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ABSTRACT

Desiring to examine the performance of science process skills such as data analysis and
conclusion synthesis in sixth grade Life Science students, I used an inquiry strategy called
“guided inquiry” in a series of six laboratory assignments during the normal county-mandated
order of instruction for Life Science. I based my analysis upon these laboratory exercises, a
survey of student attitudes towards science done before the study began and after the study
completed, an assessment of inquiry understanding done before and after the study was finished,
routine material tests, and a science final class evaluation done after the study was finished.
Emphasis was placed upon examining the content of the laboratory reports which required
students to analyze their experiments and draw a conclusion based upon their findings. The study
found that while most students did grasp the desired scientific principles the labs were designed
to teach, they had difficulty in formulating a structured and detailed account of their experiences
without guidance. The study helped to further understanding of student performance and learning

in science process skills such as data analysis and conclusion synthesis.

i1



ACKNOWLEDGMENTS

I would gratefully like to acknowledge the support, encouragement and patience of the
faculty and staff at the Lockheed Martin/UCF Academy in helping and occasionally pushing me
to finish this Master’s Degree. The wisdom, insight and experience of the Lockheed Martin/UCF
Academy faculty has profoundly influenced me professionally. I particularly would like to
thank my advisor Dr. Juli K. Dixon for her incredible devotion to the teaching profession and
this university. I would like to thank Dr. Robert Everett for being my chair, and for his patience,
advice, and help in seeing me through this all consuming endeavor. I would also like to thank Dr.
David Boote and Dr. Lewis Blessing for being on my committee as well as their patience,

encouragement and help in finishing this lengthy project.

v



TABLE OF CONTENTS

CHAPTER ONE: INTRODUCTION.......ooittiiiitiaieniienieeieetteie sttt st 1
RAtionale fOT STUAY ...cocuviiieiiieie et e e e e e st e e sebe e e s sbeeesaseeenneas 1
PUrpose Of the StUAY ....veeeiiiiieie e et 3
Guiding Principles 0f the StUAY .......cc.ooeiiiiiiiiieic e 4
F N 01001 015102 SRR 5
LAMIEALIONS ..ttt ettt et eb ettt s bt et e st e s bt et eatesbe e bt ea e sbeebe et e nbe et 5
DIEIMITALIONS ..ottt ettt sttt et e b et eat e s bt e bt e st e sbeenteeetesaeebeentesbeenbeeneenbeentens 6
DITINIEIONS. .. .eeiiiieciie ettt et et e et e e st e e e be e e s aaee e saeeessseesssseesssseesssseeasseeessseeensseeenssens 6
SignIficance OF STUAY .....ceieviiiiiieiieeeeeee ettt et e et e e e eaaeesbeennnas 8
01000 10 2RSSR 10

CHAPTER TWO: LITERATURE REVIEW ....coooiiiiiiiiieceeeeeeee et 12
INEEOAUCTION ...ttt ettt ettt e bttt et e bt e bt et e sbeebeenee e 12
A Framework for Scientific INQUITY ......c.oooiieiieiieiiieiieceeeeee e e 12
How Students Learn SCICNICE .......ccveieiuiieeiiieciieeeiie et steeertee et e et eeaaeesaaeesreeesareeenseeennns 16
Developing Scientific Reasoning in Children.............ccoooiiiveiiiieiiieeieeeeeeeee e 19
How Students Reason from Data..........cocoiiiiiiiiiiiiieeeeeeee e 21
Developing Science Process Skills in StUdents ..........ccceeviieiiiniiiiienieeiere e 26
SUMIMATY ...ttt et ettt e et e e bt e sttt e s bt eesabeeesabteesabeeesabeeesnbeesnnseesneeas 31

CHAPTER 3: METHODOLGY ....oottiiiiiieiteieetet ettt sttt st nees 35
INEEOAUCTION ...t ettt ettt e e bt e s it e e bt esebe e beesnbeenbeesnaeenseens 35
Design 0f the StUAY .....c.eoiiiie et et 36
1151 LRSS 38
PrOCEAUIES ...t ettt ettt e et e s it e e bt e sabe e beesnbeeabeesnaeenneens 39
Methods of Data CollECHION ........eeciiiiiiiiieiieeie ettt et et e eaeennee 44
Methods 0f Data ANAlYSIS.....ccccuiiiiiieiiiieeiiieeite et e et e e e et e e e e e ssbeeessseeesaseeensseeennns 46

CHAPTER 4: RESULTS ...ttt sttt sttt sttt 48
INEEOAUCTION ...ttt b ettt et et sbe e b 48
EmeErging TREMES ......cccuviiiiiieiie et et e e et e e s b e e s nbeeesaseeenseeennes 48
Data and Analysis of Student SCIENCE SUIVEYS ......cccuieriieriieriieiiieiieeie et eeeeieeeiteeveeseeeiens 52
Data Analysis of the Final Class Evaluation.............ccocieriiiiiiniieiieeieeiee e 58
Data Analysis of the INqUITy ASSESSMENTS........cceccuiieiiieeiiieeieeeiiee et e eireeereeesreeeereeesnaee e 61



Analyzing the Laboratory EXEICISES .......c.ceviiriieiieiiieiieeie ettt eee et saeeieesiveebeessaeenseens 62

Data Analysis 0f the Chapter TSt ......c.eiviiiiiiiieciie et eeeaee e 64
Learning to ANalyzZe Data ..........ccocviiiiiiiiiiiie ettt e st sre e e ae e e e e ennee e 65
Learning to Synthesize CONCIUSIONS..........cciieiieiiieriieiieeie et ete et eee et seeereeesaeebeesereenseens 66
Learning Content Material..........ccocuiiiiuiiieiiieeiii ettt e et e s e e aeeesareeesaee e 67
CHAPTER 5: CONCLUSIONS ...ttt ettt ettt ettt et e st entesneenaeensaeneeneas 68
INEEOAUCTION ...ttt ettt et sb et et e bt et et esbeebeeaee e 68
Performance in Analyzing Data............cooiiiiiiiiiiiiee e 70
Performance in Conclusion SYNthESIS ........ccceriiriiiiiriiiiiiincieeetenie e 71
DIISCUSSION ...ttt ettt ettt et e e e st e bt e et e s bt et e s et e sbeenbeeseesbeenbeeatesseenbeentesbeensesneenne 73
ReECOMMENAALIONS ..ottt et ettt et e e st e et e ete e beesateebeesneeenseens 74
APPENDIX A: IRB APPROVAL LETTER .....octiiiiiiieieeeeeee et 75
APPENDIX B: SCIENCE SURRVEY APPROVAL.......oociiiiiiiieeeeeeeeseeee e 77
APPENDIX C: SCIENCE SURVEY ..ottt 79
APPENDIX D: INQUIRY ASSESSMENT .....oooiiiieiiiieiteeeeee ettt 82
APPENDIX E: CLASS EVALUATION ..ottt 88
APPENDIX F: DIFFUSION LABORATORY EXERCISE .......coooiiiiiiiieieeiieie e 91
APPENDIX G: OSMOSIS LABORATORY EXERCISE ......cocccoiiiiiiiiiiinieniceeeneeeee 95
APPENDIX H: RESPIRATION LABORATORY EXERCISE .......cccceviiiiiiiieieieiceeeeene 100
APPENDIX I: CELL MEMBRANE LABORATORY EXERCISE.......cccccceiiniiieiirieneenene 106
APPENDIX J: CHAPTER TEST ...ttt sttt 111
LIST OF REFERENCES ...ttt et s 114

vi



LIST OF TABLES

Table 1: Pre-Science Survey of Student Perceptions about Inquiry Learning............cccccveeenneenne 53
Table 2: Post-Science Survey of Student Perceptions about Inquiry Learning..............ccccc....... 54
Table 3: Pre-and Post-Science Surveys of Student Inquiry Learning............ccccceeeeevieeviienneennnens 56
Table 4: Pre-Science Survey of Student Perceptions about Working with Others...................... 57
Table 5: Post-Science Survey of Student Perceptions about Working with Others .................... 57

Table 6: Pre-and Post-Science Surveys of Student Perceptions about Working with Others ..... 58
Table 7: Class Evaluation of Student Perceptions about Help Received in Class Activities ...... 59
Table 8: Class Evaluation of Student Perceptions about Help Received in Learning Skills...... 60
Table 9: Class Evaluation of Student Perceptions about Help Received in Improving Tasks ... 61
Table 10: Pre-and Post-Inquiry Assessments of Student Inquiry Learning in Problem Solving.. 62
Table 11: Analysis of Inquiry Processes Required in Lab EXercises .......c.cccoceeveevierienienienneenne. 64
Table 12: Analysis of Test Questions Relating to Science Concepts in Labs ..........cccceeeeennenee. 65

vil



CHAPTER ONE: INTRODUCTION

Rationale for Study

“A sound grounding in science strengthens many of the skills that people use every day, like
solving problems creatively, thinking critically, working cooperatively in teams, using
technology effectively, and valuing life-long learning” (National Research Council, 1996, p. ix).

Inquiry based teaching in science is currently being adopted nationwide in many school
districts as the best method to teach science at all levels. The local school district is no exception.
A full inquiry based course has already been trialed and instituted in seventh-grade for Physical
Science. A trial for an inquiry based course in Life Science for sixth-grade was begun in 2009
in several schools. If successful, this course will be instituted throughout the county for
sixth-grade Life Science. The push away from traditional methods of teaching science to
teaching science using inquiry based methods is sanctioned by the National Research Council as
the way to improve national science literacy in the United States (National Research Council,
1996).

In 1996 the National Research Council authorized and funded a study called the National
Science Education Standards through a branch committee known as the National Committee on
Science Education Standards and Assessment. This report is referred to as the Standards in
this study. The National Research Council describes the Standards as a blueprint for radical
change in American schools. The Standards described a new way of teaching and learning
science that is finally patterned after how science is actually done. Inquiry based teaching is

promoted by the Standards as a way of gaining knowledge and understanding about the real

world. The Standards also advocates dramatic changes in content material, assessment of student



performance, teacher education and continuing teacher education, and in the relationships
between schools and the rest of the community, which includes the nation’s scientists and
engineers. The Standards champions making scientific knowledge, understanding and ability a
primal part of the educational process because science has become a central part of our
technology-driven society (National Research Council, 1996).

Inquiry as a method for teaching science figures prominently in the Standards as the premier
method to improve science learning in the United States (National Research Council, 1996).
Inquiry is defined in the Standards as going beyond the traditional method of teaching
science, which emphasized the memorization of facts. The National Research Council (1996)
stated that:

Students at all grade levels and in every domain of science should have the opportunity

to use scientific inquiry and develop the ability to think and act in ways associated with

inquiry, including asking questions, planning and conducting investigations, using appropriate

tools and techniques to gather data, thinking critically and logically about relationships
between evidence and explanations, construction and analyzing alternative explanations, and

communicating scientific arguments. (p. 105)

My action research focused on the ability of sixth-grade science students to logically analyze
data from their guided inquiry based laboratory experiments, ascertain any relationships between
experimentally derived data, and synthesize a conclusion which explained how the data occurred.
The ability to reason, which includes the ability to think critically and logically about the
relationships between evidence or data and the explanation behind how this evidence came into
being, is crucial to understanding not only science but life itself. People must have the ability to
reason and understand the relationships between results and actions in order to make the best

decisions possible for themselves and their loved ones. These skills are essential in science

education and critical for everyday life (National Research Council, 1996). For example, if our
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water supply is polluted by industrial toxins, we need to understand how the toxins got in the

water supply before we will be able to stop the contamination.

Purpose of the Study

Our world is becoming more complex technologically in every area from communication to
health care to education to work to life itself. According to the National Research Council our
technology-driven world is filled with the results of scientific inquiry processes and so scientific
literacy has become a necessity. Therefore the National Research Council reasons that everyone
needs to use scientifically-based information to make choices daily. Everyone needs to be able to
reason and speak intelligently in public forums and debates about important issues that involve
science and technology. All individuals should be able to share in the wonder that can come from
understanding the natural world around them (National Research Council, 1996).

The National Research Council also observed that scientific literacy is becoming increasingly
important in the workplace as more and more jobs demand advanced technological skills which
require people to be able to learn, reason, think creatively, make decisions, and solve problems.
Understanding both science and science processes contributes in an essential way to these skills.
The National Research Council notes that many countries today are investing heavily to create
scientifically and technically literate work forces. To keep pace in global markets, the United
States needs to have an equally scientifically literate and technically literate workforce (National
Research Council, 1996).

The question of whether or not inquiry can improve science thinking in the area of analyzing
data and developing an explanation for that empirical data demands an answer. This vital

question needs an answer because of the critical relationship between developing scientific



reasoning and the ability to see relationships between evidence and explanations, and the ability
to reason and see relationships between occurrences and the problems of everyday life and the
work place. Inquiry is being touted by the National Research Council as a way to develop these
skills (National Research Council, 1996). Many school districts in the United States are now
implementing inquiry based science education and abandoning traditional methods of teaching
science. Can inquiry really help the United States achieve critical science literacy, and develop a
scientifically and technically literate workforce necessary to compete in the global workplace?
Specifically, can guided inquiry based labs improve the performance in data analysis and
conclusion synthesis in sixth grade Life Science? This is a question I would like to help

answer.

