in the treatment 

group.  



 

 40 

Table 2 

Comparison of Activities and the Type of Inquiry Learning used by the Students in the Treatment 

Group 

Activity  Traditional Activity  Type of Inquiry Activity 

 

Seed Study Paper and book research Growing Seeds in a Bag - Lab 1 

Guided Inquiry designed by researcher 

 

Flower Study Flower Anatomy lab parts 1-3 Flower Anatomy lab parts 1-4 - Lab 2 

Guided Inquiry designed by Alabama 

Math Science Technology Initiative 

(AMSTI) 

 

Tree Growth 

Study 

Tree Growth Rings lab parts A-B Tree Growth Rings lab parts A,B and 

going further - Lab 3 

Guided Inquiry designed by AMSTI 

 

Planaria Study Lecture/Video Clip Planarian Regeneration - Lab 4 

Guided/Open Inquiry  

Designed by Carolina Biological 

 

Earthworm 

Study 

Earthworm Dissection Modeling Movement - Lab 5 

Open Inquiry 

Designed by Flinn Scientific 

 

Frog Study Frog Dissection Frog Dissection with Post - Lab 6  

Guided Inquiry, Designed by researcher  

 

Shark Study Whole Class Demonstration Whole Class Demonstration 

Pig Study Pig Dissection Pig Dissection with Post - Lab 7  

Guided Inquiry, Designed by researcher 

 

 

Following the study the teachers were given copies of both the student survey and the 

teacher survey. The teachers administered the student survey and completed the teacher survey. 

The teachers then presented the researcher with the completed materials. The researcher used 

Data Director software to compare the outcomes of the students and classes on the pre- and post-

tests. This was done while preserving confidentiality (i.e., without names being displayed).   
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The researcher interviewed the teachers individually about their experiences during the 

study. The researcher took notes and recorded quotes. The interview questions were open-ended 

to solicit more information and impressions from the study. This gave teachers the chance to 

express their feelings about the study and the information was treated as anecdotal data. The 

researcher was also available to the teachers throughout the study to record any issues or 

successes that the teachers may have wanted to share.     

Data Analysis 

The pre- and post-tests were scored by Data Director for accuracy and then evaluated for 

pre- to post-test improvement for each individual student and for each individual question. Data 

Director is a computer program that compiles raw information for a researcher to use.  Following 

this, a statistical z-test was performed at the .05 level of significance using Excel to compare the 

results of the inquiry classes to the traditional classes. The raw scores were input into Excel 

which calculated the statistical significance of the scores. 

 Following this, the researcher conducted a content analysis for the student surveys, 

teacher surveys and teacher interviews.  The researcher began by reading through the student 

surveys and identifying key words or phrases. From this initial viewing of the surveys the 

researcher created a chart to tabulate common responses for each of the survey questions. The 

content analysis looked at all of the answers given by all of the participants to see if any themes 

evolved from the open-ended questions.  These themes were compared, categorized and related 

to previously studied research. For example: if the students rated the activities as being good 

great or excellent that would be considered a common response. However, if they elaborated and 

said they were good but made me work harder that would be put into a separate category. The 

same procedures were followed for the teacher surveys.  From the interviews, the feelings of the 
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participants were noted and compared to the surveys and documented research. The researcher 

conducted follow up interviews with the teachers to review and expand on the findings. Finally 

the lab notebooks were examined for creativity and innovation in experimental design, clear 

communication of the procedure and critical analysis of the data. The notebooks were scored by 

the researcher using a rubric (see Appendix C).  By using test scores, the lab notebook, student 

and teacher impressions, and teacher classroom observations, quantitative and qualitative data 

were used, analyzed and evaluated. 
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CHAPTER IV: 

RESULTS 

Introduction 

The data from this study were analyzed using a quantitative analysis of semester pre- and 

post-test results, a quantitative and qualitative analysis of lab notebooks and a qualitative 

analysis of student surveys, teacher interview questions and teacher observations. These data 

were used to determine whether there is a difference in students’ achievement and retention on 

standardized tests between students who participate in inquiry-based laboratory activities and 

those that participate in traditional style laboratory activities and to examine teachers’ and 

students’ opinion of inquiry versus traditional laboratory activities. 

Demographic Information 

Teacher 1 Traditional Control Class 1 had twenty-one ninth grade students and Teacher 1 

Traditional Control Class 2 had fourteen mixed ninth- and tenth-grade students. Teacher 2 

Traditional Control Class 1 had twenty-nine ninth-grade students, and Teacher 2 Traditional 

Control Class 2 had eighteen mixed ninth- and tenth-grade students. Teacher 1 Inquiry Treatment 

Class 1 had twenty-nine ninth-grade students; Teacher 1 Inquiry Treatment Class 2 had thirteen 

ninth-grade students. Teacher 2 Inquiry Treatment Class 1 had twenty ninth-grade students; 

Teacher 2 Inquiry Treatment Class 2 had twenty-two ninth-grade students. Each class was a 

mixed gender group and contained students of different ethnic backgrounds. 
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Research Question 1  

Research Question 1 was analyzed using the null hypothesis: “There will be no difference 

in student achievement or retention between students who participate in inquiry-based laboratory 

activities and those that participate in traditional style laboratory activities” and was analyzed 

using a z-test sample for means.  Raw scores for the pre- and post-test were imported into Excel 

and z-test sample for means were calculated to analyze the pre- and post-test data for each 

teacher’s group, the pre- and post-test data for the combined group and the overall improvement 

for each group at the .05 significance level. 

To test whether a difference exists between students who received inquiry teaching and 

students who received traditional teaching for Teacher 1, a z-test was used to analyze the 

difference between the pre- and post-test data scores for the two groups.  Results of the test 

showed that z = -.695149897, which is greater than Z critical of-1.959963985, therefore the null 

hypothesis was rejected.  Results are shown in Table 3. 

Table 3 

Teacher 1 Pre- and Post-test Data  

z-Test: Two Sample for Means   

  Variable 1(Control) Variable 2(Treatment) 

Mean 11.72778 18.71395 

Known Variance 100 1 

Observations 27 38 

Hypothesized Mean Difference 0  

Z -.695149897  

p(Z<=z) one-tail 0.243480684  

z Critical one-tail 1.644853627  

p(Z<=z) two-tail 0.486961368  

z Critical two-tail +/-1.959963985   
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With a z-test, the null hypothesis is that the means of the two groups are equal or the 

same. The z-test is also a two sided or two tailed test.  If the means are equal the test results 

would indicate that the classroom activities and both types of laboratory activities influenced 

student retention equally.  If the means are not equal the test results would indicate that one 

method influenced student retention more. Since the null hypothesis was rejected for Teacher 1, 

the means of the control class and the treatment class are not equal for Teacher 1.  The treatment 

class had a higher mean, which indicates that the treatment influenced student retention 

positively. Looking at the data for Teacher 1, the control group had a post-test average of 51.54, 

which was an improvement over the pretest of 11.72777778 points. For Teacher 1 the treatment 

group had a post-test average of 64.46, which was an improvement over the pretest by 

18.71394737 points. 

To test whether a difference exists between students who received inquiry teaching and 

students who received traditional teaching for Teacher 2, a z-test was also used to analyze the 

difference between the pre- and post-test scores for the two groups. For Teacher 2:  z = -

2.586455007, which is less than Z critical of -1.959963985 but p = 0.009696883 which is less 

than p =.05, therefore we can reject the null hypothesis. Results are shown in Table 4.   
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Table 4 

Teacher 2 Pre- and Post-test Data  

z-Test: Two Sample for Means   

  Variable 1(Control) Variable 2(Treatment) 

Mean 27.47574468 31.48452381 

Known Variance 1 100 

Observations 47 42 

Hypothesized Mean Difference 0  

Z -2.586455007  

p(Z<=z) one-tail 0.004848441  

z Critical one-tail 1.644853627  

p(Z<=z) two-tail 0.009696883  

z Critical two-tail +/-1.959963985   

 

Since the null hypothesis was rejected for Teacher 2, the means of the control class and 

the treatment class are not equal for Teacher 2.  The treatment class had a higher mean, which 

indicates that the treatment influenced student retention more than traditional teaching.  The data 

for Teacher 2 show the control group had a post-test average of 72.93, which was an 

improvement over the pretest of 27.47 points. For Teacher 2 the treatment group had a post-test 

average of 72.03, which was an improvement over the pretest of 31.49 points.  

To test whether a difference exists between all of the students who received inquiry 

teaching and all of the students who received traditional teaching for the combined classes of 

Teachers 1 and 2, a z-test was used to analyze the difference between the pre- and post-test 

scores for the combined groups .For the combined scores of Teacher 1and Teacher 2: z 

=4.405271 which is greater than Z critical +/-1.959964 and p =1.06E-05 which is less than p 

=.05, therefore, we can reject the null hypothesis.  Results are shown in Table 5. 
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Table 5 

 

Combined Scores Teacher 1 plus Teacher 2 

 

z-Test: Two Sample for Means     

  Variable 1(Control) Variable 2(Treatment) 

Mean 25.66713 30.61892 

Known Variance 1 100 

Observations 80 74 

Hypothesized Mean Difference 0   

Z 4.405271   

p(Z<=z) one-tail 5.28E-06   

z Critical one-tail 1.644854   

p(Z<=z) two-tail 1.06E-05   

z Critical two-tail +/-1.959964   

 

Since the null hypothesis was rejected for the combined group, the means of the control 

classes and the treatment classes are not equal for the combined group.  The treatment classes 

had a higher mean, which indicates that the treatment improved student retention for the 

combined group. The data for the combined group showed the control group’s post-test average 

was 65.13, an improvement over the pretest of 21.32 points. The combined data for the treatment 

group’s post-test average was 68.65, an improvement of 25.42 points. 

Research Question 2 

Research Question 2, “Will there be a difference in higher level thinking skills and 

subject matter knowledge between students participating in the inquiry labs activities and the 

students participating in the traditional lab activities” was analyzed by reviewing all of the 

students’ lab notebooks. Lab group averages were calculated and compared.  Students’ 

completed lab sheets and notebooks were graded using the lab rubric that assessed them on the 

following data points: completeness of the hypothesis, experimental design, clarity of variables, 
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data collection, analysis of data and conclusions based on the hypothesis. Results are shown in 

Table 6 and Figure 1. 

Table 6 

Group Average Lab Notebook Scores  

Name of Lab/Activity Control Group Average 

Grade 

Treatment Group Average 

Grade 

Seeds in a Bag/ 

Alternative Activity 

90.75 87.40 

Flower Anatomy 86.68 90.00 

 

Tree Growth Rings 59.74 55.86 

 

Planaria Regeneneration Lecture/Video Clip not 

graded 

Whole Class Activity not 

graded 

 

Modeling Movement/ 

Worm Dissection 

83.72 89.00 

Frog Dissection 64.75 91.54 

 

Shark Dissection Whole Class Demonstration 

not graded 

Whole Class 

Demonstration not graded 

 

Pig Dissection 72.36 77.78 

 

Class Average 76.33 81.93 
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Figure 1. Graph of group average lab notebook scores 

When data for all labs were combined, the control group’s lab grade average was 76.33. 

The combined lab grade data for the treatment group was 81.93.   

To test whether there was a difference in higher level thinking skills and subject matter 

knowledge between students participating in the inquiry labs activities and the students 

participating in the traditional lab activities based on analysis of their laboratory notebook 

grades, raw scores for the lab notebooks were imported into Excel and a z-test sample for means 

were calculated for these data at the .05 significance level.  Results are shown in Table 7. 
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Table 7 

Lab Notebook Score Data  

z-Test: Two Sample for Means     

  Variable 1(Control) Variable 2(Treatment) 

Mean 0.744259259 0.828985507 

Known Variance 1 100 

Observations 27 20 

Hypothesized Mean Difference 0   

Z -0.037751169   

p(Z<=z) one-tail 0.484943039   

z Critical one-tail 1.644853627   

p(Z<=z) two-tail 0.969886078   

z Critical two-tail +/-1.959963985   

 

Reviewing the results of this z-test shows z = -0.037751169, which is greater than Z 

critical of -1.959963985, therefore, we can reject the null hypothesis that there was no difference 

in higher level thinking skills and subject matter knowledge between students participating in the 

inquiry labs activities and the students participating in the traditional lab activities based on 

analysis of their laboratory notebook grades.  The higher mean for the treatment group indicates 

that the treatment group achieved higher level thinking skills and subject matter knowledge than 

the control group.  

Student Survey  

Content analysis was used to examine the data from all of the student surveys (see 

Appendix A). The researcher began by reading through the student surveys and identifying key 

words or phrases. From this initial viewing of the surveys the researcher created a chart to 

tabulate common responses for each of the survey questions. The content analysis looked at all 

of the answers given by all of the participants to see if any themes evolved from the open-ended 
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questions.  These themes were compared, categorized and related to previously studied research. 

For example, if the students rated the activities as being good great or excellent that would be 

considered a common response. However, if they elaborated and said they were good but made 

me work harder that would be put into a separate category. The themes resulting from the data 

were positive opinions about the lab activities, the level of involvement that these activities 

included, the understanding of the topics covered by the activities, the level of enjoyment while 

participating in the activities, suggestions for improving the activities, and surprise that the labs 

helped their overall grade.  

The students’ survey responses indicated that the students had a very positive opinion 

about the labs. Their comments about the inquiry lab activities varied, including awesome, fun 

and more interesting. Many stated that the inquiry activities were more educational and 

entertaining even though they were smelly and gross. The students enjoyed the traditional labs 

and considered them helpful and indicated that they improved their understanding of the topic 

but thought that some of the activities like the pen and paper activity for the seed germination 

study were boring. 

The survey responses stressed the level of student involvement that the inquiry activities 

included.  Most comments included that the inquiry activities were more work, more hands on, 

more difficult, more involving, more in-depth, intense and interesting. One student even 

commented that “you could fully immerse yourself in the work quickly.” The students responded 

that the inquiry activities were challenging and thorough.  

The students’ responses indicated that the inquiry labs stressed that the students’ 

understanding of the topics covered by the activities and was much higher than with the 

classroom work alone. Students stated that with the inquiry labs, they could question and come 
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to a better understanding because they were able to experience the material themselves; they 

could actually see it instead of just hearing about it.  The students explained that with more hands 

on in the labs it helped to better comprehend the material because they had to apply it more on 

their own. They liked that they could see what would happen for themselves and that they got to 

tell what they thought. Many said it was easier to learn the material because they learned more 

by doing then by reading.  Both the control and the treatment groups expressed that they liked 

the group work because when they worked with groups if they couldn't figure something out 

their group would help them. 

Along with the students’ positive opinions of the labs, they also repeatedly expressed 

their level of enjoyment while participating in the activities.  Two-thirds of the students preferred 

the new style or inquiry labs. Their comments about the inquiry labs included the following:  

 inquiry makes you want to do the lab more; 

 I prefer to do my own thing, and traditional is boring; 

 I feel like I am experimenting; 

 more exciting; and 

 more fun.  

They also remarked that inquiry lets them be creative and keeps it more interesting to keep 

experimenting. Inquiry also gives them the opportunity to go at their own pace and view things 

they want to.  One student commented, “I learn more and I get to know what I want to know.” 

The students very much liked finding things out on their own, taking ownership of their 

discoveries. 

The one-third of students that preferred the traditional labs shared that the traditional labs 

were easier to follow. They commented that the traditional labs “help me understand better and 
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the directions make sure I'm doing it right.”  “Traditional labs help my brain process the material 

better, they are more informative.” Several students explained that they prefer directions not 

questions, because when they have instructions they can go and do it well.  They like having 

steps laid out so they know that they covered all of the necessary parts of the experiment. 

The students also had several suggestions for improving the inquiry activities.  They said 

if they had examples to follow they would have been more confident that they were going in the 

right direction. They would have liked to have done more research on the topics before the labs. 

They felt that they needed more information, pictures graphs or charts to get a more complete 

understanding. They would also have liked to go a bit slower in order to do all of this with the 

labs. 

The students’ responses expressed surprise that the labs helped their overall grade.  The 

students believed that the inquiry labs made science enjoyable and helped them understand 

things better when they were doing them and not having the labs done for them. Labs make 

chapters more clear, they were challenging, fun and educational. Several students responded that 

the inquiry labs helped them with their grade, they were easy, more interesting and fun (minus 

the essays). Even though the students were split in their preference between traditional (one-

third) and inquiry labs (two-third), more than 90% of the students would like to have additional 

inquiry lab activities. 

Teacher Surveys and Interview 

Content analysis was used to examine the data from the teacher comments during the 

study, teacher surveys, and interviews (see Appendix B) and to compare and categorize themes.  

The themes resulting from the data were 1) improved opinion about inquiry style labs; 2) 

surprise at the difference in retention of material between the two classes; 3) suggestions for 
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improved lab outcomes; and 4) determination to do more inquiry labs with their classes in the 

future. 

 The teachers that participated in the study were teachers that did frequent labs with their 

classes. Most of the labs that they did were traditional style. Traditional labs are easy for teachers 

to use and many have the materials and lesson plans already developed.  Most inquiry labs 

require teacher intervention either in purchasing additional materials or in reworking the 

traditional lab into an inquiry lab. To convince teachers that the extra work produces results has 

to come about through opinion change. Using the predesigned inquiry labs and seeing the 

difference in the data improved both teachers’ opinions about inquiry style labs. Both teachers 

rated the labs as an eight on a ten-point scale. 

Both teachers expressed surprise at the difference in retention of material between the 

two classes. Teacher 1 said, “I did not think that the method would change their understanding 

but looking at the scores I can see that it did.”  Teacher 2 believed that the students’ prior 

experiences played a huge role in the success of the inquiry labs. If the students were self driven 

and worked well independently, they had great success with the inquiry labs. Most of the 

students in these classes fit this category. Those that did not fit in the driven/motivated category 

let their lack of comfort with the inquiry activities interfere and made them slower at finishing 

the task. 

The teachers had the following suggestions for improved lab outcomes: 

 Students doing labs whether traditional or inquiry need to have good cooperative 

learning skills. Before doing labs these cooperative learning skills need to be 

introduced and practiced; 



 

 55 

 Before doing an inquiry lab students need to be instructed in how to do an inquiry 

lab. Those students that had previously done inquiry labs were comfortable and 

confident with them, while others that had not done inquiry were unsure of the 

process, which slowed them down. As students progressed through the semester 

their comfort level improved as did their lab grade; and 

 Build in time to review lab outcomes whether traditional or inquiry. If the 

students review the lab at the end they can be confident that they covered the 

necessary material. This would reduce stress for those not confident in doing 

inquiry lab and would add more time on the subject if it was a traditional style 

lab, possibly improving retention of the material.    

Both teachers expressed determination to do more inquiry labs with their classes in the 

future.  They believed that the treatment groups were more engaged and seemed to grasp the 

material better. Both instructors believed that the inquiry lessons benefitted the students’ 

comprehension of the topics more and proved to be a better enrichment tool.  Since the study’s 

completion both teachers have continued to use more and more inquiry based lab experiences.   