Guiding Principles of the Study

The National Research Council (2002) formulated a set of guiding principles for scientific
research in education that are essentially the same set of principles found across the entire
spectrum of scientific inquiry. The following six principles for scientific research in education
are interrelated but do not have to follow the order given below:

(1) Pose significant questions that can be investigated empirically. (2) Link research to
relevant theory. (3) Use methods that permit direct investigation of the question. (4) Provide a
coherent and explicit chain of reasoning. (5) Replicate and generalize across studies.
(6) Disclose research to encourage professional scrutiny and critique. (p. 52)
These are the principles which I will use guide my action research study. I have chosen a
question that can be investigated empirically: can guided inquiry based labs improve the

performance in data analysis and conclusion synthesis in 6" grade Life Science? I will link my

research to relevant theory found in the literature. I will use the following methods: surveys,



an evaluation, laboratory exercises, inquiry assessments, and a chapter test. These will permit
direct and indirect investigation of the question. I will provide a coherent and explicit chain of
reasoning from my evidence to my conclusion. I will generalize my emerging themes, and I will

publish my results.

Assumptions

It is assumed that students participated fully and listened carefully during each laboratory
exercise, chapter test and inquiry assessment, and completed them to the best of their ability. It is
also assumed that students were honest and forthright in answering the science survey and class
evaluation. The research-teacher assumes she gave adequate time to complete each assignment

and provided the assistance that each student required.

Limitations

The laboratory exercises, chapter test, inquiry assessment and final class evaluation were all
prepared by the teacher-researcher, who attempted to write each item as clearly as possible so as
to eliminate student misunderstanding. Student misunderstanding could skew the results of the
study. The teacher-researcher performed all the grading as well as prepared and reported the
results of the study. There was no second researcher to edit her study items or check her results.

Since the researcher was also their teacher, the students may have tilted their responses in the
survey and final class evaluation more in favor of their teacher though they were encouraged to
be completely honest. Students appeared to have no apprehension in participating in the study.
Their only concern was they were not doing extra work. Their teacher-researcher assured them

they would do nothing more than what was required of other students.



A concern of the teacher-researcher was that the students appeared to have had no prior
knowledge of scientific inquiry procedures, and that this was their first experience with
having to evaluate data and draw conclusions from data. The students required a great deal
of support in the form of explaining inquiry procedures to help them to understand the inquiry

process.

Delimitations
This study was limited to a very small number of students: twelve to be exact. I recruited
students from my three largest classes so as to obtain the widest possible assortment of student
abilities. These students have abilities that vary greatly as demonstrated by their FCAT scores,
which ranged from level 1 to level 5 with one student having documented learning disabilities.
The small number of students made it easier to gather and evaluate data. The students and

teacher were all located in a rural school, with limited resources.

Definitions

According to an article written by Zimmerman (2007) the definition of scientific thinking is
the application of methods or principles of scientific inquiry to reasoning or problem-solving
situations. Scientific thinking also involves the process skills necessary to plan and execute
experiments, analyze and interpret data, draw conclusions, formulate and revise theories. When
fully developed, these scientific skills also include the ability to reflect on the process of
knowledge acquisition and change. Children’s scientific thinking involves the areas of
conceptual formation and change, the development of reasoning skills and problem solving, and

is the foundational pathway to skills needed to coordinate a complex mix of cognitive and



metacognitive abilities (Zimmerman, 2007).

Scientific inquiry as defined in the Standards refers to the diverse methods scientists use
to study the natural world, and synthesize explanations for their observations based on the
evidence derived from their work. Inquiry also refers to activities in which students develop
knowledge and understanding of scientific ideas and methods scientists use to study the natural
world (National Research council, 1996). The National Research Council (1996) states:

Inquiry is a multifaceted activity that involves making observations; posing questions;

examining books and other sources of information to see what is already known; planning

investigations; reviewing what is already known in light of experimental evidence; using tools
to gather, analyze, and interpret data; proposing answers, explanations, and predictions; and
communicating the results. Inquiry requires identification of assumptions, use of critical and

logical thinking, and consideration of alternative explanations. (p. 23)

The inquiry method utilized was “the Five Es” as developed by the Biological Sciences
Curriculum Study team in 1988 and described in an article by Robertson (2006/2007). This
particular form of inquiry is called “guided inquiry” because the teacher guides or structures
the learning experience so that students are exposed to an orderly learning process designed to
clearly demonstrate the discoverable science concepts the students are to learn. This inquiry
method can be described as having five steps: Engagement, Exploration, Explanation,
Elaboration, and Evaluation. The laboratory exercise constituted the Engagement, Exploration
and Explanation phases of this method while classroom instruction covered the remaining phases
of Elaboration and Evaluation (Robertson, 2006/2007).

The Standards define science content in a broad context as “what students should know,
understand, and be able to do in the natural sciences over the course of K — 12 education”
(National Research Council, 1996, p. 6). The Standards specifically define Inquiry Standards for

student achievement in grades five through eight as having the “Abilities necessary to do
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scientific inquiry”, and possessing an “Understanding about scientific inquiry” (National
Research Council, 1996, p.105). The Standards further define Life Science Standards for student
learning in grades five through eight as being able to understand the following subject areas:
“Structure and function in living systems”, “Reproduction and heredity”, “Regulation and
behavior”, “Populations and ecosystems”, and “Diversity and adaptations of organisms”
(National Research Council, 1996, p. 106).

Metacognition or thinking about one’s own thinking appears to be particularly important to
the scientific thinking process observes the National Research Council (2007). Knowing a
variety of cognitive strategies and being able to decide when, where and how to employ them
during an investigation is very important in developing science process skills according to the
National Research Council (2007). An awareness of one’s own limitations in knowledge, such as
knowing the difference between opinion and evidence, is important in being able to reason
within the scientific context of an investigation maintains the National Research Council (2007)

According to a book by Christmann and Badgett (2009), a correlation means there is a
relationship between two variables: it does not show that one variable caused the other. The
higher the numerical value of the correlation value, the stronger the relationship between two
variables. A positive correlation shows a relationship between two variables, while a negative

relationship shows that two variables are less likely have a relationship according to Christmann

and Badgett ( 2009).

Significance of Study

My action research studied the question “can inquiry based laboratory experiences

improve the ability of sixth-grade Life Science students to analyze data and synthesize a



conclusion for their laboratory experience that explained what occurred during their experiment”.
At the beginning and end of this study, student attitudes towards learning science were assessed
using a survey designed by C.R. Pearce (Pearce, 1999). Students were assigned inquiry based
laboratory exercises designed to complement the current topic being studied in class. The inquiry
method utilized was a form “guided inquiry” called the “Five Es”. This inquiry methodology was
used in my classroom due to the age, maturity level and science education experience of my
sixth-grade students. The laboratory exercises provided the students with opportunities for
engagement and exploration, while allowing them to analyze, evaluate, and explain their results
Robertson (2006/2007) explained the “Five Es” in his article.

Vellom and Anderson (1999) maintain that the relationship between experience with
phenomena, which is data observed or collected during laboratory experiments, and scientific
theories is ignored as a goal in both the Standards of the National Research Council and another
set of science education standards the AAAS Benchmark. Scientists are primarily engaged in a
search for patterns that explain experimental or real world phenomena, and data collection serves
as a means to this end. Vellom and Anderson (1999) also observe that both standards recognize
the importance of the relationship between experience and theory in science and science
learning, but only partially recognize the difficulty that can arise in data analysis and
interpretation due to personal and cultural biases in the researcher.

This study attempted to examine in a small way this difficult subject of data analysis,
laboratory experience, laboratory report conclusions, explanations of laboratory experiences, and
scientific concepts. My hope is that this study will add a small piece of knowledge to the

efficacy of inquiry based science instruction to improve science knowledge and the science



process skills of data analysis which is what the data tell the scientist, and conclusion synthesis
which explains why the data and results occurred as they did. By increasing the body of
knowledge in this area, school administrators will have more data available to enable them to
make more informed decisions when deciding to change teaching methods and curriculums, and
to select the best possible methods and curriculum in order to teach our children. This knowledge
will also help me to better understand the needs of my own student population, and to adjust my

practice to better serve my students and school.

Summary

As previously detailed, the rationale behind this study is to explore the possibility that guided
inquiry based science laboratory experiments can improve the ability of sixth-grade science
students to analyze data and synthesize a conclusion that explains the phenomena or data they
observed during the exercise. Inquiry based methods of teaching science are being touted by the
National Research Council as the premier teaching method that will improve science literacy in
the United States. The National Research Council (1996) maintains that science literacy is not
only a necessity on a personal level but also on a national level since both the American culture
and the World culture are now being driven technologically. A person must understand new
scientific ideas and technology for the sake of not only one’s health but to be able to obtain a job
and function in an advanced technological society. An individual must be able to think critically
and logically at all the choices that an advanced technological society makes possible and to
chose the best course not only for oneself but for other members of one’s family and society. The
United States must obtain scientific literacy in order to compete globally so as to be able to

provide for her citizens.
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On a local level I will be undertaking this research to determine if guided inquiry based
teaching methods as practiced in laboratory exercises and projects can specifically improve the
science process skills in data analysis and formulating a conclusion in sixth-grade Life Science
students in a rural middle school in the southern region of the United States. Course content and
the order of instruction are mandated by the county to remain the same so that transient students
get the same content at every school. Only the lab structure was changed to be inquiry oriented.
All lab content followed county content and order of instruction.

The instrument used was a science survey formulated by Pearce (1999) to assess student
attitudes towards science and learning science given both before the study began and after the
study ended (Pearce, 1999). Other assessments used in the study were an inquiry method
assessment designed by the teacher-researcher used to discover student knowledge of inquiry
methods taken both before the study began and after the study ended, a chapter test designed by
the teacher-researcher to measure content knowledge learned, and a final class evaluation
designed by the teacher-researcher to measure the effectiveness of various classroom practices.
The four guided inquiry laboratory exercises were taken from county laboratory exercises and
modified to fit the guided inquiry method called the “Five E’s” (Robertson, 2006/2007). The
following chapters will review the literature pertinent to this study and explain in detail the
methodology utilized, the results obtained by this study, and the conclusions formulated

concerning the outcome of this study.
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CHAPTER TWO: LITERATURE REVIEW

Introduction

The report called the National Science Education Standards released in 1996 by the National
Research Council through a branch committee known as the National Committee on Science
Education Standards and Assessment provided the seminal information for the background and
rational for my study. The purpose of the Standards is to define science education standards for
all students. The Standards are all about achieving both excellence and equity in science
education for all students. Science is described by the Standards as more than a rote process
during which students go through the motions of engaging in science and memorizing
information. While no one curriculum is described in the Standards, one particular method is
utilized most frequently. That teaching method is inquiry. The Standards use inquiry as their
method of choice for achieving the twin goals of excellent science education and science literacy

for all students in the United States (National Research Council, 1996).

A Framework for Scientific Inquiry

[ used the Standards definitions for inquiry and results. Inquiry entails actually working and
thinking like a real scientist with students practicing scientific questioning and reasoning,
planning and conducting investigations, using appropriate tools and techniques to gather data,
thinking critically and logically about relationships between evidence and explanations,
constructing and analyzing alternative explanations, and communicating scientific arguments and
results to others so that their experiments can be duplicated to either prove or disprove the results

(National Research Council,1996).
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An article written by Zimmerman (2007) provided me with a working definition of scientific
thinking and a justification for including the development of scientific thinking as a goal of
inquiry based instruction. Scientific thinking is defined as the application of methods or
principles of scientific inquiry to reasoning or problem-solving situations. Scientific thinking
also involves the process skills necessary to plan and execute experiments, analyze and interpret
data, draw conclusions, formulate and revise theories. When fully developed, these scientific
skills also include the ability to reflect on the process of knowledge acquisition and change.
Children’s scientific thinking involves the areas of conceptual formation and change, the
development of reasoning skills and problem solving, and is the foundational pathway to skills
needed to coordinate a complex mix of cognitive and metacognitive abilities. This article is a
review of the literature at that time on the development of scientific thinking in both elementary
and middle schools (Zimmerman, 2007).

Harmer and Cates (2007), who studied ways to engage learners in middle school scientific
inquiry, have generalized the following principles concerning inquiry that could be applied
across both content and grade levels in order to increase interest and engagement: (1) Select a
real-world problem that could have many solutions. (2) A solution should have an immediate
impact upon society. (3) Emphasis should be placed on the effect the problem has on students,
family and friends. (4) Real-world researchers and scientists, who are currently working on a
solution to the problem, should be contacted and involved if possible. (5) Give students many
options and choices in working on a solution to the problem as a way to encourage their
commitment. (6) Use technology to connect the resources of the outside world to classroom

efforts. (7) Encourage students to work together on the solution to the problem. (8) Students
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should receive encouragement and empowerment from the language used in classroom
discussions and found in classroom materials. (9) Allow students to work on the solution on their
own time outside of the classroom. (10) Tell students that their solution will be communicated to
others in the outside world who are also working on the problem (Harmer and Cates, 2007).
According to the National Research Council (2000) in their book Inquiry and the National
Science Education Standards: A Guide for Teaching and Learning, inquiry teaching and
learning have five fundamental requirements that apply across all grade levels:
(1) Learners are engaged by scientifically oriented questions. (2) Learners give priority to
evidence, which allows them to develop and evaluate explanations that address scientifically
oriented questions. (3) Learners formulate explanations from evidence to address
scientifically oriented questions. (4) Learners evaluate their explanations in light of
alternative explanations, particularly those reflecting scientific understanding. (5) Learners
communicate and justify their proposed explanations. (pp. 24-27)
If all of the above five requirements are present in a lesson, then the lesson is said to be “full” or
“open” inquiry. Most students, particularly younger ones, rarely have the abilities to successfully
engage in full inquiry. Therefore the teacher may choose to structure, guide or coach the students
in the inquiry process: this is called “partial” or “guided” inquiry. Students have to learn to ask
scientifically oriented questions that can be investigated, learn the difference between evidence
and opinion, learn how to formulate an explanation, and so on. A more structured or guided type
of inquiry will develop a student’s ability to engage in more open inquiry (National Research
Council, 2000).
Robertson (2006/2007) described the “Five Es” inquiry method as developed by the
Biological Sciences Curriculum Study in his article. This inquiry method can be described as

having five steps: Engagement, Exploration, Explanation, Elaboration, and Evaluation. The Five

Es or 5E Instructional Model as it has been called is considered an inductive approach to learning
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science by Chiappeta and Koballa (2006) because it provides students with learning situations
where they can discover a scientific concept or principle in the laboratory, field or classroom.
This type of approach provides students with a concrete experience from which they can obtain
data. Students can use these data as a foundation upon which they can secure information and
build new knowledge. This type of inductive activity is sometimes considered an experience-
before-vocabulary approach to learning as explained by Chiappeta and Koballa (2006).