Teacher Observations 

 During the study, the teachers had a checklist for making observations of the students’ 

behavior at the time of testing (see Appendix E). This checklist was to assist the teachers in 

evaluating students’ engagement, understanding and cooperation during the activity. It also 

provided a way for the teachers to evaluate whether they thought the activity was good, not good, 

difficult or just ok.  As is noted in the following charts, for nearly all of the inquiry labs, the 

teachers’ observations show the students were engaged, the students were using higher level 

thinking skills and many had a discovery or eureka moment. The teachers also rated all of the 
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labs as good except for the tree ring activity – this one was difficult for the students. Though they 

did not make observations for the planaria regeneration activity, the teachers expressed that they 

did not care for this activity. They believed it took a lot of time for the knowledge the students 

received from it. Many of the planaria did not regenerate so many groups did not obtain any data 

or see any change in their specimens. For most of the traditional activities the students were also 

engaged but the teachers observed that they (the teachers) were much more involved in the 

learning and the students were not as creatively engaged when they were following step by step 

instructions. There were also few eureka moments as they were guided toward their discoveries.  

See Table 8 and 9. 

Table 8 

Inquiry Treatment Group  

Observation Seeds 

in a 

Bag 

Flower 

Lab 

Tree 

growth 

Rings 

Modeling 

Movement 

Frog 

Dissection 

Pig 

Dissection 

Students are engaged Yes Yes Yes Yes Yes Yes 

 

Students understand lab 

process 

 

Yes Yes No Yes Yes Yes 

Students are cooperating Yes Yes Yes Yes Yes Yes 

 

Students are using higher 

level thinking skills 

 

No No Yes Yes Yes Yes 

All students of the group are 

involved 

 

Yes Yes Yes Yes Yes Yes 

The teacher is acting as a 

facilitator 

 

Yes Yes Yes Yes Yes Yes 

Eureka moment 

 

Yes No No Yes Yes Yes 

Observer’s opinion of activity Good Good Difficult Good Good Good 

Table 9 
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Traditional Control Group  

Observation Seed 

Activity 

Flower 

Lab 

Tree 

growth 

Rings 

Worm 

Dissection 

Frog 

Dissection 

Pig 

Dissection 

Students are engaged 

 

Yes Yes Yes Yes Yes Yes 

Students understand lab 

process 

 

Yes Yes No Yes Yes Yes 

Students are cooperating 

 

Yes Yes Yes Yes Yes Yes 

Students are using higher 

level thinking skills 

 

No No No No No No 

All students of the group 

are involved 

 

No Yes Yes Yes Yes Yes 

The teacher is acting as a 

facilitator 

 

No Yes Yes No No No 

Eureka moment 

 

No No No No Yes Yes 

Observer’s opinion of 

activity 

OK Good Difficult Good Good Good 

 

The results of this study show that there is a difference in students’ achievement and 

retention on standardized tests between students who participate in inquiry-based laboratory 

activities and those that participate in traditional style laboratory activities. The z-test of two 

means, average test improvement pre-test to post-test, and average lab notebook grade all had 

higher scores for the inquiry-based laboratory activity treatment group. Teacher observations 

also gave higher marks for the inquiry labs.    
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CHAPTER V: 

DISCUSSION, IMPLICATIONS, RECOMMENDATIONS, AND CONCLUSIONS 

Introduction 

 This chapter will provide a summary of the findings of this study including discussion 

and conclusions drawn from the data presented in Chapter IV.  It will also present 

recommendations for possible actions or implications and opportunities for further research. 

Summary of the Study 

This study is a mixed method study that uses a quantitative analysis of semester pre- and 

post-test results as well as a qualitative and quantitative analysis of lab notebooks and qualitative 

analysis of interview questions. The purpose of the study was to examine whether there is a 

difference in students’ achievement and retention on standardized tests between students who 

participate in inquiry-based laboratory activities and those who participate in traditional style 

laboratory activities.  

Inquiry labs are designed to build skills such as problem solving, planning, 

communication and cooperation among group members. Traditional style labs are designed to 

use step-by-step instruction to verify previously studied material. They both help students to take 

abstract thoughts and make them more concrete. The study also examined whether inquiry labs 

can be effective for improving retention in a standard’s based biology curriculum. 

Discussion 

For Teacher 1, Teacher 2 and for the combined scores of Teacher 1 and Teacher 2, the 

null hypothesis was rejected that classroom activities and both types of laboratory activities 

influenced student retention equally at the .05 significance level.  If the means were equal the test 
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results would indicate that the classroom activities and both types of laboratory activities 

influenced student retention equally.  However, the means were not equal for the individual 

teachers or the combined data, therefore, the test results indicate that the classroom activities plus 

the treatment or inquiry type of laboratory experience more greatly influenced student retention. 

For each teacher individually as well as the combined data, the post-test average of the 

treatment or inquiry lab group improved much more than the control or traditional lab group.   

For Teacher 1, the control group had a post-test improvement over the pretest of 11.72777778 

points. For Teacher 1, the treatment group had a post-test improvement over the pretest of 

18.71394737 points. For Teacher 2, the control group had a post-test improvement over the 

pretest of 27.47 points. For Teacher 2, the treatment group had a post-test improvement over the 

pretest of 31.49 points. When data for both teachers was combined, the control group’s post-test 

improvement over the pretest was 21.32 points. The combined data for the treatment group’s 

post-test improvement was 25.42 points. The improvement average ranged 4 to 7 points. This 

improvement could be enough to change a student’s score a whole letter grade, influencing their 

overall cumulative score on which class ranking and scholarships are based.  

The null hypothesis that the means were the same or equal for the lab notebook scores 

was rejected. This comparison tested whether there was a difference in higher level thinking 

skills and subject matter knowledge between students participating in the inquiry labs activities 

and the students participating in the traditional lab activities based on analysis of their laboratory 

notebook grades.  If the means were equal the test results would indicate that the both types of 

laboratory activities influenced student lab notebook grades equally.  However, the means were 

not equal; therefore, the test results indicate that the inquiry type of laboratory experience more 

positively influenced student lab notebook grade.  The control group’s lab grade average was 
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76.33. The combined lab grade data for the treatment group was 81.93. Laboratory grades 

account for 30% of a student’s overall grade, the treatment or inquiry group could have a two-

point higher overall grade.  

Combining test scores with laboratory scores, the students in the treatment or inquiry 

group could have an overall average 6 to 9 points higher than the control or traditional group. 

That is difference that is noteworthy especially to students that are grade conscious.   

 The students enjoyed both styles of lab activities. They thought the inquiry labs were 

awesome, fun and more interesting while they thought that the traditional labs were helpful and 

improved their understanding of the concepts. Students in the treatment group, when comparing 

inquiry labs to traditional labs believed that the inquiry labs were more work, more challenging 

and helped with in-depth understanding of the material. They did not like that the inquiry labs 

had no examples to follow. This caused some students to go slower and made them uneasy.  

These reflections caused a split in their preference between traditional and inquiry labs. They 

enjoyed the inquiry labs; they thought the labs were exciting and allowed for more creativity but 

for some students not having the directions spelled out made them unsure if they were 

completing the lab correctly. Another reason that some of the students did not like the activities 

as well could have been because this style of learning was not their strength since inquiry is 

hands-on it stresses tactile learning. However, more than 90% of the students would like to have 

additional inquiry lab activities.   

The teachers’ both thought highly of the inquiry labs.  They did not believe there would 

be a great difference between the test scores and notebook scores for the two types of classes but 

they did believe there was a difference in engagement and depth of understanding.  From their 

observations, the teachers reported that students were involved, were using higher level thinking 
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skills and many had a discovery or eureka moment. For most of the traditional activities the 

students were also engaged but the teachers observed that they (the teachers) were much more 

involved in the students’ learning and the students were not as creatively engaged when they 

were following step-by-step instructions.  There were also fewer eureka moments for the 

students as they were guided toward their discoveries. 

 The teachers’ opinions on their preferred method of teaching changed during the study 

experience. Previous to the study neither teacher used very many inquiry activities. Following 

the study both stated that they preferred inquiry activities and since the study completion have 

continued to use more and more inquiry based lab experiences.  

The results of this study show that there is a difference in students’ achievement and 

retention on standardized tests between students who participate in inquiry-based laboratory 

activities and those that participate in traditional style laboratory activities with the inquiry based 

students demonstrating higher achievement and better retention.  The inquiry-based labs took 

students a bit longer to complete than the traditional labs plus they had to be more involved in 

their own learning as not all of the instructions were spelled out. The teachers believed that it 

was this difference in time plus the students having to think more about the activity while they 

were completing the labs that made the difference in long-term retention of material that 

improved their test scores.  

Findings Related to the Literature 

 The study showed that the students learned and retained more information when they 

performed inquiry based labs versus traditional labs in a biology course of 9
th
 and 10

th
 graders. 

The National Science Teachers Association (2004) also believes that students can learn through 

activities. It stresses that these activities should allow student questions and that these questions 
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form and creates the desire for further study and investigation.  They believe that this will 

develop a deeper understanding of science for students. 

 Wilhelm (2007) in his outlines to better implement inquiry and PBL stressed, as this 

study discovered, that students retain more information when they participate in inquiry activities 

and PBL. Wilhelm has also advocated for improving understanding using guided questions and 

discussions.  Northwest Education Magazine (2001) conducted an interview with Helena Fagan, 

an expert on PBL, where Fagan emphasizes that the excitement about doing PBL is contagious 

because the students are engaged.  This excitement and engagement were things that both the 

students and teachers in the current study commented on as being a reason for desiring to have 

more inquiry based lab activities.  

De Fillippi (2001), in his definition of PBL, indicated that the learner needs to be actively 

involved much like the students were in the current study. The current study found that inquiry 

labs, like PBL, resulted in longer-term retention of information. The Partnership for 21
st
 Century 

Skills Foundation (2007) agreed with this and found students learn and retain more when they 

find real life application for the material they are studying.  Sherman (2002) also reported that 

ideas need to be explored and that projects can engage students and capture their attention. 

Projects also help to connect discreet pieces of information leading to deeper retention and 

higher order thinking much like teachers in the current study discovered from their observations 

of the student inquiry labs. 

 The Academy of Science of South Africa (2011) discovered the differences in the roles of 

the teacher between inquiry and traditional style of learning classes as did the teachers in the 

current study. These differences include the change in teacher role from information giver to 

learning facilitator.  Inquiry is learner centered while traditional is teacher centered. 
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  Yeung (2008) stated that PBL teachers’ agree that they would never return to “normal” 

teaching. The teachers involved in the current study would agree with this statement and their 

actions following the study support the statement. Most PBL teachers’ biggest concern is 

whether their students will measure up on standardized tests. The current study shows that 

students can excel on standardized tests if the activity covers the standards. Students are actively 

involved in their own learning.  

 Harlen (2004) looked at and evaluated inquiry learning from its design and 

implementation to problems and obstacles in establishing an inquiry-learning program. Harlen 

also looked at student progress using inquiry lessons. Harlen started out defining inquiry and 

explaining the roles of the teacher and students during an inquiry activity. He also explained the 

relationship of this style of learning to the work of psychologists that have studied brain function. 

 Some of the obstacles that Harlen found in implementing inquiry-based programs 

included the time involved in developing lessons, district policies and the need for success on 

certain tests. The need for student collaboration and event parent interference can enhance or 

cause problems with inquiry-based learning. The teachers involved in the current study evaluated 

the inquiry lessons much like Harlen did. The teachers even came up with suggestions on ways 

to improve these lessons in the future. One of their suggestions was promoting cooperative 

learning activities before the inquiry lessons. Had Harlen done this he might have had fewer 

problems implementing inquiry-learning activities. 

 Edutopia Staff (2001) looked at the results of several long-range studies on project based 

learning (PBL) programs.  These studies like the current study found that PBL improved test 

scores. They also found that it lowered absenteeism, and improved cooperative learning skills. 
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The improvements in achievement for the long range studies were even greater than the ones 

found in the current study.   

 Another long-term study was conducted by Honey and Henriquez (1996).  They reviewed 

a long-term school district improvement plan where project based learning rigorous writing and 

technology were incorporated into the curriculum to improve student achievement.  After 

implementation the students were out performing similar districts by an average of 27%. Their 

reading scores improved 53.6%, writing 42.9% and math 29%. 

 Ross and Lowther (2003) reviewed a long-term school district study of inner city schools. 

In this study, five test schools were matched in performance and improvement to four non-test 

schools. The classrooms were matched in terms of testing and non-testing. Ross and Lowther’s  

study followed the implementation of the Co-nect whole school reform program.  Co-nect 

stresses the use of project-based learning, technology use, professional development and family 

and community involvement.  However, the study had inconclusive data. Three of the five 

schools showed positive progress compared to the non Co-nect schools, however, two did not 

show this same progress. This study showed achievement varies from class to class but the 

average showed progress.   

  Mergendolle, Maxwell, and Bellisimo (2006) also reviewed a PBL study. This study was 

very similar to the current study except that it took place in a high school setting using a 

macroeconomics course as the curriculum being revised. The study observed differences 

between traditional lecture based learning of macroeconomics and PBL macroeconomics. 

Results of their test found that PBL classes gained four percent more in their raw scores than the 

traditional classes. Their findings were comparable to the four to seven percent improvement in 

the current study. Mergendolle, Maxwell, and Bellisimo also added that an observational 
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component much like the one in the current study would help in evaluating which part of the 

PBL instruction was the most valuable.  The teachers in the current study enjoyed the creativity 

that the students employed when they were free to add to the experiences. 

Ravitz (2009) summarized thirty years of PBL research and results including results on 

standardized tests. His data were not conclusive, similar to the data from the current study. Some 

of his tests showed student improvement of scores when PBL was used while others showed 

traditional learning scored better. The current study supports inquiry learning over traditional 

learning as the test scores increased between 4 to 7 percentage points when inquiry labs were 

used. 

 Geier et al. (2007) also reviewed standardized test scores relationship to PBL or inquiry 

designed science curriculum.  Their initial or Cohort I results show student improvement but not 

enough to state definitively that these methods improve student learning. The following larger 

test, Cohort II, did show statistical significance on the science achievement scores much like the 

results of the current study.  They also found that students who had PBL inquiry experience had 

a sustained higher achievement on standardized science tests. The Geier et al. study used PBL 

inquiry lessons that were aligned to the state curricula and tests just like the labs in the current 

study.  

Surprises 

The biggest surprise of the study was the teachers’ responses to the testing results. 

Though both teachers in the study had used inquiry laboratory experiences before, they had not 

embraced these more student centered experiences and only used them occasionally. This could 

have been due to the extra preparation work inquiry labs make for the teacher or because of the 

changing role they would have as the teacher of an inquiry classroom. They also did not expect a 
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big difference between the scores of the two different types of classes.  They were pleased with 

the students’ engagement and their input to the labs but the traditional labs also had students 

engaged. When the teachers looked at how little the overall experiences were changed to make a 

traditional lab into an inquiry one, they were even more skeptical that there would be a 

difference in test scores. When they examined the test scores, the teachers could not believe the 

difference. They reviewed the scores, checked the class data they were looking at and then 

rechecked the results again. They were definitely amazed by the findings of just the raw data.  

The difference in the scores made them pause and reevaluate their teaching methods. Today both 

teachers are doing many more inquiry lab experiences.   

Conclusions 

The results of the current study indicate that there was a difference in higher level 

thinking skills and subject matter knowledge between students that participated in inquiry 

laboratory activities and the students participating in traditional lab activities. Students that 

participated in inquiry laboratory activities averaged 5.6 points higher on their lab notebook 

grades than students that performed traditional style lab activities. 

The inquiry lab activities did increase subject matter content knowledge and retention of 

material for the students involved.  For Teacher 1, the treatment group had a post-test 

improvement over the pretest of 18.71394737 points. For Teacher 2, the treatment group had a 

post-test improvement over the pretest of 31.49 points. The combined data for the treatment 

group’s post-test improvement was 25.42 points. This improvement average ranged 4 to 7 points 

higher than the control groups’ increase in content knowledge and retention of material.                                                                   

       These findings support the Constructivism theoretical framework for this study.  The 

treatment group was actively involved in their own learning.  Following Vygotsky view of 
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constructivism they discovered information. They supported Piaget opinion that learning 

happened or was constructed in the mind of the student as their understanding of the topics and 

test scores improved.  Using Dewey’s sustained inquiry learning model as the foundation of this 

study, the student’s learning was created and controlled by the student as they participate in 

hands on inquiry activities.   

The students enjoyed the inquiry activities. They found them to be fun, challenging and 

helpful for learning the material. They appeared to like them more than previous hands on 

learning experiences.  They did comment that they would like examples to be included so that 

they would know if they were headed in the correct direction when working on the lab.  

The teachers enjoyed most of the inquiry labs. They thought the tree growth rings were 

difficult for the students and that the planaria activity took more time than necessary for the 

learning achieved. The teachers stated that they will continue to use these activities along with 

many more inquiry style labs in the future.  

Implications for Action 

 The results of the study indicate that using inquiry based lab activities have the potential 

for increasing student retention of material and boosting grades. This is a significant finding for 

students and teachers. If changing the style of the labs assists the students to achieve more and 

retain knowledge teachers should be encouraged to embrace this style of activities.  This style of 

doing lab activities could be the key to improving students’ test scores along with many of the 

other needed 21
st
 century skills. It would also be beneficial to determine the learning styles of the 

students as some students may not have learning styles suited to inquiry based lab activities.  

Although this study did not explore learning styles, the possibility that learning styles may affect 

the inquiry based lab activities is a limitation of this study.  
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Recommendations for Further Research 

 The organization in charge of advance placement college tests, the College Board 

revamped the advance placement biology curriculum during the summer of 2012 to be 

implemented in the 2012-2013 school year. The new lab components of the curriculum are 

designed to be inquiry. Some of them are full inquiry where the student designs the experiment, 

while others are guided inquiry where the students are given open-ended questions to solve via 

experimentation or research.  The advanced placement biology test is the most failed of the AP 

tests. It would be interesting to follow the results of this change to see if it makes a difference in 

the passage rate in the future.   

 The State of Alabama’s AMSTI (Alabama Math Science Technology Initiative) program 

has started replacing their current traditional style labs with inquiry-based labs. Most public 

schools in the state use this program to improve science process skills. It would be worth 

observing if there is a change in ACT science scores in the state as more and more of the 

available activities become inquiry based.   

 The National Science Olympiad Competition has been developing a K-12 curriculum that 

uses many PBL activities and student led research. Comparing ACT scores from students that 

participate in this competition or are exposed to the curriculum with students in similar academic 

classes that do not participate in these learning activities might also demonstrate the value of 

using hands-on learning activities.    