According to Llewellyn (2007) the SE model moves students from concrete experiences to the
development of understanding, and the application of the newly learned scientific concept or
principle. During the Engagement stage, the teacher sets the stage for learning by introducing the
topic and stating the purpose for the lesson. The teacher may also assess the students’ prior
knowledge. The Exploration stage allows the students to engage in inquiry where they may
observe and collect data. During the Explanation stage, the teacher directs and facilitates data
and evidence processing strategies. The teacher may also introduce more details, vocabulary and
definitions about the lesson to help students put their thoughts into words and enable them to
scientifically describe their experiences. In the Elaboration stage the teacher helps students
extend their new found knowledge to new situations within the classroom or outside in the real
world. The teacher brings closure to the lesson during the Evaluation stage by helping students
summarize the relationships they discovered among the variables they investigated, and poses
higher-order critical thinking questions to reinforce student learning as related by Llewellyn
(2007).

Vellom and Anderson (1999) explained in their article that the relationship between

experience with phenomena (data observed or collected during laboratory experiments) and
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scientific theories is ignored as a goal in both the Standards (1996) and another set of science
education standards the AAAS (1993) Benchamrks. Scientists are primarily engaged in a search
for patterns that explain experimental or real world phenomena, and data collection serves as a
means to this end. Vellom and Anderson (1999) also explain that both the Standards and the
Benchmarks recognize the importance of the relationship between experience and theory in
science and science learning, but only partly recognize the difficulty that can arise in data
analysis and interpretation. My study attempted to examine in a small way this difficult subject
of data analysis, laboratory experience, laboratory report conclusions and explanations of
laboratory experiences, and scientific concepts. Vellom and Anderson (1999) provided the

justification for my study.

How Students Learn Science

The National Research Council (2005) has set forth three fundamental and well-documented
learning principles as stated below:

1. Students come to the classroom with preconceptions about how the world works. If their
initial understanding is not engaged, they may fail to grasp new concepts and information,
or they may learn them for the purposes of a test but revert to their preconceptions outside
the classroom.

2. To develop competence in an area of inquiry, students must (a) have a deep foundation of
factual knowledge, (b) understand facts and ideas in the context of a conceptual framework,
and (c) organize knowledge in ways that facilitate retrieval and application.

3. A “metacognitive” approach to instruction can help students learn to take control of their
own learning by defining goals and monitoring their progress in achieving them. (pp. 1-2).

Zion, Michalsky and Mevarech (2005) found metacognitive guidance had a positive effect on
learning in their study of scientific inquiry skills. The metacognitive guidance employed in their
study consisted of two sets of metacognitive questions: metacognitive consciousness and

executive questions. The metacognitive questions concerned problem-solving strategies,
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assignment goals, the benefits of working in a group, and how the group helped in solving the
inquiry problem. The executive questions helped students to control, monitor, and critique their
cognitive processes and results. Both of these cognitive question sets helped students to reflect
on their inquiry learning process by understanding and remembering the inquiry process (Zion et
al., 2005).

Another critical insight into learning that the National Research Council (2005) observed is
that “new understandings are constructed on a foundation of existing understandings and
experiences” (National Research Council, 2005, p. 4). While this prior knowledge can serve to
further the understanding of new information, it can also derail any new learning if the prior
knowledge is erroneous as observed by the National Research Council (2005).

Rivet and Krajcik (2007) found a strong correlation in their study that supported the belief
that contextualizing science education can improve science learning and lay a foundation for
future learning. Contextualizing science education refers to using a student’s prior knowledge
and life experiences to further their science learning, particularly in understanding difficult and
complex science concepts. Contextualized instruction seeks to use current events or relevant
situations that occur outside of the science class that are of personal interest to students, their
local area or the world scientific community. These events serve to motivate and engage students
in targeted science learning. Students may have either direct or indirect experiences with these
events or situations (Rivet and Krajcik, 2007).

Palmer (2009) found in his study of student interest during inquiry that student interest
remained high during the experimental phase when the inquiry investigation was being

conducted by the students regardless of the subject being studied. Students showed moderate

17



interest during the hypothesis proposal stage and report writing or conclusion stage (Palmer,
2009). The main source of interest during the experiment phase was found to be physical
activity, which Palmer (2009) postulated may have generated other stimuli such as social
interaction, learning, variety or novelty, and personal autonomy as students made decisions
during their investigations.

The National Research Council (2005) reports that both factual and conceptual knowledge are
needed to support learning with understanding. Conceptual knowledge such a scientific theory or
principle is a type of knowledge that is not likely to be learned in everyday life experiences. It
usually requires time to be spent in the inquiry process to develop this knowledge. Many people
often need help in understanding these complex scientific principles. The concept of learning
with understanding has two parts: factual knowledge and conceptual knowledge as explained by
literature from the National Research Council (2005). Factual knowledge must be embedded
within a conceptual framework so that it can be understood within its context. Concepts develop
meaning by using detailed explanations or representations that contain many explanatory or
supporting facts. Neither factual knowledge nor conceptual understanding in and of themselves
can produce competent performance. As concepts become meaningful in the contexts in which
they are applied, the National Research Council (2005) asserts that learning with understanding
can support knowledge application in new situations.

The National Research Council (2005) finds that while an expert may know and remember
many more facts than a less knowledgeable person, the expert is able to remember more facts
because he sees them as organized sets of ideas while the less knowledgeable person just sees the

same facts as separate pieces of information. When concepts are used to organize facts stored in
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the memory, memory is much more effective in retrieving and applying the facts. The memory
of factual knowledge is improved by using conceptual knowledge to organize a framework of
important details. Teaching for understanding requires that core concepts be organized into
related sets of ideas much like the memory of an expert maintains the National Research Council

(2005).

Developing Scientific Reasoning in Children

Tytler and Peterson (2004) developed three models of scientific reasoning found in children:
phenomenon-based reasoning, relation-based reasoning, and concept-based reasoning. The
purpose of their study was to better understand scientific reasoning in elementary children
engaged in open exploratory activities. By studying how a child approaches different types of
exploratory activities and engages in different dimensions of scientific reasoning, Tytler and
Peterson (2004) wanted to apply this knowledge to strategies which promoted scientific
reasoning in the classroom.

In phenomenon-based reasoning as described by Tytler and Peterson (2004), the explanation
and description are not distinguished. The purpose of the investigation is to look and see.
Investigative interpretation is guided by what is seen in the data. The conclusion contains both
opinions and interpretations, and evidence is written down. The subject is investigated randomly
and relationships are not investigated. Contradictory evidence is ignored, denied or explained
away. Explanations are not cross-checked for other possible rationalizations, and multiple
phenomena are not attributed to other concepts. Phenomenon-based reasoning corresponds to the
lowest level of scientific reasoning according to Tytler and Peterson (2004).

Tytler and Peterson (2004) explained relation based reasoning as identifying the relationships
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between observables or assumptions rather than searching for a hidden cause. Investigative
procedures in this type of reasoning tend to lean towards confirming the hypothesis and are
uncritical. The explanation simply evolves from the data without analytical examination of the
data. Tytler and Peterson (2004) explained that the purpose of this type of investigation is to
arrive at a successful outcome rather than find the true cause for the phenomena that occurred
during the investigation. This type of reasoning is considered to be inductive by Tytler and
Peterson (2004).

In concept based reasoning, Tytler and Peterson (2004) describe the explanation as being
centered on concepts that represent an underlying cause or deeper level of interpretation. The
investigative process is guided by proving or disproving the hypothesis. Contradictory evidence
and possible alternative explanations for experimental phenomena are acknowledged. Concept
based reasoning is considered to be deductive in nature, and represents the highest level of
scientific reasoning according to Tytler and Peterson (2004).

A study done by Amsel and Brock (1996) to assess the developmental differences in evidence
evaluation between adults and children used two groups of children and two groups of adults.
One group of children consisted of seventy-seven second and third graders while the second
group consisted of eighty-five sixth and seventh graders. The adult groups consisted of thirty-six
non-college educated adults and forty college students. Each of the groups was presented with
four data sets about plants grown by four people. The plant data presented either had a perfect
positive or a perfect zero correlation between the health of the plants and one variable, which
was either present or absent. The study groups either believed that this variable aided plant

health or had no effect upon plant health. The study found that the children were more greatly
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influenced by prior beliefs and missing data than adults. Amsel and Brock (1996) found that the
children appeared to be less uncertain about causative or non-causative variables when some of
the data were missing. Children were also less likely to justify their conclusions based on
evidence than adults according to Amsel and Brock (1996).

McNeill and Krajcik (2008) formulated an instructional model to aid teachers in developing
scientific explanation skills in students that consisted of three parts. The first part is the claim,
which is a conclusion concerning the problem to be investigated. The second part is the
evidence, data collected, or observations made that support the claim. The third part is the
reasoning the students use to justify their conclusion, which should be based upon scientific
principles (McNeill and Krajcik, 2008). The authors discovered that when the rationale behind a
scientific explanation was explicitly explained by the teacher, students could see why they

needed to include evidence and reasoning to support their claim (McNeill and Krajcik, 2008).

How Students Reason from Data

Carey and Smith (1993) developed a model about understanding the nature of science with
three levels of understanding that describe the development of scientific understanding in
students. Students at Level 1 in their understanding of the nature of science cannot distinguish
between ideas and activities such as experiments, which are used to formulate ideas. The student
tries “it” to see if it works. The “it” could be an experiment, an idea, a thing, or even an
invention. The “it” is undefined in the mind of the student (Carey and Smith, 1993). The
student’s motivation is to do the activity and not to test the idea (Carey and Smith, 1993). The
goal of students at this point is to discover facts and answers about science and to invent things

according to Carey and Smith (1993). Students who reach Level 2 in their understanding of the
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nature of science can now distinguish between ideas and experiments according to Carey and
Smith (1993). The student’s motivation at this level is to test the idea to see if it is right (Carey
and Smith, 1993). Students at this point consider the idea a guess, which may or may not have to
be revised or rejected depending upon the results of the experiment (Carey and Smith, 1993).
The student’s guess is not considered a prediction derived from a scientific theory, which the
student may not understand at this point (Carey and Smith, 1993). Students at this Level do not
fully comprehend that any revised guess or idea must include all of the data both old and new,
and that if proven false, the idea or guess may have to be revised (Carey and Smith, 1993).
Students at Level 3 can not only distinguish between ideas and experiments, but they are
motivated to experiment in order to verify their ideas or explore new ideas (Carey and Smith,
1993). Students at this Level can now understand the relationship between the results of their
experiment and the theories that led to their ideas or predictions (Carey and Smith, 1993). Level
3 students have developed their understanding of the nature of science. They now realize that
scientific knowledge is cumulative and interconnected, and that the goal of science is to
formulate even deeper explanations concerning the world around them (Carey and Smith, 1993).
Sandoval and Millwood (2005) sought to understand how students formulate explanations
from the evidence discovered during inquiry investigations. Scientific explanations are central to
finding answers and meaning in scientific investigations as well as discovering new
relationships. Science educators need to make sure that students make the most logical
arguments during their explanations, and support them with the most plausible evidence
(Sandoval and Millwood, 2005). The authors discovered that student explanations suffer from

two deficiencies: plausibility and transparency (Sandoval and Millwood, 2005). Students appear

22



to have difficulty in determining the viability of their explanations. Students also have difficulty
in looking for deeper or hidden meanings and relationships in their data: they appear to take the
occurrence of data at face value (Sandoval and Millwood, 2005).

In a study by Kanari and Millar (2004), the authors sought to investigate how students
understand data and measurement, and the ways they reason from this data while undertaking a
scientific inquiry process. The experiment used by Kanari and Millar (2004) contained two
independent variables and one dependent variable. One independent variable covaried with the
dependent variable while the other independent variable did not. Each group of students
consisted of ten students aged ten, twelve and fourteen years of age with a total of sixty students.

Kanari and Millar (2004) found that students had more difficulty interpreting data from the
non-covarying variable than the covarying variable because they took repeated measurements
concerning the non-covarying variable as though they thought they had made a mistake in
measurement when they came across an unexpected result. Unfortunately, Kanari and Millar
(2004) found that the repeated measurements were not done systematically, and were sometimes
not even recorded. Though students recorded the repeated measurements most of the time, they
did not attempt to calculate an average value from these repeated measurements. In only
two cases did students average in the repeated measurements. Sometimes the repeated
measurement was used to replace an initial measurement. Kanari and Millar (2004) found
students had forgotten they had already taken a measurement with certain values for
the independent variable or had forgotten the outcome of their measurement in five cases.