 East Alabama’s Team Math promotes the use of cooperative learning groups to perform 

math based inquiry labs. Tracking the graduation exam scores or the Math ACT scores from 

schools that embrace this program to those that do not would support both this program and the 

use of inquiry math labs.    
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 It would be fascinating to follow standardized data from schools where inquiry activities 

were used across the curriculum. The test data could be compared pre and post adoption of 

inquiry activities as well as comparing data to similar schools not using inquiry activities. This 

could be run as a test case in a school district that had at least two similar schools. The district 

could then implement district wide the style of curriculum that had the most improvement.  

 This study did not test students’ learning styles (visual, auditory, tactile, etc.) prior to 

introducing inquiry learning labs to the students. It would be interesting to test a group of 

students to find their strongest learning style then repeat this study to see if inquiry based 

learning had a stronger effect on any one type of learning style. 

Concluding Remarks 

 It has been said students learn 20% of what they hear, 50% of what they see and hear and 

up to 90% of what they hear, see, say and do. This is inquiry learning. This is the key to teaching 

students the knowledge and the skills that they need to be competitive in the 21
st
 century.  Using 

inquiry-based laboratory experiences increases student achievement and retention on 

standardized tests statistically more than traditional style laboratory experiences.     
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Appendix A 

Student Survey 

1. What did you think of the lab activities? 

2. How does this semester's activities compare to previous lab activities? 

3. Which do you think would help you to better understand the material? Why? 

4. Which type of lab do you prefer, inquiry or traditional? Why? 

5. Would you like to have more lab activities like these? Why or why not. 
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Appendix B 

 

Inquiry Teacher Interview Questions 

1. On a scale of 1-10 what did you think of the inquiry labs? 

2. Did you think the method affected the students’ learning in areas like engagement, 

understanding, etc? 

3. Did you observe difference in engagement and understanding between the students in the 

inquiry vs. the traditional? Was one group more engaged or seem to have more 

understanding of the material. 

4. Which group was more engaged or seemed to have more understanding of the material or 

was there no difference? 

5. Do you think that the students work well in their cooperative groups?  

6. Which method (inquiry or traditional) do you prefer teaching? 

7. Which method do you believe benefits students more? 

8. Will you continue using inquiry based labs? 
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Appendix C 
 

Lab Notebook Rubric (RubiStar, 2008) 
 

    

CATEGORY 4 3 2 1 

Experimental 

Hypothesis 

Hypothesized 

relationship 

between the 

variables and the 

predicted results 

is clear and 

reasonable based 

on what has been 

studied. 

Hypothesized 

relationship 

between the 

variables and the 

predicted results 

is reasonable 

based on general 

knowledge and 

observations. 

Hypothesized 

relationship 

between the 

variables and the 

predicted results 

has been stated, 

but appears to be 

based on flawed 

logic. 

No hypothesis 

has been stated. 

Experimental 

Design 

Experimental 

design is a well-

constructed 

innovative test of 

the stated 

hypothesis.  

Experimental 

design is 

adequate to test 

the hypothesis, 

but leaves some 

unanswered 

questions. 

Experimental 

design is relevant 

to the hypothesis, 

but is not a 

complete test. 

Experimental 

design is not 

relevant to the 

hypothesis. 

Variables All variables are 

clearly described 

with all relevant 

details. 

All variables are 

clearly described 

with most 

relevant details. 

Most variables 

are clearly 

described with 

most relevant 

details. 

Variables are not 

described OR the 

majority lack 

sufficient detail. 

Data Professional 

looking and 

accurate 

representation of 

the data in tables 

and/or graphs. 

Graphs and tables 

are labeled and 

titled. 

Accurate 

representation of 

the data in tables 

and/or graphs. 

Graphs and tables 

are labeled and 

titled. 

Accurate 

representation of 

the data in written 

form, but no 

graphs or tables 

are presented. 

Data are not 

shown OR are 

inaccurate. 

Analysis The relationship 

between the 

variables is 

discussed and 

trends/patterns 

logically 

analyzed. 

Increased 

creativity in 

outcomes or 

The relationship 

between the 

variables is 

discussed and 

trends/patterns 

logically 

analyzed. 

The relationship 

between the 

variables is 

discussed but no 

patterns, trends or 

predictions are 

made based on 

the data. 

The relationship 

between the 

variables is not 

discussed. 
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predictions are 

made about what 

might happen if 

part of the lab 

were changed or 

how the 

experimental 

design could be 

changed. 

Conclusion Conclusion in-

depth discussion 

that includes 

whether the 

findings 

supported the 

hypothesis, 

possible sources 

of error, and what 

was learned from 

the experiment. 

Conclusion 

includes whether 

the findings 

supported the 

hypothesis and 

what was learned 

from the 

experiment. 

Conclusion 

includes what 

was learned from 

the experiment. 

No conclusion 

was included in 

the report OR 

shows little effort 

and reflection. 
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Appendix D 
 

Lab Notebook Data 

 

Students worked together in groups of 3-5 

Treatment Group 

  

Seeds 

in a 

Bag           

(25 

points) 

Flower 

Lab      

(25 

Points) 

Tree 

growth 

Rings         

(23 

Points) 

Modeling 

Movement   

(25 

Points) 

Frog 

Dissection 

(80 

Points) 

Pig 

Dissection 

(98 

Points) 

Total 

(276) Average 

  25 25 11 20 68 74 223 81% 

  25 25 16 25 80 83 254 92% 

  25 25 11 25 81 73 240 87% 

  25 25 5 25 81 84 245 89% 

  25 25 18 25 79 71 243 88% 

  20 20 15 20 82 74 231 84% 

  25 25 15 15 68 83 231 84% 

  25 25 17 20 77 73 237 86% 

  25 25 17 25 81 71 244 88% 

  25 25 14 25 80 72 241 87% 

  20 15 17 25 56 86 219 79% 

  20 20 15 20 73 74 222 80% 

  20 20 19 20 64 57 200 72% 

  20 20 9 25 51 81 206 75% 

  15 20 2 20 84 88 229 83% 

  20 25 8 20 66 88 227 82% 

  22 25 6 25 74 74 226 82% 

  15 15 8 20 70 81 209 76% 

  20 20 15 25 84 88 252 91% 

  20 25 19 20 56 57 197 71% 

Activity 

Average 21.85 22.5 12.85 22.25 73.24 76.6 228.8 83% 

Grade 87.4 90 55.86 89 91.54 77.78     

Treatment 

Group 

Semester 

Lab 

Average  81.93               
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Control Group 

  

Seeds 

Activity    

(20 

points) 

Flower 

Lab      

(25 

Points) 

Tree 

growth 

Rings         

(23 

Points) 

Worm 

Dissection           

(25 

Points) 

Frog 

Dissection 

(40 

Points) 

Pig 

Dissection 

(67 

Points) 

Total 

(200 

Points) Average 

  20 20 17 25 29 38 164 82% 

  20 25 17 20 29 53 157 79% 

  20 25 20 25 20 47 121 61% 

  15 20 18 20 19 29 146 73% 

  20 25 16 25 22 38 152 76% 

  20 20 15 25 19 53 161 81% 

  20 25 15 25 29 47 141 71% 

  20 25 14 25 28 29 138 69% 

  15 25 12 15 29 42 133 67% 

  15 25 12 20 22 39 150 75% 

  15 15 12 20 31 57 158 79% 

  20 20 12 20 28 58 150 75% 

  20 20 11 20 31 48 134 67% 

  20 20 3 25 30 36 169 85% 

  15 20 17 25 32 60 150 75% 

  15 25 20 15 15 60 164 82% 

  20 25 18 20 23 58 141 71% 

  20 15 16 25 17 48 150 75% 

  20 20 15 25 34 36 170 85% 

  20 25 15 25 25 60 159 80% 

  15 25 14 15 30 60 138 69% 

  10 25 12 20 26 45 143 72% 

  20 15 12 20 28 48 165 83% 

  20 20 12 20 27 66 131 66% 

  15 20 12 20 20 44 158 79% 

  20 20 11 15 26 66 127 64% 

  20 20 3 10 30 44 148.86 74% 

Activity 

Average 18.15 21.67 13.74 20.93 25.89 48.48 148.85 74% 

Grade 90.75 86.68 59.74 83.72 64.73 72.36     

Control 

Group 

Semester 

Lab 

Average 76.33               
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Appendix E 

Observation Checklist for Teachers 

Teacher:  

Class:  

Lab: Inquiry/Traditional 

Time/Date 

Length of observation (start/stop times) 

Observation Present (Yes) Not Present (No) 

Students are engaged   

Students understand lab 

process 

(students making progress 

fulfilling lab requirements) 

  

Students are cooperating   

Students are using higher level 

thinking skills 

(students are going beyond lab 

requirements - creating, 

questioning, designing 

extensions or new methods for 

the lab to be conducted) 

  

All students of the group are 

involved 

  

The teacher is acting as a 

facilitator 

  

Eureka moment 

(Students excited over 

discovery) 

  

Observer’s opinion of activity: 
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Appendix F 

Biology Core Standards 

 

Students will: 

 

1. Select appropriate laboratory glassware, balances, time measuring equipment, and 

 optical instruments to conduct an experiment. 

Describing the steps of the scientific method 

Comparing controls, dependent variables, and independent variables 

Identifying safe laboratory procedures when handling chemicals and using Bunsen burners and 

laboratory glassware 

Using appropriate SI units for measuring length, volume, and mass 

 

2. Describe cell processes necessary for achieving homeostasis, including active and 

 passive transport, osmosis, diffusion, exocytosis, and endocytosis. 

Identifying functions of carbohydrates, lipids, proteins, and nucleic acids in cellular activities 

Comparing the reaction of plant and animal cells in isotonic, hypotonic, and hypertonic solutions 

Explaining how surface area, cell size, temperature, light, and pH affect cellular activities 

Applying the concept of fluid pressure to biological systems 

 Examples: blood pressure, turgor pressure, bends, strokes 

 

3. Identify reactants and products associated with photosynthesis and cellular 

 respiration and the purposes of these two processes. 

 

4. Describe similarities and differences of cell organelles, using diagrams and tables. 

Identifying scientists who contributed to the cell theoryc Examples: Hooke, Schleiden, Schwann, 

Virchow, van Leeuwenhoek 

Distinguishing between prokaryotic and eukaryotic cells 

Identifying various technologies used to observe cells Examples: light microscope, scanning 

electron microscope, transmission electron microscope 

 

5. Identify cells, tissues, organs, organ systems, organisms, populations,  communities, 

and ecosystems as levels of organization in the biosphere. 

 Recognizing that cells differentiate to perform specific functions Examples: 

ciliated cells to produce movement, nerve cells to conduct electrical charges 

 

6. Describe the roles of mitotic and meiotic divisions during reproduction, growth, 

 and repair of cells. 

Comparing sperm and egg formation in terms of ploidyExample: ploidy—haploid, diploid 

Comparing sexual and asexual reproduction 

 

7. Apply Mendel’s law to determine phenotypic and genotypic probabilities of 

 offspring. 
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Defining important genetic terms, including dihybrid cross, monohybrid cross, phenotype, 

genotype, homozygous, heterozygous, dominant trait, recessive trait, incomplete dominance, 

codominance, and allele 

Interpreting inheritance patterns shown in graphs and charts 

Calculating genotypic and phenotypic percentages and ratios using a Punnett square 

 

8. Identify the structure and function of DNA, RNA, and protein. 

Explaining relationships among DNA, genes, and chromosomes 

Listing significant contributions of biotechnology to society, including agricultural and medical 

practices Examples: DNA fingerprinting, insulin, growth hormone 

Relating normal patterns of genetic inheritance to genetic variation Example: crossing-over 

Relating ways chance, mutagens, and genetic engineering increase diversity Examples: insertion, 

deletion, translocation, inversion, recombinant DNA 

Relating genetic disorders and disease to patterns of genetic inheritance Examples: hemophilia, 

sickle cell anemia, Down’s syndrome, Tay-Sachs disease, cystic  fibrosis, color blindness, 

phenylketonuria (PKU) 

 

9. Differentiate between the previous five-kingdom and current six-kingdom 

   classification systems. 

Sequencing taxa from most inclusive to least inclusive in the classification of living things 

Identifying organisms using a dichotomous key 

Identifying ways in which organisms from the Monera, Protista, and Fungi kingdoms are 

beneficial and harmful Examples: beneficial—decomposers, harmful—diseases 

Justifying the grouping of viruses in a category separate from living things 

Writing scientific names accurately by using binomial nomenclature 

 

10. Distinguish between monocots and dicots, angiosperms and gymnosperms, and 

 vascular and nonvascular plants. 

Describing the histology of roots, stems, leaves, and flowers 

Recognizing chemical and physical adaptations of plants Examples: chemical—foul odor, bitter 

taste, toxicity; physical—spines, needles, broad leaves 

 

11. Classify animals according to type of skeletal structure, method of fertilization and 

reproduction, body symmetry, body coverings, and locomotion. Examples:skeletal 

structure—vertebrates, invertebrates;  

fertilization—external, internal; 

reproduction—sexual, asexual; 

body symmetry—bilateral, radial, asymmetrical; 

body coverings—feathers, scales, fur; 

locomotion—cilia, flagella, pseudopodia 

 

12. Describe protective adaptations of animals, including mimicry, camouflage, beak 

 type, migration, and hibernation. 

Identifying ways in which the theory of evolution explains the nature and diversity of organisms 

Describing natural selection, survival of the fittest, geographic isolation, and fossil record 
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13. Trace the flow of energy as it decreases through the trophic levels from producers 

 to the quaternary level in food chains, food webs, and energy pyramids. 

Describing the interdependence of biotic and abiotic factors in an ecosystem Examples: effects 

of humidity on stomata size, effects of dissolved oxygen on fish respiration 

Contrasting autotrophs and heterotrophs 

Describing the niche of decomposers 

Using the ten percent law to explain the decreasing availability of energy through the trophic 

levels 

 

14. Trace biogeochemical cycles through the environment, including water, carbon, 

 oxygen, and nitrogen. 

Relating natural disasters, climate changes, nonnative species, and human activity to the dynamic 

equilibrium of ecosystems Examples: natural disasters—habitat destruction resulting from 

tornadoes; 

climate changes—changes in migratory patterns of birds; 

nonnative species—exponential growth of kudzu and Zebra mussels due to absence of natural 

controls; 

human activity—habitat destruction resulting in reduction of  biodiversity, conservation 

resulting in preservation of  biodiversity 

Describing the process of ecological succession 

 

15. Identify biomes based on environmental factors and native organisms. Example: 

 tundra—permafrost, low humidity, lichens, polar bears 

 

16. Identify density-dependent and density-independent limiting factors that affect 

populations in an ecosystem. Examples: density-dependent—disease, predator-prey 

relationships, availability of  food and water; density-independent—natural disasters, 

climate 

Discriminating among symbiotic relationships, including mutualism, commensalism, and 

parasitism 
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Appendix G 

Pre- and Post-Test Questions 

 

 4
TH

 Semester Pre- and Post-Test (Holt, Rinehart, & Winston. 2004) 
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Appendix H 

Sample Standards Test 
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Appendix I 

 

Lab Activities 

 

Lab 1 

Traditional Class did a paper and pencil activity, Inquiry Group performed the following: 

 

Growing Seeds in a Bag 

Objectives: 

• Student will demonstrate knowledge of how seeds grow into plants. 

• Student will identify parts of the plants as they grow: leaves, stems, roots 

• Student will compare and contrast monocot and dicot seed growth. 

Materials: 

• One Zip-lock bag per team 

• Two monocot and two dicot seeds per group 

• One wet paper towel per group 

• Permanent marker 

• Tape 

Instructions: 

• Use marker to write team’s name on their individual ziplock bag. 

• Fold wet paper towel to fit at the bottom of each bag. 

• Allow students to place seeds inside wet paper towel then place in the ziplock 

bag. Seal the bag. 

• Use tape to fasten bags onto a vertical surface that receives light. 

• Each group will record observations daily on seed growth and development including 

measurements and comparisons between types of seeds.  

 

Day 1  

 

Day 2  

 

Day 3  

 

Day 4  

 

Day 5  

 

Day 6  

 

Day 7  

 

Day 8  

 

Conclusions  



 

 89 

 

 

 

Lab 2 

Both Classes performed parts 1-3, Inquiry Group also performed part 4. 

FLOWER ANATOMY 

PRE- LAB 

Write the pre-lab question and your answer on the student data sheet. 

BACKGROUND 

Angiosperms are vascular plants (have water and nutrient conducting structures) that produce 

flowers.  Flowers contain the plant’s reproductive organs, and are also where seeds will be 

produced.  There are four main parts to a flower; the calyx, the corolla, the androecium and the 

gynoecium. The calyx consists mainly of the sepals and is found below the petals.  It provides 

early protection for the growing floral structures.  The androecium is the male part of the flower 

called the stamen.  It consists of a stalk called the filament and a structure located at the top of 

the filament called an anther, which produces pollen, the male sex cells (sperm).  In Latin 

androecium means “male house”.  The gynoecium is the female part of the flower, and is called 

the pistil.  The pistil consists of a sticky top, or stigma, to which pollen adheres, the style which 

is a stalk-like structure connecting the stigma to the ovary, and the ovary.  The ovary is the 

swollen part at the bottom of the pistil.  When pollen lands on the stigma it grows a pollen tube 

down the style and into the ovary.  The ovary contains ovules (eggs) that will develop into seeds 

once fertilized by the sperm from the pollen.  The ovary will swell and mature to become the 

fruit.  

A flower that possesses the four major floral parts: the calyx (the sepals), the corolla (the petals), 

the androecium (stamens) and the gynoecium (pistil) is said to be a complete flower.  

Additionally, flowers may be either perfect (containing both stamens and pistils) or imperfect 

(having either stamens or pistils).   

Flowering plants are classified as either monocots or dicots.  There are several characters that are 

useful in determining whether a plant is a monocot or a dicot.  The first structure that grows 

upward from a seed is called the seed leaf or cotyledon.  The seeds of Monocots have one 

cotyledon and Dicot have two.  Monocot leaves have parallel veins; dicot leaves have netted 

veins (though there are exceptions).  The root system of a monocot is fibrous.  The root system 

of a dicot consists of a central taproot with lateral roots and root hairs.  Monocot flowers have 

parts in multiples of 3, while dicot flowers have parts in multiples of 4 or 5.   

 SAFETY 

Use caution when working with scissors and wire cutters. 

 

MATERIALS 

artificial and real flowers 

(monocot & dicot) 

floral wire 

wire cutters 

glue 

beads 

colored paper 

scissors 

covered wire 

small pom poms 

pipe cleaners 

floral tape 

plastic straws 

transparent tape  (both 

double and single sided) 



 

 2 

paper or foam plates 

PROCEDURE 

Part 1. 

Obtain a real flower.  Locate the list of floral structures for real flowers #1 and #2 on the 

Student Data Sheet; indicate the presence, type, and/or number of each item on the lists.  

Carefully, remove each of the structures above.  Tape them to a sheet of paper and label by 

name and how many of each structure is present.   

 

Part 2.  

Obtain an artificial flower.  Use your flower to answer Part 2 on the student answer sheet. 

Part 3.   