Kanari and Millar (2004) found students in their study appeared to use selective reasoning in

certain situations as they interpreted the data they collected. When investigating the independent
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variable that covaried with the dependent variable, many students quickly identified the data
trend where one variable increased steadily as the other variable also increased. These students
based their conclusion on this trend. Unfortunately, the other independent variable did not covary
with the dependent variable and so no clear trend was observed in its data as the students
investigated. Kanari and Millar (2004) reasoned this was confusing the students and they
proposed several scenarios to explain this anomaly: student ideas about the physical conditions
of the experiment, problems with measuring equipment, and possible variations in the
measurements when repeated measurements were taken. Kanari and Millar (2004) found most of
the students who came to the wrong conclusion, where the two variables did covary when they
did not, focused on the measurements that appeared to show covariance, and repeated
measurements that did not show covariance. Kanari and Millar (2004) discovered these students
either selectively recorded and replaced data values to support covariance, or selectively focused
on only those repeat measurements that showed covariance.

Kanari and Millar (2004) found most students used the trend-focused data collection strategy
when they changed the value of the independent variable in steps usually by increasing its value.
The students then looked for a corresponding steady increase in the value of the dependent
variable. Kanari and Millar (2004) discovered a small number of students used a difference-
focused strategy by first looking for a difference in the dependent variable when both small and
large values for the independent variable were used. This method was more efficient than the
trend-focused data collection strategy. The students’ selection of strategies may have resulted
from the way science investigations were taught at their schools. To Kanari and Millar (2004),

most students did not appear to repeat measurements as a way to check their variability. Kanari
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and Millar (2004) thought students were either following a routine learned in science class or
else were investigating an anomaly in the data trend.

Kanaria and Millar (2004) found students showed a basic competence in investigating the
relationship between two variables where covariance can clearly be shown. Most students varied
only one independent variable at a time while keeping the other independent variable constant.
This ability may be due to the English National Curriculum which stresses practical
investigations concerning the relationship between two variables at an early age. Unfortunately
Kanari and Millar (2004) found this does not seem to instinctively enable students to
intuitively deal with investigations where data trends are less obvious. Since students were not
able to extend this ability to more challenging investigations, Kanari and Millar (2004) reasoned
that students need to be taught how to handle investigations where variables do not covary and
data trends are less obvious or non-existent.

Kanari and Millar (2004) found students have difficulty with the idea that all measurements
are subject to error and variability even when nothing has changed. Differences in measurement
can be accounted for by taking an average value of repeated measurements, and the variation
within a set of measurements is a good indicator of how close the average value is to the true
value. Students also need a more clear understanding of measurement, measurement variability,
and how to handle error according to Kanari and Millar (2004).

The persistence of scientific misconceptions is another difficulty that arises when trying to
understand scientific reasoning in children. An article by Hellden and Solomon (2004) explains
these misconceptions do not go away easily, and may come from experiences that took place

before the student started elementary school. According to Hellden and Solomon (2004) these
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misconceptions seem to survive better than school-taught science ideas introduced later. Hellden
and Solomon (2004) discovered both adults and children have at least two types of knowledge
about any phenomena: life-world knowledge and abstract scientific knowledge. Life-world
knowledge is gained from life experiences, while abstract scientific knowledge consists of
scientific principles and theories. The authors suspect there may be more than one type of life-
world knowledge. Despite educational practices, both types of knowledge may coexist separately
within student minds according to Hellden and Solomon (2004). Since non-conscious and
implicitly cued memories appear to remain stable over time, Hellden and Solomon (2004)
suspect this may explain why these misconceptions persist, and defy both teaching and logic.
Since unconscious prompting can by-pass semantic memory, Hellden and Solomon (2004)
suggest teachers try to get students to recall correct answers concerning abstract scientific
knowledge by giving students useful prompts rather than simply labeling student work wrong

when life-world answers surface.

Developing Science Process Skills in Students

The National Research Council (2007) maintains most studies show many students develop
science process skills with age, however this development is significantly influenced by prior
knowledge, experience and instruction. Young students like to experiment but their experiments
are not systemically structured and their observational and reasoning skills are not very good.
Student may improve in their performance of science skills as they age, but this is not a uniform
progress with either age or the individual according to the National Research Council (2007).

An article by Hanuscin and Park Rogers (2008) describes the development of the fundamental

science skills of observation and inference in elementary school students. Students need to
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develop these basic skills at an early age in order to devise explanations for phenomena.
Inference is a process of logical reasoning that allows a student or scientist to use observations
and possibly prior knowledge to understand phenomena (Hanuscin and Park Rogers, 2008).
Young students do not understand the role inference plays in devising an explanation for a
phenomenon. Many young students do not understand the difference between observation and
inference, and must be taught to understand and employ these two skills by their teacher
(Hanuscin and Park Rogers, 2008). In order for young students to learn these two skills and
understand how they are used to develop scientific explanations, they need to have many
opportunities to practice them and engage in discussions with other students and their teacher
(Hanuscin and Park Rogers, 2008).

Bell and Linn (2000) found in their study of scientific arguments devised by middle school
students that they construct explanations by using unique speculations. Some students devise
more than one creative speculation for their scientific explanations of what occurred during an
investigation, but few provide justification for their speculations (Bell and Linn, 2000). The
researchers also have evidence that students engaged in the assimilation of scientific knowledge
and the formulation of scientific arguments actually increase their understanding of the nature of
science (Bell and Linn, 2000).

Metacognition or thinking about one’s own thinking appears to be particularly important to
the scientific thinking process observes the National Research Council (2007). Students may not
realize the limitations of their own memories when it comes to being accurate and systematic in
recording data, observations, procedures, and results according to the National Research Council

(2007). Knowing a variety of cognitive strategies and being able to decide when, where and how
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to employ them during an investigation is very important in developing science process skills
according to the National Research Council (2007). An awareness of one’s own limitations
in knowledge, such as knowing the difference between opinion and evidence, is important in
being able to reason within the scientific context of an investigation maintains the National
Research Council (2007).

Prior knowledge can shape an investigative approach used in an inquiry in many ways,
particularly if it concerns the plausibility of the investigation or prior experience relating to the
investigation observes the National Research Council (2007). This knowledge can influence
the formation of a hypothesis and how it is tested, as well as how the evidence is interpreted.
Prior knowledge can determine how new evidence is evaluated, and whether or not data
anomalies are noticed or even recorded according to the National Research Council, (2007).
Students are less likely to have a reservoir of prior knowledge upon which they can draw reasons
explains the National Research Council (2007).

Experience and instruction are critical in the development of a broad range of scientific skills
as well as the degree of sophistication that students display in applying these skills in new
situations according to the National Research Council (2007). It is critical for students to spend
time doing science within a properly structured educational framework in order to learn science
maintains the National Research Council (2007). This framework affects not only the science
skills students develop, but also their ability to reason scientifically about the quality of evidence
gathered during an investigation and how it is to be analyzed. Instructional support is also crucial
in developing the ability to engage in experimental design, keep accurate records, handle data

anomalies, and modeling phenomena asserts the National Research Council (2007).
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Crawford (2006) discovered in her study that the success of a teacher in teaching science as
inquiry was determined by the teacher’s beliefs about pedagogy, student learning, schools, and
the nature of inquiry in science. The planning of instruction was guided by the teacher’s beliefs
about teaching science as inquiry. Some teachers felt inquiry would not work with their students
because the students were indifferent, more concerned about grades, or would not work hard.
These beliefs hindered teachers in employing inquiry based practices when teaching science
(Crawford, 2006). Another factor in a teacher’s success with teaching inquiry may have been the
teacher’s expertise with the subject matter. Teachers who struggled with their subject content had
less knowledge and depth in their subject from which to draw upon than teachers who were more
knowledgeable in their field (Crawford, 2006).

Germann and Aram (1996) sought to study the science processes of recording data, analyzing
data, drawing conclusions and providing evidence among seventh-grade students. They found
that while over 75 % of their students successfully performed all three parts of the experiment
and recorded their data in the data table, only 61 % percent actually completed all three parts of
the experiment correctly. Germann and Aram (1996) attributed this result to several possible
problems. Students may had difficulty in following procedural directions due to poor
comprehension skills or possibly they were unaware of the need for accuracy in scientific
experimentation. Students may have also felt they understood the required procedural steps
despite failing to carefully read the procedure. It is possible that students may not have
understood the necessary inquiry elements in the experiment such as having a control. Maybe
students had difficulty recording their data in the data table, or did not understand the correct

procedure for placing data in the table or even the necessity of recording data in the data table
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according to Germann and Aram (1996).

Germann and Aram (1996) defined analyzing data as the ability to determine the relationship
between the independent and the dependent variables so as to prove or disprove the hypothesis.
In their study, only 31 % of the students were able to look at the data and the hypothesis, and
decide what the data said about the hypothesis. Germann and Aram (1996) found the remaining
69 % of the students did not appear to have considered the hypothesis when analyzing the data.

According to Germann and Aram (1996) being able to draw a conclusion from the data
consists of comparing the results predicted by the hypothesis to the actual results obtained from
experimentation and then deciding if the experimental results were the same as the hypothesized
results so as to prove or disprove the hypothesis. Slightly over 50 % of the students in their study
understood that the conclusion should either prove or disprove the hypothesis based on the
experimental results. According to Germann and Aram (1996), those students who analyzed their
data with the hypothesis in mind also tended to include the hypothesis in their conclusion.
Germann and Aram (1996) attributed this to students not being able to differentiate between
theory and evidence and not being able to apply theory to evidence so they did not reference
their hypothesis.

Metacognitive is defined as thinking deeply about one’s own thinking (Michaels, Shouse and
Schweingruber, 2008). Germann and Aram (1996) summarized their results in stating that
students need to learn how cause and effect questions in science are answered, and that scientific
inquiry is different from engineering inquiry. The authors also maintain that students need to be
aware of the need for precision in both results and procedures though data will always contain

some degree of variation. The science process skills of analyzing data, drawing conclusions and
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providing evidence necessitate metacognitive skills that include the ability to apply theory to
data in order to draw a conclusion, and to use data to justify their conclusions according to

Germann and Aram (1996).

Summary

In summary, the article by Tytler and Peterson (2004) supports the idea that children can
engage in various types of scientific reasoning, while the articles by Kanari and Millar (2004)
and Germann and Aram (1996) find that children can analyze data and synthesize conclusions
with limitations in some instances. Kanari and Millar (2004) found that students seem to have
difficulty handling unanticipated results and data. Both Kanari and Millar (2004) and Germann
and Aram (1996) discovered that students have problems processing errors within data and often
ignore them or explain them away. According to both Kanari and Millar (2004) and Germann
and Aram (1996), students fail to realize the need for precision, accuracy and truthfulness while
conducting experiments. Kanari and Millar (2004) discovered that students look for simplistic,
obvious relationships among variables, and often fail to realize relationships that are less than
straight forward.

Sandoval and Millwood (2005) found that student explanations of evidence occurring during
scientific inquiries have two problems: plausibility and transparency. Students appear to be
unable to determine the actual viability of their explanations being able to truly or accurately
explain the occurrence of their data. Students also take the occurrence of data at face value and
do not look into alternative explanations for data occurrence, nor do they look for hidden or
deeper reasons for data occurrence.

Tytler and Peterson (2004) found three different types of scientific reasoning in children:
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phenomenon-based reasoning, relation-based reasoning, and concept-based reasoning.

Students utilizing phenomenon-based reasoning simply want to “look and see” what is going on
during their investigation and do not want to delve into discovering the scientific processes and
principles that are producing their data. Students want successful experimental outcomes in
relation-based reasoning, and often exclude or explain away any data anomalies that may
disprove their hypothesis rather than critically analyzing their data. Concept-based reasoning is
the highest form of scientific reasoning in children and occurs when children try to explain the
occurrence of their experimental data using scientific principles and theories. These children
critically examine and acknowledge data anomalies.

Germann and Aram (1996) found some students are not able to differentiate between theory
and evidence, and are not able to apply theory to evidence to formulate a conclusion. Germann
and Aram (1996) also found these students may not even mention proving or disproving their
hypothesis when writing their conclusions. Hellden and Solomon (2004) discovered that students
may have deeply ingrained misconceptions about scientific concepts that may taint their
reasoning.

The National Research Council (2007) states that most studies show many students
develop science process skills with age, however this development is significantly influenced by
prior knowledge, experience and instruction. Student may also improve in the performance of
science skills as they age, but this progress is not uniform with respect to either the age of the
student or the individual according to the National Research Council (2007).

Zion et al. (2005) found that metacognitive guidance had a positive effect on student learning

in their study of scientific inquiry skills. Rivet and Krajcik (2007) discovered that
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contextualizing science education can improve science learning, and lay a foundation for future
learning. Palmer (2009) found that student interest during the experimental phase remained high
as the students actively engaged in inquiry. McNeill and Krajcik (2008) devised an instructional
model to help teachers develop scientific explanations skills in students that included three parts:
the claim, the evidence used to support the claim, and the reasoning used to justify the
conclusion.

Carey and Smith (1993) developed a model to explain how students understood the
nature of science. Students on the first level could not distinguish between ideas and
experiments, and engaged in an activity to see if it worked and not to test an idea. Students on
the second level could now distinguish between ideas and experiments, and engaged in an
activity to test an idea. Students on level three could also distinguish between ideas and
experiments, but they engaged in activities not only to test ideas but to explore new ideas. These
students were able to understand the relationships between the results of their experiments and
scientific theories, which they used to make predictions concerning outcomes of their
experiments.

Hanuscin and Park Rogers (2008) describe the development of the fundamental science skills
of observation and inference in their study of elementary school students. They found that
students need to develop these two skills early in order to be able to formulate explanations for
phenomena occurring during scientific investigations. Teachers need to explicitly explain the
differences between these two skills and how to use them. Teachers also need to provide many
opportunities for students to practice these skills and engage in discussions with classmates and

themselves in order to train young minds to reason scientifically. Crawford (2006) discovered
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that the success of a teacher teaching science depended on the teacher’s expertise of the subject

matter, and their beliefs about pedagogy, student learning, schools, and the nature of scientific

inquiry.
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CHAPTER 3: METHODOLGY

Introduction

The purpose of this study was to determine if inquiry based science labs can improve the
performance in data analysis and conclusion synthesis in sixth grade Life Science. I have had
previous experience with inquiry based teaching methods while teaching a physical science
course. While I felt the students enjoyed the hands-on science experiences that inquiry afforded
them, I was not sure they were actually learning to think critically. I also observed that some
students in the previous inquiry based course struggled with discovering the desired science
concepts from the inquiry based course because the textbook and labs presented these concepts
in a rather abstract manner through direct discovery with little in the way of explanation or
guidance.

I decided to design and analyze a study that would blend what I felt to be the best of both
worlds: students could have hands-on experience in inquiry based science labs and projects
designed to teach them to think critically, and receive additional support and reinforcement for
their inquiry based learning from a traditional science classroom, where science concepts were
presented and explained in a more concrete manner. The inquiry based science labs and projects
were used to teach the students to reason and think critically since they analyzed data and
formulated conclusions based on their data. These two skills are stressed by the Standards as
being crucial in developing an understanding of science concepts as well as being necessary in
everyday life. The inquiry based labs and projects also served to engage and prepare the students

for understanding the desired science concepts presented more concretely in the classroom.
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Design of the Study

My study examined the question “can guided inquiry based labs improve performance in data
analysis and conclusion synthesis in sixth grade Life Science. My research can be classified as a
form of action research. Action research can be thought of as a mixture of other more definitive
types of research such as qualitative, quantitative, applied, evaluative, experimental and non-
experimental research.

The guided inquiry method used in this study was “the Five Es” method as detailed by
Robertson (2006/2007) in his article. It was developed by the Biological Sciences Curriculum
Study. This method can be described as having five steps: Engagement, Exploration,
Explanation, Elaboration, and Evaluation. The laboratory exercise constituted the Engagement,
Exploration and Explanation phases of this method while classroom instruction covered the
remaining phases of Elaboration and Evaluation (Robertson, 2006/2007).

During the Engagement phase the students were questioned during classroom discussion
about their prior knowledge of the topic covered in lab. The Exploration phase was the actual
laboratory experiment. During the lab students were given hands on experience designed to
expose them to scientific concepts concerning the current topic studied in class. Students were
required to collect and document data during the lab. The Explanation phase occurred after the
lab when students engaged in discussing with their partners, classmates and teacher what
occurred during their experiments. It was in these discussions that students talked about their
analysis of their data and explained their reasoning behind their conclusions. The Elaboration
phase occurred as students further discussed with their partners what occurred during their

experiments, and tried to analyze the data in light of the guided questioning provided by the
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laboratory report as well as the background information given by the teacher. Students then

tried to put into words their data analysis and reasoning behind their conclusions. They attempted
to apply the principles developed during the laboratory exercise to explain the results of their
experiences. The Evaluation included the grading of the laboratory report and the chapter test
over the material covered in class and lab. This particular inquiry based teaching methodology is
a form of guided inquiry where the teacher guides or structures the learning experience so that
students are exposed to an orderly learning process designed to clearly demonstrate the
discoverable science concepts the students are to learn (Robertson, 2006/2007). The “Five Es”
method was the inquiry methodology utilized in my classroom due to the age, maturity level

and science education experience of my sixth-grade students.

According to an article by Cunningham (2008), an action researcher mainly utilizes both
qualitative and quantitative research. Qualitative methods are used to collect and analyze data
from questionnaires, observations, interviews and forms of subjective instruments, and then
interpret the meaning of these data using concepts from established theory. Quantitative methods
are used to statistically analyze and report numerically such data as test scores measuring learned
knowledge and other instruments, which have been graded for correctness by the action
researcher. According to Cunningham (2008) action research can be said to be a form of applied
research because it is generally used to provide guidance to a solution for a particular problem or
for improving a teaching practice. Because the action researcher is engaged in gathering and then
analyzing data in order to evaluate the effectiveness of a strategy or intervention, they are said to
be engaged in evaluative research. Cunningham (2008) considers action research to be

experimental because it manipulates independent variables within the intervention so that the
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researcher can study their effects upon the study’s dependent variables. Since these variables are
often complex and have many interwoven relationships, Cunningham (2008) observes that it is
difficult to assess their relationships and draw conclusions about the effect of the strategy, which
is a characteristic of non-experimental research.

Cunningham (2008) also states in her article that action research gives teachers a reproducible
and systematic way to analyze their classroom teaching practices, decide if classroom goals have
been met, and plan for future classroom strategies using the knowledge gained from the action
research. Cunningham (2008) maintains that action research can be considered an attempt to
understand the rationale behind teacher practices and to improve these practices within the
confines of the classroom environment. Cunningham (2008) also maintains that action research
serves as a bridge between research-generated pedagogy and the real-life classroom.

My study could be defined as “practical action research” according to Fraenkel and Wallen
(2006) in their chapter on action research within their book. Fraenkel and Wallen (2006) defined
practical action research as a study intended to address a specific problem within a classroom,
school or other community. Fraenkel and Wallen (2006) identified the primary purpose of action
research as improving teaching practice in the short term, and providing guidance and
information on larger issues in the future. My personal goal in this study was to improve my own

practice by better serving the perceived needs of my students and school.

Setting

This study was conducted in a rural middle school located in the southeastern part of the
United States. The study population sample consisted of a twelve sixth grade Life Science

students of mixed abilities and academic levels. Their FCAT levels ranging from 1 to 5, with one
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student having documented learning disabilities. The school district is large and contains many
urban and rural schools. The school where the study was conducted was listed at the time of the

study as an “A” school under the current standards of the state of Florida.

Procedures

This study was started by giving the pre-science survey by Pearce (1999) (Appendix C) to the
student subjects to assess their perceptions and attitudes towards science and science learning.
The students were then given the pre-inquiry assessment (Appendix D) to determine their
knowledge about inquiry, analyzing a given experiment, and synthesizing a conclusion. Since
both the pre-inquiry assessment and post-inquiry assessment contained the same scenarios and
questions but differed only by their title, only the general form was included in the Appendix.
During the body of the study, the student subjects were given four laboratory exercises to
complete. Each exercise was written and performed using the Five Es guided inquiry format.
These four laboratory exercises covered four topics: diffusion (Appendix F), osmosis
(Appendix G), cellular respiration (Appendix H), and cell membrane selectivity (Appendix I).
These topics were taken from their unit of study on cellular processes. Upon completion of the
chapter material, the students were given a chapter test on the material (Appendix J) to
determine whether or not the students had indeed learned the content material. At the end of the
study the student subjects were again given the post-science survey and a post-inquiry
assessment. The student subjects were given a final class evaluation (Appendix E) to
determine which classroom practices were most helpful to the students.

The inquiry assessment gave the students two hypothetical scenarios and asked the students

to determine the following: the hypothesis, the control, the independent variable, the dependent
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variable, the constants, how the data should be analyzed, what should the conclusion be, and can
the experimental procedure be improved. The inquiry assessment was developed by the teacher-
researcher. Due to the limitations of time and the inability of the students to complete the lengthy
inquiry assessments, only the first problem was counted in both the pre-inquiry assessment and
the post-inquiry assessment.

The laboratory exercises were strictly guided procedurally so that students would observe and
learn the scientific principles involved. All laboratory exercises asked the students to determine a
hypothesis concerning the phenomena to be studied based on given classroom and laboratory
discussion. Materials and procedures were provided. Data tables were required on all
experiments while some experiments also required bar graphs. Each lab contained questions to
guide the students to discover the scientific principles involved. Each lab also required the
students to provide guided data analysis and conclusion synthesis. Students worked in
pairs on their experiments and so collaborated with their partners in not only doing the
experiment but in writing up the laboratory exercise as well.

The laboratory exercise on diffusion allowed the students to study diffusion, which is the
movement of various molecules (excluding water) from an area of high concentration to an area
of low concentration. The students also studied equilibrium, which is a state of balance where
molecules are equally dispersed throughout a medium. This experiment required students to
record their data in an already prepared data table. They also had to complete drawings of what
they observed during the experiment as well as complete a hypothetical drawing of tea dispersing
through water. The students then answered some brief questions on what they observed. Students

were required to complete an analysis of their experiment by relating the food coloring
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dispersing through the water using to molecules diffusing through a cell membrane. They also
had to explain if their hypothesis was true or false, and identify the independent and dependent
variables, constants, and control. For the conclusion, students were required to explain in detail
how the food coloring diffused through the water using their vocabulary words.

The laboratory exercise on osmosis allowed students to study osmosis or the diffusion of
water, which is the movement of only water molecules from an area of high concentration to an
area of low concentration. The students also studied equilibrium where the same number of
water molecules are located inside a given area as well as outside that area. The subject studied
was a Gummy Bear. This experiment required students to record their data in an already
prepared data table. In addition to data, the students had to record their observations about
observable changes in the Gummy Bear before and after soaking in water. They also had to
calculate the percent change in mass and measurement of the Gummy Bear after it soaked in the
water. The equations to determine this were given to the students and they were provided with
simple calculators. The students had to plug in their data correctly and then correctly calculate
the changes as percentages. Next the students had to graph their changes on a simple bar graph
which they constructed. Lastly, the students had to analyze their data by explaining what
happened to the Gummy Bear as it soaked and relate it to the process of osmosis. They also had
to explain if their hypothesis was true or false, and identify the independent and dependent
variables, constants, and control. Lastly, students were asked to form a conclusion about their
experiment by explaining how osmosis occurred in the Gummy Bear using their vocabulary
words.

The laboratory exercise on respiration allowed students to study respiration, which is the
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breakdown of food molecules into simpler substances and the release of energy stored in the
food. For this experiment the students observed yeast as they tried to respire sugar, fruit juices,
and artificial sweeteners. In this lab the students had to prepare their own data tables and graphs.
They next answered a series of questions on their experiment to determine which substance
provided the most energy for the yeast by measuring the amount of carbon dioxide given off by
the yeast. The students were then asked to analyze their experiment by telling which substance
produced the most gas, the second most gas and the least gas. They were also asked if the control
produced gas. Next they had to explain how yeast respiration was like human respiration. They
also had to explain if their hypothesis was true or false, and to identify the independent and
dependent variables, constants, and control. Lastly, students were asked to form a conclusion
about their experiment by explaining how respiration occurred in the yeast using their
vocabulary words.

For their last experiment, students studied the selectivity of the membrane surrounding an
egg. This lab was done as a demonstration in each class due to the expense involved and the
possible danger of infection due to handling raw eggs that had been left unrefrigerated for days.
The students were given a prepared data table to record the egg’s measurements and mass.
Next they had to record observation notes of changes in the egg as it was soaked in vinegar,
water and corn syrup. The students had to make two bar graphs to record the mass changes and
circumference changes of the egg after it soaked in the various substances. Students had to
answer four questions concerning what they observed during the lab, and then analyze the
movement or non-movement of vinegar, water and corn syrup through the egg’s membrane.

They then had to relate this movement to the transport of various substances through a cell
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membrane. They also had to explain if their hypothesis was true or false, and identify the
independent and dependent variables, constants, and control. Lastly, students were asked to form
a conclusion about their experiment by explaining what happened to the egg as it soaked in the
vinegar, water and corn syrup using their vocabulary words.

The chapter test consisted of eight multiple choice questions, seven fill-in-the blank
questions, and two short answer essays. The multiple choice and fill-in-the blank questions
concerned themselves with the cellular processes, definitions, energy and process requirements,
and end products of these processes. The first essay required them to compare and contrast
respiration and fermentation, while the second asked them to explain how photosynthesis,
respiration and fermentation were related. The chapter test was designed to check content
material mastery.

The final class evaluation consisted of four parts. The first part was designed to determine
how much help the students received from certain classroom activities. The second part was
designed to determine how much help the class had given the student in learning science skills.
The third part was designed to determine how much the student thought they had improved in
understanding science concepts, the nature of science, the inquiry process, completing a
laboratory process, the ability to think through a problem and increasing or diminishing their
interest in science. The last part consisted of two questions: How much of what you learned in
this class will you remember and use in other classes and life? Did this class make you want to
continue in science and learn more about science?

The science survey (Appendix C) used by this research study was originally designed by

Charles R. Pearce and published in his book Nurturing Inquiry: Real Science for the Elementary
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Classroom. This survey measured student perceptions towards learning, science, science
learning, the value of science learning, the best perceived method for the student to learn and the
possible inclusion of other subjects into science. This survey was used to measure and
document any changes in student perceptions since it was given before and after the start of

the study (Pearce, 1999). Permission to use and alter the survey were given by Olivia Reed, the

Permissions, Contracts, and Copyright Assistant at Heinemann Publishers.