Now that you have examined some real flowers and seen how artificial ones are constructed 

it is time to build your own!  Determine what type of flower you will make and fill out your 

Flower Design Plan.  Use the Flower Pollination chart to help you decide what colors, shapes 

and other attributes you flower needs to have.  When you have finished filling out your 

design plan your teacher must approve it.  Obtain construction materials and construct a 

paper model of your flower using the suggestions below.   

 

Stem—Select a straw, large pipe cleaner or wire to be the stem and receptacle. 

 

Calyx—Can be cut from construction paper or a small paper or foam plate.  Make a hole for 

the stem to go through and tape or glue the calyx to it. 

 

Corolla—Can be made tubular (fused petals) or individual petals can be cut out and taped or 

glued to the calyx and stem.  If cutting out individual petals, be sure to leave a tab of paper 

that you can use to glue or tape it  to the stem/calyx . 

 

Pistil—Can be constructed by gluing a bead or pom-pom to the end of a soda straw or pipe 

cleaner (do not cut them off).  Set aside to dry while you prepare the other parts. 

 

Stamen(s)—Can be constructed by gluing a tiny bead or pom-pom to the end of a 2-3-inch 

piece of wire or pipe cleaner. Set aside to dry while you prepare the other parts. 

 

Don’t forget to add a label with your name to the stem with tape! 
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STUDENT DATA SHEET   NAME: ____________________________ 

 

FLOWER ANATOMY   DATE: _____________________________ 

 

PRE- LAB 

Question: 

 

Answer: 

 

Part 1. Real Flowers 

 

Flower #1      Flower #2 

leaf (netted or parallel?)         _____  leaf (netted or parallel?)        _____ 

sepals (how many?)             _____  sepals (how many?)           _____ 

petals (how many?)            _____  petals (how many?)           _____ 

pistil (how many?)             _____  pistil (how many?)           _____ 

style               _____  style                                       _____ 

stigma                      _____  stigma              _____ 

ovary                                      _____  ovary              _____ 

stamen (how many?)             _____  stamen (how many?)            _____ 

filament             _____  filament             _____ 

anther               _____  anther              _____ 

pollen               _____  pollen              _____ 

monocot or dicot?             _____  monocot or dicot?            _____ 

complete or incomplete?        _____  complete or incomplete?       _____ 

 

Part 2. Artificial Flowers 

Type of flower (rose, lily, etc.) ____________________ 

 

Is it a monocot or dicot? _____________________ 

 

Is it complete or incomplete? _____________________ 

 

Is it perfect or imperfect?  _____________________ 

 

What parts is it missing?

 _____________________________________________________ 
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STUDENT DATA SHEET   NAME: ____________________________ 

 

FLOWER ANATOMY   DATE: _____________________________ 

 

Part 4 ANALYSIS: 

 

1.  Draw and label the major structures in a typical monocot and dicot flower (sepals, 

     petals, pistil, stamen,). Label the individual parts of the pistil and stamen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  What is the main function of a flower? 

 

 

3.  How would you recognize a perfect flower? 

 

 

4.  What does a complete flower have that an incomplete flower doesn’t have? 

 

 

5.  How would you tell the difference between a dicot flower and a monocot flower? 

      

 

6.  How do pollination and fertilization differ? 

 

 

7.  To what part of a flower are many people allergic? 

  

 

8.  What organism(s) might pollinate the flowers (both the real and artificial) you examined?  
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STUDENT DATA SHEET   NAME: ____________________________ 

 

FLOWER ANATOMY   DATE: _____________________________ 

 

1.  Define the following terms. 

 Anther 

 

 Calyx 

 

 Carpel 

 

 Complete flower 

 

 Corolla 

 

 Dicot 

 

 Filament 

 

 Imperfect flower 

 

 Incomplete flower 

 

 Monocot 

 

 Ovary 

 

 Ovule 

 

 Perfect flower 

 

 Pistil 

 

 Sepal 

 

 Stamen 

 

 Stigma 

 

 Style 
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Lab 3 

Both Classes performed parts A and B, Inquiry Group also performed Going Further 

Tree GROWTH RINGS 

PRE-LAB 

Complete the Tree Ring Handout activity 

 

BACKGROUND 

Dendrochronology or tree-ring dating is an absolute dating technique using the growth rings 

of trees to determine the average age of a stand of trees. It is used to determine the age of 

wooden objects and wooden components of buildings at archaeological sites. A specific date 

for each growth ring can be assigned based on a characteristic pattern produced by 

alternating wet and dry years. 

Forestry workers use an instrument called an increment borer to obtain core samples from 

trees in a particular area. The increment borer is twisted ½ the diameter through the tree and 

then removed. This removes a core sample approximately 0.5 cm in diameter. The hole 

produced is then plugged in order to prevent infection in the tree. This core can then be used 

to look at the growth of the tree.  By counting the number of xylem rings in this tree and 

other trees in a given area, the average age of a stand of trees is determined. Wet and dry 

years can be identified by examining the ring produced in the growing season (the spaces 

BETWEEN THE DARK LINES); this is also called "early wood" or "spring wood". Thicker 

rings indicate different growing conditions for the tree each year.   Rainfall is the most 

important factor affecting growth but other factors such as competition with other trees, 

insect or disease damage, and nutrient availability can affect ring size. 

Archaeologists often use tree rings to help determine the age of structures and objects made 

of wood. A sample of the wood is obtained and the xylem pattern is compared with a master 

chart dating back several hundred to even several thousands of years (this is known as cross-

dating). Comparing the wet-dry year sequences in the sample to this chart can accurately date 

the age of the dwelling or object. In some cases tree ring dating is more accurate than carbon 

dating.  

Climatologists also use tree rings to investigate what weather was like before people started 

keeping records.  By cross dating they can extend the weather patterns far into the past.  In 

some areas of the country these tree ring “weather records” extend back 10,000 years! 

 

SAFETY 

Carefully use sharp scissors. 

MATERIALS 

Scissors 

Glue 

1 simulated tree core sample from a tree - marked A 

1 simulated tree core sample from a forest ranger’s cabin - marked X 

.   

 

PROCEDURE 
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Part A: Core Sample A 

1. Obtain tree core sample marked A.  Core A is a copy of a core sample taken from a 

tree in 2005. Compare it to the diagram on the Student Data Sheet. 

2. Remember, each SPACE BETWEEN two dark lines is one annual ring and represents 

one year of growth.  When counting growth rings, don’t count the pith or the bark as 

these are NOT annual rings. Use core sample A to answer the questions on the 

Student Data Sheet.   

 

 

Part B: Cross-dating Core Sample X 

1. Core sample X was taken from a log from the roof of a forest ranger’s cabin.  Use 

this core sample and core sample A to complete the questions in Part B of the 

Student Data Sheet.   

2. Match the two samples so that the corresponding years of growth will be aligned 

(see your data sheet for an illustration). 

 

Going Further: 

1.  Obtain a cross-section from a tree cut down on a known date, such as a Christmas tree.   

a. Count the growth rings and answer the questions on your data sheet.  

b. If the cross-section is large enough, use colored straight pins to mark the annual rings 

that correspond to important dates in your past such as: 

1) the year you were born. 

2) the birth years of your parents and or brothers and sisters. 

3) the year you started school 

4) the year your school was built. 

 

2.  Complete the Reading Rings Worksheet. 
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TREE RING HANDOUT               

Name________________   

Pd/Block_____Date____ 

Directions: Cut out the core samples labeled A-C at the bottom of this page and determine 

which one came from this tree.  Only one will match.  Be sure that you do not cut off the 

letter or dates on the core samples. Match the core sample to the tree ring sample by laying 

the core sample across the tree ring sample.  Be sure that the core sample does not go further 

than the core of the tree. Use glue to secure in place. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STUDENT ANSWER SHEET 

Tree Growth Ring                  

Name___________________      Pd/Block___Date______ 

Part A: Core Sample A 

 

1. If the last annual ring represents the growth of the tree during 2005, determine what 

year is represented by the first annual ring?       
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2. How old was the tree in the year you were born?   

Can you determine whether the year of your birth was a wet or dry year? Explain. 

 

 

3. Was 1960 a wet or dry year?  

 

Part B: Core Sample X 

 

       1.  Core sample X was taken from the roof of a ranger’s cabin.  Count the number of 

annual rings on this  sample to determine the age of this tree when it was cut down.  How old 

was the tree?  

 

 

2. What year did the tree from which core sample X was taken begin its growth?  

 

 

3. The forest ranger’s cabin was built in the same year that the tree was cut down. What 

year was that?  

 

 

4. Was the cabin built during a wet year or a dry year?    

  How do you know?  

 

             

5. The forest ranger that lived in this cabin died in 1970.  How many years did he live 

in the cabin before he died?  