Methods of Data Collection

The qualitative data collection methods used in this study were a student survey done
both before the study began and after the study was completed, and a final class evaluation done
after the study was completed. The richest source of qualitative data was found in the science
surveys and final class evaluation. The data collected from the survey were used to record and
measure student perceptions and attitudes towards science and science learning. The data
collected from the final class evaluation were used to measure the effectiveness of classroom
activities and strategies used to aid students in learning. The quantitative instruments used in this
study were an inquiry assessment given before the study began and after the study ended, a
chapter or material content test, and four laboratory reports, which were graded.

Both the science surveys and the final classroom evaluation had their data correlated either
positively or negatively to show a relationship between a given statement and an outcome.
According to a book by Christmann and Badgett (2009), a correlation means there is a
relationship between two variables: it does not show that one variable caused the other. The
higher the numerical value of the correlation value, the stronger the relationship between two

variables. A positive correlation shows a relationship between two variables, while a negative
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relationship shows that two variables are less likely have a relationship according to Christmann
and Badgett ( 2009).

The original science survey by Pearce was allowed to be modified by the publisher so that
students would be forced to make a choice between agreeing with a given statement or
disagreeing with a given statement. The current answers include “SA” for “Strongly Agree”, “A”
for “Agree”, “D” for “Disagree” and “SD” for “Strongly Disagree”. These answers were
assigned point values as follows: 4 points for “Strongly Agree”, 3 points for “Agree”, 2 points
for “Disagree”, and 1 point for “Strongly Disagree”. This scoring system resulted in a
positive correlation with a given statement that had a score of 3 points or greater, or a negative
correlation with a given statement that had a score of 2 points or less. A neutral position was not
allowed.

Each question on the first three parts of the final classroom evaluation had four possible
answers for the student to select from: “Was of No Help”, “Was of Little Help”, “Helped a Lot”,
and “Helped a Great Deal”. These answers were listed at the top of each section as headers to the
question. Underneath each answer was a point value that the student circled to indicate his
response to each question. The answer “Was of No Help” was assigned a value of 1 point,
the answer “Was of Little Help” was assigned a value of 2 points, the answer of “Helped a
Lot” was assigned a value of 3 points, and the answer of “Helped a Great Deal” was
assigned a value of 4 points. This scoring method yielded a positive correlation to a given
statement if the score was 3 points or greater, and a negative correlation to a given statement if
the score was 2 points or less. A neutral position was not allowed.

The inquiry assessment was studied to see if students could determine some of the necessary
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elements included in an inquiry procedure such as determining the question asked by the
researcher, the identity and nature of the independent and dependent variables, the presence or
absence of constants and controls and their value to the experiment, the ability to analyze given
data and synthesize a conclusion, and tell if any modifications need to be made to the experiment
to improve its reliability.

Laboratory exercises were considered examples of actual student classroom work and were
collected to assess student learning of both the material content and the inquiry process, and to
observe any development in scientific reasoning and science process skills. The laboratory
exercises were graded for correctness and the desired learning of the scientific principles
demonstrated in the exercises. Laboratory exercises were given grades in the form of point
values according to the standard grade scale in my county where an “A” grade ranges from 100
points to 90 points, a “B” grade ranges from 89 points to 80 points, a “C” grade ranges from 79
points to 70 points, a “D” grade ranges from 69 points to 60 points, and a failing grade of “F”
ranges from 59 points to 0 points.

The chapter test was given at the end of the material chapter and graded for correctness and
the desired material answers on the essays. The test was worth 100 points, with the multiple
choice part and fill-in-the-blank part questions worth 6 points each. The essay questions were
worth 5 points each, and partial credit was given. The standard county grading scale as defined

above was used to assign grades for test.

Methods of Data Analysis

All data collected on material content and inquiry methodology were assessed according to

the county order of instruction, the Florida Sunshine State Standards and the National Science
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Education Standards for grades five through eight to determine if students were learning content,
and developing the ability to analyze data, synthesize a conclusion and rationalize an explanation
for phenomena occurring during lab. Students with grades of either a “D” or an “F” were given
remediation exercises and extra help from the teacher to correct their deficiencies.

Quantitative data were analyzed as follows. The chapter test and laboratory exercises were
scored by the researcher and documented both as study results and student grades. The school
used the standard grading scale of 100 % to 90 % as being an “A”, 89 % to 80 % as being a “B”,
79 % to 70 % as being a “C”, 69 % to 60 % as being a “D”, and 59 % or lower as being an “F”’.

These various data were triangulated to see if emerging themes occurred in learning, content
learning, data analysis, conclusion synthesis, and reasoning abilities throughout the various
methods employed. Student perceptions about learning, ways of learning, thinking, classroom
activities that may help in learning and competency in certain skills were assessed and
triangulated using the Pre-science survey, Post-science survey, and final Classroom Evaluation.
Student learning of content material was assessed and triangulated using the inquiry assessment,
chapter test, and laboratory reports. Student ability in analyzing data and synthesizing a
conclusion based upon their explanations of phenomena occurring during the experiment were
assessed and triangulated using the inquiry assessment, student laboratory reports, and the
chapter test.

The findings are discussed more thoroughly in Chapter Four. Here the data are correlated to
prove the emerging themes, the learning of content material, the ability to analyze data, and the

ability to synthesize a conclusion.
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CHAPTER 4: RESULTS

Introduction

This study was conducted during late fall of 2008 and early winter of 2009 to see if inquiry-
based laboratory exercises could improve the performance of 6™ grade Life Science students in
the science process skills of data analysis and conclusion synthesis. Data representing student
performance in the science process skills of data analysis and conclusion synthesis were
collected. Data were also collected on student attitudes and perceptions of both the inquiry
process and learning process. Action research was the type of model used by the researcher,
which can be a useful tool in ascertaining the value of current teaching methods.

The data from the science surveys, inquiry assessments, laboratory exercises, chapter test and
final class evaluation were read and analyzed to detect emerging themes and to ascertain
whether or not the research question was answered. The results of this study were quantified
statistically using positive and negative correlations and percentages, though the methods of data

analysis and interpretation were more qualitative.

Emerging Themes

The first four generalized emerging themes relate indirectly towards answering the research
question because they are important as a way of showing that the inquiry process is helping
students to learn and become interested in their own learning. These first four emerging themes
were taken from positive correlations displayed by data collected from the pre-science survey
and post-science survey. According Christmann and Badgett (2009), a correlation means there is

a relationship between two variables: it does not show that one variable caused the other. The
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higher the numerical value of the correlation value, the stronger the relationship between two
variables. A positive correlation shows a relationship between two variables, while a negative
relationship shows that two variables are less likely have a relationship according to Christmann
and Badgett ( 2009). The fifth generalized and last relevant emerging theme came from
part 3 of the final class evaluation, and leads directly towards answering the research question:
can guided inquiry based labs improve the performance in data analysis and conclusion synthesis
in sixth grade life science? The fifth generalized emerging theme says that students gain
confidence and competency by doing inquiry. Together these relevant emerging themes are:
students are learning from the guided inquiry process, students learn more from the inquiry
process than by having someone tell them the facts, students are learning to think, students learn
more by working with others, and students gain confidence and competency by doing inquiry.
The first generalized relevant emerging theme of students learning from the guided inquiry
process is taken from the positive correlations found in both the pre-science survey and post-
science survey where students responded to the statements that learning is finding out about
things that interest the student, and discovering answers to student generated questions is
interesting. This information is found in Tables 1, 2 and 3 on the following pages. This theme is
also corroborated in part 1 of the final class evaluation found on Table 7 where students
displayed a positive correlation in responding to the statements that they received more help in
learning when doing hands-on labs and in the way that the class was taught, which was guided
inquiry. A positive correlation to student learning in the way the class was taught using guided
inquiry helps to confirm Crawford (2006), who maintained that a teacher’s beliefs about

pedagogy, schools, student learning and the nature of inquiry in science teaching were critical in
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a teacher’s success in teaching inquiry.

Students also displayed a positive correlation to the teacher showing examples and
explaining. This supports the findings of McNeill and Krajcik (2008) which specify that when
the scientific explanation was explicitly explained by the teacher, students could see why they
needed to include evidence and reasoning to support their claims. It also supports the findings of
Hanuscin and Park Rogers (2008) that students need to understand and know how to employ
observation and inference, two fundamental science skills that are necessary in order to analyze
data and draw conclusions. Hanuscin and Park Rogers (2008) also found that students need to be
taught to understand and apply these two skills. This is also corroborated in both the pre-science
survey and post-science survey found on Tables 1, 2, and 3 in the following pages when students
displayed a negative correlation when asked if they learned more from reading than doing.

The second generalized relevant emerging theme of students learning more from the inquiry
process than by having someone tell them the facts is corroborated by the negative correlation
students displayed in part 1 of the final class evaluation found in Table 7 when asked if they
learned from teacher lectures. This supports the finding of Bell and Linn (2000) that students
engaged in the assimilation of scientific knowledge and the formulation of scientific arguments
actually increase their understanding of the nature of science. This is again corroborated in part 1
of the final class evaluation found in Table 7 where a weak negative correlation of 2.1 is
displayed by students when asked if they received help in learning by reading the textbook. This
emerging theme is also corroborated in part 3 of the final class evaluation found on Table 9
where students displayed a positive correlation to receiving help in the class in understanding the

main concepts in science as well as understanding the nature of science.
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The third generalized emerging theme of students learning to think is corroborated in part 3 of
the final class evaluation found on Table 9 where students displayed a positive correlation to
receiving help in class in acquiring the ability to think through a problem or question. They also
displayed positive correlations in part 3 of the final class evaluation found in Table to
understanding the parts of an inquiry process, understanding how inquiry is done, and learning
how to complete an inquiry process. Inquiry within itself is a thinking process as well as an
action process. This emerging theme supports the findings of Zion et al. (2005) that
metacognitve guidance employed within inquiry has a positive effect upon learning.

Thinking about and analyzing the inquiry process itself leads to enhanced knowledge of the
inquiry process (Zion et al., 2005).

The forth generalized emerging theme of students learning more when working with others is
corroborated in part 1 of the final class evaluation where students displayed the highest
positive correlation to working with lab partners as a way of learning. This is also corroborated
in both the pre-science survey and post-science survey when students displayed a negative
correlation when asked if they learned more when they worked alone. This also supports a
finding of Hanuscin and Park Rogers (2008) that in order for young students to learn observation
and inference skills and understand how they are used to develop scientific explanations, they
need to have many opportunities to practice them and engage in discussions with other students
and their teacher.

The fifth generalized emerging theme of students gaining confidence and competency by
doing inquiry is taken from part 2 of the final class evaluation found in Table 7 where students

displayed positive correlations to the following statements: feeling confident they can do a lab
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and get results, making lab observations, writing a lab analysis, writing a lab hypothesis, and
writing a lab conclusion. This emerging theme is corroborated by post-inquiry assessment found
on Table 10 where students proved they could successfully formulate a relevant hypothesis,
successfully identify a control, and successfully identify the independent variable 100 % of the
time. Students also proved that they could successfully identify both the dependant variable and
constants as well as successfully formulate both a relevant conclusion and a relevant data
analysis 88 % of the time. These results support the findings of the National Research Council
(2007) that knowing a variety of cognitive strategies and being able to decide when, where and
how to employ them during an investigation is very important in developing science process

skills

Data and Analysis of Student Science Surveys

Specific emerging themes from the pre- and post-science surveys found on Tables 1, 2, and 3,
suggest that students: think about what they are thinking (metacognition), learn more if they
have a choice about what they are learning, find discovering answers to their own questions
interesting, define learning as finding out about things that interest them, do not think they can
learn more from reading than doing, and think that facts discovered on their own are more
memorable than facts someone else tells them. Other specific emerging themes found on Tables
3,4, and 5 are: students understand more if they can talk it over with a partner, learn more when
they work in a group and share ideas, and like to discuss what they have learned. Both surveys
displayed a negative student response correlation to the statement that I learn more from reading

than doing.
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Table 1: Pre-Science Survey of Student Perceptions about Inquiry Learning

Statements

Pre-science survey

Strongly
Agree

Agree

Disagree

Strongly
Disagree

Average Correlation

11. Learning is finding
out about things that
interest me.

3

0

3.2

3. AsIleamnitis
important to think about
my thinking.

32

7. Discovering answers
to my own questions is
interesting.

3.1

16. Science textbooks
are the best books to
read to learn about
science.

2.9

2. I learn best by reading
chapters and answering
questions.

2.8

19. Facts I discover on
my own are more
memorable than facts
someone else tells me.

2.8

4. I learn more if [ have
a choice about what I
am learning.

24

18. I can learn more by
reading than doing.

1.9

Strongly Agree=4, Agree=3, Disagree=2, Strongly Disagree=1. Survey was completed by 10

students.
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Table 2: Post-Science Survey of Student Perceptions about Inquiry Learning

Statements

Post-science survey

Strongly
Agree

Agree

Disagree

Strongly
Disagree

Average Correlation

4. I learn more if I have
a choice about what |
am learning.

7

0

33

19. Facts I discover on
my own are more
memorable than facts
someone else tells me.

3.1

11. Learning is finding
out about things that
interest me.

3.0

3. AsIlearnitis
important to think
about my thinking.

3.0

7. Discovering answers
to my own questions is
interesting.

2.7

2. 1learn best by
reading chapters and
answering questions.

24

16. Science textbooks
are the best books to
read to learn about
science.

24

18. I can learn more by
reading than doing.

1.8

Strongly Agree=4, Agree=3, Disagree=2, Strongly Disagree=1. Survey was completed by 12
students. On Statement 19, one student did not answer so they were not counted on this question.

Student importance associated with certain responses changed from the pre-science survey

found on Table 1 to the post-science survey found on Table 2. The statements in the pre-science

survey with the most positive correlations were 11, 3, and 7: all with correlations above 3. The

statements with the most positive correlations in the post-science survey were 4, 19, 11, and 3:

all with correlations above 3. Statements 11 and 3 decreased from a positive correlation in the



pre-science survey to a less positive correlation in the post-science correlation. Statement 7
decreased from a positive correlation in the pre-science survey to a negative correlation in the
post-science survey. Statements 2 and 16 decreased from negative correlations in the pre-science
survey to even more negative correlation in the post-science survey. Statements 4 and 19
increased from negative correlations in the pre-science survey to positive correlations in the post-
science survey. The guided inquiry process appears to have stimulated students to desire a choice
in what they are learning, and discovering facts on their own has become much more important
to them. The principles generated by Harmer and Cates (2007) have meaning as shown by the
post science survey. Students are encouraged, empowered and stimulated, and much more
interested in scientific inquiry when they are actively involved in discovering their own answers
and making choices in that discovery. Table 3 displays both the pre-science and post-science

survey results side by side to make it easier to view these changes.
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Table 3: Pre-and Post-Science Surveys of Student Inquiry Learning

Ranked Pre-Science Survey

Corresponding
Pre-Science

Ranked Post-Science

Corresponding Post-
Science Survey

Statements Survey Average Survey Statements Average
Correlations Correlations
11. Learning is finding out 4. I learn more if I have a
about things that interest 3.2 choice about what [ am 33
me. learning.
19. Facts I discover on my
3. As I learn it is important 32 own are more memorable 31
to think about my thinking. ’ than facts someone else '
tells me.
7. Discovering answers to 11. Learning is finding out
my own questions is 3.1 about things that interest 3.0
interesting. me.
16. Science textbooks are o
the best books to read to 2.9 3. A? Llearn it is important 3.0
. to think about my thinking.
learn about science.
2. I learn best by reading 7. Discovering answers to
chapters and answering 2.8 my own questions is 2.7
questions. interesting.
19. Facts I discover on my 2. Tlearn best by reading
own are more memorable .
2.8 chapters and answering 2.4
than facts someone else tells )
questions.
me.
4. 1learn more if [ have a 16. Science textbooks are
choice about what [ am 2.4 the best books to read to 2.4
learning. learn about science.
18. I can learn more by 1.9 18. I can learn more by 18

reading than doing.

reading than doing.

Tables 4 and 5 demonstrate the fact that students prefer to work with a partner, learn more

when they are able to talk things over with a partner and share ideas, and like to discuss what

they have learned. Tables 4 and 5 also show that students do not learn more when they work

alone.
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Table 4: Pre-Science Survey of Student Perceptions about Working with Others

Pre-science survey

Statements g 1 g 1 Average

trongly Agree Disagree trongly Correlation
Agree Disagree

5. When I talk things over

with a partner, I understand

more about what [ am 3 / 0 0 33

learning.

§. I learn more when .I work 4 5 1 0 33

in a group and share ideas.

10. I like to discuss what I ) 6 ) 0 3.0

have learned.

9. I learn more when I work 0 0 7 3 17

alone.

Strongly Agree=4, Agree=3, Disagree=2, Strongly Disagree=1. Survey was completed by 10

students.

Table 5: Post-Science Survey of Student Perceptions about Working with Others

Post-science survey

Statements | | Average
Strongly Agree Disagree Strongly Correlation
Agree Disagree
6. I learn more when I work 5 6 1 0 33
in a group and share ideas. '
5. When I talk things over
with a partner, I understand 4 7 0 1 39
more about what [ am '
learning.
10. I like to discuss what I
have learned. 3 6 ! 2 28
9. I learn more when I work 0 0 9 3 1.8

alone.

Strongly Agree=4, Agree=3, Disagree=2, Strongly Disagree=1. Survey was completed by 12

students.
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The correlations of student perceptions when working with others and working alone did not
change between the pre-science survey and the post-science survey as shown on Tables 4 and 5.
Student rankings of these statements did not change either as shown on Table 6. Students appear

to be certain that they learn more when working with others.

Table 6: Pre-and Post-Science Surveys of Student Perceptions about Working with Others

Pre-science survey Average Post-science survey
Statements . .
Correlations Average Correlations
6. I learn more when [ work in a 33 33

group and share ideas.

5. When I talk things over with a
partner, [ understand more about 3.2 3.2
what [ am learning.

10. I like to discuss what I have

learned. 2.8 2.8

9. I learn more when I work alone. 1.8 1.8

Data Analysis of the Final Class Evaluation

The specific emerging themes from the final part 1 classroom evaluation as shown on Table 7
suggest that the following classroom activities showed a higher positive correlation in helping
students learn: working with lab partners and hands on labs. The teacher showing examples and
explaining, and the way class was taught also showed a positive correlation though less so than
the above mentioned activities. Teacher notes, worksheets and reading the textbook showed a
negative correlation in student perceptions of what helps them learn. Teacher lectures showed the

most negative correlation in student perceptions of helping them learn.
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Table 7: Class Evaluation of Student Perceptions about Help Received in Class Activities

Final Class Evaluation
Average
Statements Helped a . g
Great Helped a Little No Help Correlation
Lot Help

Deal
6. Working with Lab Partners 8 3 0 0 3.7
4. Hands-on Labs. 7 3 0 1 3.5
8. Teache.r ghowmg examples 3 6 ) 0 31
and explaining.
10. The way class was taught. 2 8 1 0 3.1
1. Teacher Notes. 3 8 0 0 2.5
7. Work Sheets. 0 4 6 1 2.3
3. Reading Textbook. 0 1 10 0 2.1
2. Teacher Lectures. 0 1 6 3 1.8

Helped a Great Deal=4, Helped a Lot=3, Little Help=2, No Help=1. Evaluation was completed
by 11 students. On Statement 2, one student did not answer so they were not counted on this
question.

The specific emerging themes of part 2 of the final class evaluation as found on Table 8
demonstrated a more positive correlation to classroom learning are: making lab observations,
feeling confident the student can do a lab and get results, and understanding what the data are

showing the student. The following statements concerning writing a lab analysis, writing a lab

hypothesis, and writing a conclusion showed a negative correlation to classroom learning.
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Table 8: Class Evaluation of Student Perceptions about Help Received in Learning Skills

Final Class Evaluation

Statements i Average
Helped a Helped a Little No Help Correlation
Great Deal Lot Help

4. Making Lab Observations. 5 4 2 0 3.6

8. Feeling confident [ can do a

lab and get results. > 4 2 0 36

7. Understandln.g what the 4 s 1 0 33
data were showing me.

2. Writing a lab analysis. 2 3 3 3 2.4

1. Writing a lab hypothesis. 2 2 5 2 24

3. Writing a lab conclusion. 2 3 5 1 2.3

Helped a Great Deal=4, Helped a Lot=3, Little Help=2, No Help=1. Evaluation was completed

by 11 students. On Statement 7, one student did not answer so they were not counted on this

question.

The specific emerging themes of part 3 of the final class evaluation as found on Table 9 are

shown by a positive correlation to classroom learning to the following statements: ability to

think through a problem or question. The statements concerning about understanding the main
concepts in science, understanding the nature of science, understanding the parts of an inquiry
process, completing an inquiry process or lab, and understanding how inquiry is done all showed
weak negative correlations to classroom learning in these areas. This appears to support the three
levels of understanding the nature of as proposed by Carey and Smith (1993). Students at Level 1
and 2 of the Carey and Smith (1993) model have difficulty understanding the nature of science,

science theories, the reason for performing experiments, and utilizing a science theory in order to
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make a prediction or structure an experiment.

Table 9: Class Evaluation of Student Perceptions about Help Received in Improving Tasks

Final Class Evaluation Average
Statements Helpeda | Helpeda i
. Correlation
Great Deal Lot Little Help | No Help

6. Ability to think through a
Problem or Question. 4 ‘ : : >0
1. Understanding main 4 1 6 0 2.8
concepts in science. )
2. Understanding the nature of 3 3 4 1 2.7
science. .
4. Understanding the parts of 3 2 5 1 2.6
an inquiry process. )
5. Completing an Inquiry 1 5 4 1 25
Process or Lab. .
3. Understanding how Inquiry 1 4 4 2 23
is done. .

Helped a Great Deal=4, Helped a Lot=3, Little Help=2, No Help=1. Evaluation was completed
by 11 students.

Data Analysis of the Inquiry Assessments

Table 10 shows the data from both the pre-inquiry assessment and the post-inquiry
assessment. On the pre-inquiry assessment 72 % of the students were able to formulate a
hypothesis of the problem and identify the control in the problem. While 36 % of the students
could identify both the independent variable and the dependant variable in the problem, and
formulate a relevant conclusion for the problem. Only 9 % of the students could identify the

constants in the problem and formulate a relevant data analysis for the problem.
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On the post-inquiry assessment 100 % of the students were able to formulate a hypothesis of
the problem, and identify both the control and the independent variable in the problem. Most of
the students, 88 %, could identify both the independent variable and constants in the problem,

and formulate both a relevant conclusion and data analysis for the problem.

Table 10: Pre-and Post-Inquiry Assessments of Student Inquiry Learning in Problem Solving

Inquiry Processes Pre-Inquiry Assessment Post- Inquiry Assessment
Percentages Percentages

Successfully formulating a relevant 7 100
hypothesis about the problem.
Successfully identifying the 7 100
control.
Successfully identifying the
: . 36 100
independent variable.
Successfully identifying the 36 23
dependant variable.
Successfully formulating a relevant

: 36 88
conclusion of the problem.
Successfully identifying the

9 88

constant(s).
Successfully formulating a relevant 9 28
analysis of the problem data.

Number of students taking the pre-inquiry assessment was 11, while number of students taking
the post-inquiry assessment was 9.

Analyzing the Laboratory Exercises

Table 11 shows the results for the lab exercises. For the diffusion laboratory exercise: 100 %

of the students were able to formulate a hypothesis, 90 % of the students were able to formulate a
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correct data analysis, 100 % of the students were able to formulate a correct conclusion, and

100 % of the students could correctly state the scientific principle involved. After the laboratory
exercise on osmosis: 92 % of the students were able to formulate a hypothesis, 66 % of the
students were able to formulate a correct data analysis, 75 % of the students were able to
formulate a correct conclusion, and 90 % of the students could correctly state the scientific
principle involved. For the respiration laboratory exercise: 100 % of the students were able to
formulate a hypothesis, 82 % of the students were able to formulate a correct data analysis, 73 %
of the students were able to formulate a correct conclusion, and 82 % of the students could
correctly state the scientific principle involved. On the last laboratory exercise which was on the
selectivity of a cell membrane: 100 % of the students were able to formulate a hypothesis, 87 %
of the students were able to formulate a correct data analysis, 75 % of the students were able to
formulate a correct conclusion, and 75 % could correctly explain the scientific principle
involved.

The analysis of the lab exercises appears to support the findings of Rivet and Krajcik (2008)
that utilizing prior knowledge and the everyday life experiences of students serves as a
springboard for understanding complex science concepts. With the exception of drawing a
conclusion on the osmosis lab, students successfully demonstrated their mastery of formulating a
hypothesis, analyzing data, formulating a conclusion and successfully completing the lab

exercise.
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Table 11: Analysis of Inquiry Processes Required in Lab Exercises

Percentages
Inquiry Lab Process
A Diffusion Lab | Osmosis Lab | Respiration Lab Cell Membrane
Selectivity Lab
Successfully forrnplated a 100 90 100 100
relevant hypothesis.
Successfully demonstrated
understanding of science 100 90 22 75
concept by successfully
completing lab exercise.
Successfully forrpulated a 100 75 73 75
relevant conclusion.
Successfully formulated a 90 66 22 ]7

relevant analysis of the data.

Number of students completing each Lab was 10 for the Diffusion Lab, 12 for the Osmosis Lab,
11 for the Respiration Lab and 8 for the Cell Membrane Simulation Lab.

Data Analysis of the Chapter Test

The analysis for the chapter test as shown in Table 12 is as follows: 92 % of the students got

question one correct which represented cell membrane selectivity, 92 % of the students got

question twelve correct which represented diffusion, 92 % of the students got question fourteen

correct which represented osmosis, and 92 % of the students got question ten correct which

represented respiration. The 92 % represents the fact that eleven out of twelve students

responded correctly to these questions. The 8 % represents one student out of twelve students

that responded incorrectly to these questions.

The analysis of the chapter test also appears to support the findings of Rivet and Krajcik

(2008) that utilizing prior knowledge and the everyday life experiences of students serves as a

springboard for understanding complex science concepts. Students answered the questions on
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diffusion, osmosis, respiration and cell membrane selectivity correctly 92 % of the time.

Table 12: Analysis of Test Questions Relating to Science Concepts in Labs

Inquiry Processes Percentage Answering Percentage Answering
Correctly Incorrectly
Diffusion. 92 8
Osmosis. 92 8
Respiration 92 8
Cell Membrane Selectivity 92 8

Number of students taking the test was 12.