 

 

Going Further: 

 

6. How old was the tree when it was cut down? __________. 

 

7. What year did the tree begin growing? __________. 

 

 

ANATOMY OF TREE BOLE 
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Bark – the hard outer covering of a tree; all the tissues of a stem or root from the cambium 

outward 

Bole – the trunk of a tree 

Cambium – a lateral meristem that gives rise to secondary tissues, the vascular cambium 

giving rise to secondary xylem and secondary phloem, the cork cambium giving rise to the 

periderm (cork and inner cork cambium) 

Inner bark – portion of wood between the outer bark and the cambium 

Sapwood – the young xylem of a tree comprised of annual rings, usually more active 

physiologically and lighter in color than the heartwood 

Heartwood – the older central part of the xylem of a tree, usually darker in color than the 

sapwood 
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READING RINGS HANDOUT                Name________________   

 

Pd/Block_____Date____ 

Directions: Carefully observe the rings on this worksheet and match them to the events on 

the opposite side. There may be more than one answer for each event. 
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Lab 4 

Traditional Class did activity as a class demonstration and discussion, Inquiry Group 

performed the following as a lab: 

 

Planarian Regeneration Lab 

 

Student Name _____________________ Date __________________ Period  _________ 

Title of Lab:  ____________________________________________________________ 

Purpose:  ________________________________________________________________ 

Hypothesis:  _____________________________________________________________ 

 

Materials per Group: 

Planarian 

2 petri dishes 

Coverslip/scalpel 

Paper towel 

Spring water 

Magnifying glass 

Ruler 

Pipette 
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Procedure  

1. Number the bottoms of 2 of the petri dishes fill halfway with spring water, and set aside.  

2. Using a plastic transfer pipette, transfer a planaria into an unlabeled empty petri dish.  

3. Optional: Soak up excess water with a paper towel. Limiting the amount of water can 

reduce the mobility of the planaria and facilitate the next step. Be careful not to touch the 

planaria—they will stick to the paper and could then die.  

4. Using the plastic coverslip, cut the planaria into two pieces at one of the three spots 

indicated on the diagram on the right. Planaria can move rapidly. Cutting them in a 

precise location can be difficult. Some people find it useful to try to cut using a 

magnifying glass or, if available, a dissecting microscope. Cooling the worm water and 

the cutting dish with ice can help slow the worms down.  

5. Using a transfer pipette, gently transfer the tail fragment into the corresponding numbered 

petri dish (i.e., if you cut at spot 1,then transfer the tail fragment into dish 1).  

6. Repeat steps 2 through 5 with the remaining worms until you have at least three or four tail 

fragments of each of the three cutting positions.  

7. Save all the head fragments in the cutting dish with some spring water.  

8. On the data form or your notebook, record the time and room temperature when you 

finished cutting all the planaria.  

Observations: 

Day/Date:  ___________________ Time:  __________ Room Temperature:  ___________ 

Cutting Position Length of Tail Fragment (mm) Length of Head Fragment (mm) 

1 

 

   

2 

 

  

3 

 

  

Day Zero Questions: 

Day Zero  

What environmental variables do you think may influence regeneration?  

After you cut the planaria, how does the mobility of the tail fragments compare with the mobility 

of the head fragments? Do they move the same or differently? If they move differently, why do 

you think that is?  

Do you think the head fragments prefer light or shade? How could you test this?  

1.   

2.   

3.   

Indicate the day each tail fragment developed photoreceptors in the column under the cutting 

position.  Include/Share class data for those periods indicated for your class period.  

Period Position 1 Position 2 Position 3 

1 

 

Day ______ 

 

Day ______ 

 

Day ______ 
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3 

 

Day ______ 

 

Day ______ 

 

Day ______ 

5 

 

Day ______ 

 

Day ______ 

 

Day ______ 

 

If a tail fragment did not survive, indicate death of the tail fragment by putting a --- or DNS (did 

not survive) under the cutting position number. 

Final Day Questions: 

Final Day  

Did all the tail fragments regenerate photoreceptors? If not, which fragments did not?  

Did all the tail fragments regenerate photoreceptors at the same rate? If not, which were slower 

and which were faster?  

What does the relative rate of appearance of photoreceptors in the different tail fragments tell 

you about the regeneration ability of different sections of the worm?  

Did you notice a change in mobility in the tail fragments over time? What about the head 

fragments?  

How could you test whether the regenerated photoreceptors are functional? Do you think 

photoreceptors are functional before, as soon as, or sometime after they become visible? Why?  

How could testing photoreceptor function be useful in measuring the rate of head regeneration in 

tail fragments?  

As the days went by, what did you notice about the color of the regenerating tissue? 

1. 

2. 

3. 

4. 

5. 

6. 

 

 Lab 5 

Traditional Class did standard worm dissection. Inquiry Group performed the following as a lab 

along with standard worm dissection: 

Modeling Movement 

How Do Worms Move? 

Introduction 

We can move from place to place because our muscles are attached to long levers (bones) and 

we apply a force to the levers when our muscles contract. An earthworm doesn’t have bones 

(levers). How does a worm get from one place to another? Studentscan collect data and 

formulate their own model of how an earthworm moves. 

Concepts 

• Classification of living organisms • Animal behavior • Anatomy and physiology 

Materials 

Live earthworms   Preserved specimens, earthworm 

Paper towels    Dissection pans or other large, flat containers 

Dissecting pins   Scalpels 

Safety Precautions 
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Wear chemical safety glasses, as well as chemical-resistant gloves when performing dissection 

activities. Wash hands thoroughly with soap and water before leaving the laboratory. 

Procedure 

1. Provide each lab group with a live earthworm. Use a dissection pan, lined with wet paper 

towels. Instruct students to observe the earthworm carefully as it moves across the bottom of the 

container on the paper toweling. Give students time to observe the worms carefully, discuss the 

movement of the worms, and write a preliminary explanation for how they think an earthworm 

moves from one place to another. 

2. Have students dissect a preserved earthworm.  Carefully cut through the body wall of the 

worm lengthwise. Open the body cavity of the worm and examine the inside of the worm. Locate 

the muscles on the inside of the body wall. They will appear as a layer of whitish tissue against 

the body wall. 

3. Have students view a picture or slide of the cross section (x.s.) of an earthworm. Students 

should see two circles of tissue, one inside the other. The smaller, inner circle is the gut in cross 

section. The outer circle is the body wall and its muscles. Look at the larger, outer circle in more 

detail. Immediately under the cuticle (skin) on the outer surface circular lines will be visible. 

These are the circular muscles in x.s.  Inside this set, thicker pads of somewhat spongy-looking 

material will be visible. These are the longitudinal muscles in x.s.  

4. Return to the dissected earthworm. Using forceps pick into the whitish material on the inside 

of the body wall. Note that it is fibrous and that the fiber runs longitudinally along the length of 

the body. Gradually pick your way through this thick layer until a layer of fibers is found that 

runs transversely around the body. Combining the dissection work and the slide examination, it 

can be discovered that the earthworm has two sets of muscles—one set running the length of the 

body (longitudinal muscles) and one set running around the body (circular muscles). 

5. Have a student feel the surface of a live worm and describe it to the class. The student will feel 

the “bristles” along the dorsal and ventral surfaces of the anterior part of the worm. These bristle-

like structures are called seta (pl. setae). Have the volunteer describe the feel of the setae while 

rubbing the worm in different directions. 

6. Now provide students with the following list of facts/data: 

a. Muscles only contract (shorten) and relax (return to original length), they do not 

expand or get longer. 

b. Circular muscles around the earthworm can contract and squeeze the body. 

c. Circular muscles around the earthworm can relax (returning the body to its original 

“fatness”). 

d. Longitudinal muscles can contract and shorten the length of the body of the earthworm. 

e. Longitudinal muscles can relax, returning the worm to its original length. 

f. Setae (bristles) provide friction on a crawling surface. 

g. Setae are retracted during circular muscle contraction. 

h. Setae are extended when circular muscles are relaxed. 

7. Have students revisit their earlier written explanation and revise their explanation in light of 

the new discoveries. Have them describe in as much detail as possible the sequence of events 

that can explain how an earthworm can move from one place to another. 
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Lab 6 

Traditional Class did standard frog dissection. Inquiry Group performed the following  

extension along with standard frog dissection: 

Post Lab Questions 

1. The membrane holds the coils of the small intestine together:  ________________ 

2. This organ is found under the liver, it stores bile:  ______________________ 

3. Name the 3 lobes of the liver:  ____________,  _______________, ______________ 

4. The organ that is the first major site of chemical digestion:  ____________________ 

5. Eggs, sperm, urine and wastes all empty into this structure:  ___________________ 

6. The small intestine leads to the:  ____________________ 

7. The esophagus leads to the:  _______________________ 

8. Yellowish structures that serve as an energy reserve:  ____________________ 

9. The first part of the small intestine (straight part):  _______________________ 

10. After food passes through the stomach it enters the:  ____________________ 

11. A spiderweb like membrane that covers the organs:  ______________________ 

12. Regulates the exit of partially digested food from the stomach:  ________________ 

13. The large intestine leads to the __________________ 

14. Organ found within the mesentery that stores blood:  _____________________ 

15. The largest organ in the body cavity:  _____________________ 

16. Describe a frog's life cycle including why it must return to the water for mating? 

17. Does a frog go through complete metamorphosis why or why not? 
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Label the Diagram 

A. __________________________________ 

B. __________________________________ 

C. __________________________________ 

D. __________________________________ 

E. __________________________________ 

F. __________________________________ 

G. __________________________________ 

H. __________________________________ 

I. __________________________________ 

J. __________________________________ 

K. __________________________________ 

L. __________________________________ 

M. __________________________________ 

N. __________________________________ 
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Lab 7 

Traditional Class did standard pig dissection. Inquiry Group performed the following  

extension along with standard pig dissection: 

Post Lab Questions 

1. The membrane over the heart:  ________________ 

2. Compare and contrast the amount of fat bodies in the frog to the fat bodies in the fetal 

pig.___________________________________________________________________ 

3. Was there food in the stomach of the pig? Why or why not?  

______________________________________________________________________ 

4.  Compare and contrast the way that frogs and pigs make sounds:  

______________________________________________________________________ 

5. Describe a pigs life cycle how does it differ from a frog? 

______________________________________________________________________ 

6. What are the advantages and disadvantages of live birth and parental raising vs egg and 

no parental care? 

______________________________________________________________________ 

Label the Diagram 
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Appendix J  

IRB Approval 

 