Learning to Analyze Data

The results of the pre-inquiry assessment, post-inquiry assessment, laboratory exercises, and
chapter test suggest that students are learning to analyze their data. Most students appeared to
grasp the science process skill of analyzing data. This was indirectly supported by the fact that
students displayed a positive correlation in the final class evaluation that showed the class helped
them to learn to think through a problem. It was also indirectly supported in the post-inquiry
assessment where 100 % of the students could correctly formulate a hypothesis on the problem.
Another indirect proof was that between 100 % and 92 % of the students could formulate a
hypothesis on all four laboratory exercises. In order to analyze data you must know the question
you are seeking to prove or disprove. Student acquisition of this skill was also directly supported

by the fact that 88 % of them could formulate a relevant data analysis of the problem on the post-
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inquiry assessment. An even more direct support for the acquisition of this skill was that on the
four laboratory exercises: 90 % of the students could formulate a relevant analysis of the data in
the diffusion lab, 66 % of the students could formulate a relevant analysis of the data in

the osmosis lab, 82 % of the students could formulate a relevant analysis of the data in the
respiration lab, and 87 % percent of the students could correctly formulate a data analysis on the

cell membrane selectivity lab.

Learning to Synthesize Conclusions

The results of the pre-inquiry assessment, post-inquiry assessment, laboratory exercises, and
chapter test also suggested that students are learning to formulate a conclusion. Most
students appeared to grasp the science process skill of synthesizing conclusions. This was
indirectly supported by the fact that they stated in the final class evaluation that the class
helped them to learn to think through a problem. It was also indirectly supported in the post-
inquiry assessment where 100 % of the students could correctly formulate a hypothesis the
problem. In order to analyze data and synthesize a conclusion, you must know the question you
are seeking to prove or disprove. Another indirect proof was that between 92 % and 100 % of the
students could formulate a hypothesis on all four laboratory exercises. Student acquisition of this
skill was more directly supported by the fact that 88 % of them could formulate an analysis of
the problem on the post-inquiry assessment. An even more direct support for the acquisition of
this skill was that on the four laboratory exercises 100 %, 75 %, 73 % and 75 % of the students

could correctly synthesize a conclusion on their lab reports.
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Learning Content Material

Most students appeared to learn the county and state mandated content material for cellular
processes. This was directly supported by the fact that ninety-two percent of the students got all
four questions concerning cell membrane selectivity, diffusion, osmosis and respiration correct
on the chapter test. Another direct support for content learning was that on the four laboratory
exercises one hundred percent, ninety percent, eighty-two percent and seventy-five percent of the
students could correctly explain the scientific principles involving cell membrane selectivity,

diffusion, osmosis, and respiration.
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CHAPTER 5: CONCLUSIONS

Introduction

The focus of this study was to determine whether or not the use of guided inquiry based labs
can improve the performance in analyzing data and conclusion synthesis in 6™ grade Life
Science. The cellular processes of diffusion, osmosis, respiration, and cell membrane selectivity
were studied in lab and class. The student subjects included twelve sixth grade Life Science
students from my largest three classes so as to get students with a wide range of abilities.

Data were collected through a variety of ways such a science survey to determine student
perceptions towards science and science learning, an inquiry assessment to determine student
knowledge of inquiry elements and processes, laboratory exercises to introduce students to
specific scientific ideas such as diffusion, osmosis, respiration and cell membrane selectivity, a
chapter test to determine whether or not content material has been learned, and a final class
evaluation to determine the effectiveness of class activities and strategies. The data were
analyzed to determine both specific and general emerging themes.

The five generalized emerging themes that came from the data were: students are learning
from the guided inquiry process, students learn more from the inquiry process than by having
someone tell them the facts, students are learning to think, students learn more by working with
others, and students gain confidence and competency by doing inquiry.

Specific emerging themes from the pre- and post-science surveys appear to suggest that
students do think about what they are thinking (metacognition), learn more if they have a choice
about what they are learning, understand more of what they are learning if they can talk it over
with a partner, learn more when they work in a group and share ideas, find that discovering
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answers to their own questions is interesting, like to discuss what they have learned, learning is
finding out about things that interest them, do not think they can learn more from reading than
doing, and think that facts discovered on their own are more memorable than facts someone else
tells them.

The specific emerging themes from the final part 1 classroom evaluation suggest that the
following classroom activities showed a higher positive correlation in helping students learn:
working with lab partners, hands on labs, the teacher showing examples and explaining, and the
way class was taught. The specific emerging themes of part 2 of the final class evaluation which
demonstrated a more positive correlation to classroom learning are: making lab observations,
feeling confident they can do a lab and get results, and understanding what the data are showing
them. The specific emerging theme of part 3 of the final class evaluation that shows a positive
correlation to classroom learning is the following statement: students maintain they have learned
how to think through a problem or question.

The analysis of the chapter test also appears to support the findings of Rivet and Krajcik
(2008) that utilizing prior knowledge and the everyday life experiences of students serves as a
springboard for understanding complex science concepts since students answered the questions
on diffusion, osmosis, respiration and cell membrane selectivity correctly 92 % of the time.
Rivat and Krajcik (2008) also maintain that contextualized instruction, which seeks to use
current events or relevant situations that occur outside of the science class that are of personal
interest to students, will serve to motivate and engage students in targeted science learning.

Experimenting upon Gummy Bears is of great interest to sixth graders.
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Performance in Analyzing Data

It would appear from the analysis of both the laboratory exercises and the inquiry
assessments that students appear to grasp the science skill of analyzing data. Data analysis in the
inquiry assessments went from 9 % in the pre-inquiry to 88 % in the post-inquiry. Their
performance in the laboratory exercises showed a somewhat different picture. The labs increased
in difficulty as the science concept increased in complexity. The labs followed this sequence:
diffusion, osmosis, respiration and cell membrane selectivity. Students were able to formulate a
relevant analysis of the data 90 % of the time in the diffusion lab, 60 % of the time in the
osmosis lab, 82 % of the time in the respiration lab and 87 % of the time in the cell membrane
selectivity lab. There was a decrease in performance with the osmosis lab, an increase in
performance with the respiration lab followed by a slight increase in performance with the cell
membrane selectivity lab.

During the osmosis lab, students measured the water weight gain of their Gummy Bears when
soaked in water to simulate osmosis. Measurement issues emerged during this lab because the
Gummy Bears became slimy and difficult to handle and therefore difficult to weigh after being
soaked in water. Students love Gummy Bears and squeezed them when handling them, which
forced water out of the Gummy Bears so that they weighed less. These observations agree with
the findings of Kanari and Millar (2004) and Germann and Aram (1996) that students may not be
aware of the need for accuracy in recording data, observations, procedures, and results. This may
explain the reason why some Gummy Bears lost weight after being soaked in water, and why
student data collection appeared to be flawed in a few cases, and thus yielded erroneous results.

The difference between student performance in the inquiry assessments and the actual lab
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performance may be explained by the difficulty in applying a skill one may understand in

one’s head to an actual real world application. This result in learning to analyze data tended to
reinforce the National Research Council’s (2007) statement that students may improve in their
performance of science skills as they age, but this is not a uniform progress with either age or the
individual. Students may have needed more opportunities according to Hanuscin and Park
Rogers (2008) to practice the basic science skills of observation and inference which help in data
analysis as well as conclusion synthesis. They may have also needed more discussions with other
students and their teacher in order to sharpen their reasoning skills. Students did get more
competent in data analysis as they got more opportunities to practice in lab so that they achieved

an overall success rate of 88% on the post-inquiry assessment.

Performance in Conclusion Synthesis

Students appeared to have grasped the skill of conclusion synthesis according to an analysis
of laboratory exercises and inquiry assessments. Student performance in learning to synthesize a
relevant conclusion to an inquiry lab showed a decrease in performance after the osmosis lab
followed by another decrease in performance after the respiration lab, and then an increase in
performance after the membrane lab. Students appeared to have a more difficult time in learning
to synthesize a conclusion, which is a summary analysis of the entire lab and the scientific
concepts it seeks to demonstrate. Student performance in conclusion synthesis went from 6 % in
the pre-inquiry to 88 % in the post-inquiry.

These results tend to prove the National Research Council’s (2004) assertion that conceptual
knowledge such a scientific theory or principle is a type of knowledge that is not likely to have

been learned in everyday life experiences. It usually requires time to be spent in the inquiry
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process to develop this knowledge, and students often require help in grasping these highly
organized concepts (National Research Council, 2004).

The insights developed by Vellom and Anderson (1999) in their article about the relationship
between experience with phenomena observed or collected during laboratory experiments and
scientific theories appear to apply here. Scientists in real life are primarily engaged in a search
for patterns that explain experimental or real world phenomena, and data collection serves as a
means to this end. Some students may do poorly in conclusion synthesis because they have less
experience and are unable to find these patterns, and so cannot link observations to scientific
principles in order to interpret their results according to Vellom and Anderson (1999).

Students may also be unaware of the variety of cognitive strategies available to them, which
is very important to being able to decide when, where and how to employ them in organizing and
interpreting facts and data into related pieces according to the National Research Council (2007).
Being aware of one’s own limitation in knowledge such as knowing the difference between
opinion and evidence is important in being able to reason in a scientific context within a
scientific inquiry (National Research Council, 2007). Students may also struggle to formulate a
conclusion according to Hanuscin and Park Rogers (2008) because they need many opportunities
to practice the basic science skills of observation and inference, as well as more discussions with
other students and their teacher. Students did get more competent in conclusion synthesis as they
got more opportunities to practice in lab so that they achieved an overall success rate of 88% on

the post-inquiry assessment.
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Discussion

While inquiry based laboratory exercises appear to improve student performance in such
science process skills as data analysis and conclusion synthesis, the author has much to learn
about teaching complex scientific ideas to younger children. This study has helped me see places
in my practice which need to be changed in order to help my students learn more deeply and to
make them become more interested in science.

My students did not have much actual experience with the inquiry process and were not
familiar with such inquiry elements as the independent and dependent variables, constants,
controls, data analysis and conclusion synthesis. They appeared to enjoy conducting most of the
experiments, but found analyzing the data and synthesizing a conclusion to be challenging. They
got “right to the point” as they saw it in their writing and reasoning. This outcome might be
explained by the National Research Council (2007) findings that younger students have not had
much experience and have less prior knowledge upon which they could draw for help in
conducting an experiment, or analyzing data and synthesizing a conclusion. A few students also
had difficulty in handling unexpected results or situations as mentioned by Kanari and Millar
(2004). Some students focused on the data which proved their hypothesis and ignored contrary
data, which demonstrated relation-based scientific reasoning according to Tytler and Peterson
(2004). Others had trouble calculating percentages and entering data into their data tables as
mentioned in the article by Amsel and Brock (1996).

A few of the students appeared to use phenomenon-based reasoning as described by Tytler
and Peterson (2004). They were not able distinguish between an explanation for data occurrence

and a description of the occurrence. They were looking, seeing and enjoying, but not using a
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critical eye. Their performance bears out the National Research Council’s (2007) assertion that
young students like to experiment, but their experiments are not systemically structured and their
observational and reasoning skills are less than perfect

It appeared that many of the students were not ready developmentally to engage fully in the
inquiry process. Though it did seem to inspire them towards discovery since the statement of
concerning facts they discovered on their own were more memorable than facts someone else
told them became much more important to them during the post-science survey. They also
appeared to desire to take control of their own learning since the statement I learn more if I have
a choice about what I am learning also became most important to them during the post-science

survey.

Recommendations

I believe that more research needs to be done on not only how younger students learn science
using the inquiry process, but how they develop the ability to utilize science process skills such
as data analysis and conclusion synthesis. More research needs to be done on the mental
development of younger students and their reasoning processes. Research needs to be done on
selecting or formulating strategies that can succeed and develop younger minds.

This research project has greatly opened my mind and heart to the abilities and needs of
younger students. I think that inquiry has great potential to further science education because
students find sustained interest and engagement with this strategy. Though Life Science in my
district is not currently structured towards inquiry, I will work towards structuring my classes so

that my primary method of teaching content is inquiry driven.
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6™ Grade Science Survey

Directions: Read each statement and circle the appropriate response.

SA: Strongly Agree
A: Agree.

SD: Strongly Disagree
D: Disagree

(1) Learning is boring.

(2) I learn best by reading chapters and
answering questions.

(3) As | learn, it is important to think
about my thinking.

(4) I learn more if | have a choice about
what | am learning.

(5) When | talk things over with a partner,
| understand more about what | am learning.

(6) I learn more when | work in a group and
share ideas.

(7) Discovering answers to my own questions
is interesting.

(8) The best way to measure learning is for
my teacher to give tests.

(9) I learn more when | work alone.

(20) I like to discuss what | have learned.

(11) Learning is finding out about things that interest me.

(12) Learning about science is only important for
kids who want to become scientists.
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(13) I am a scientist. SA° A D SD

(14) 1 enjoy reading science nonfiction books. SA° A D SD
(15) A scientist asks questions. SA° A D SD
(16) Science textbooks are the best books SA° A D SD

to read to learn about science.

(17) Scientists should answer old questions SA° A D SD
before answering new ones.

(18) I can learn more by reading than by doing. SA° A D SD

(19) Facts | discover on my own are more memorable SA A D SD
that facts someone else tells me.

(20) Reading math, and social studies are all parts SA° A D SD
of science.

(21) What do you think science is? (answer below or on another sheet of paper)

(22) Describe how you mostly learned science in previous years. Did you primarily
read about science? Do experiments? (answer below or on another sheet of paper)
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Name Period Date

Inquiry Assessment

Directions: Read the following paragraphs and answer the questions as
completely as possible.Attach additional pages if necessary.

1. Mr. Smith thinks that a special coffee from the Mule’s Kick Company will improve the productivity of
his workers on the firework’s assembly line. He creates two groups of 50 workers, each and assigns
each group the task of correctly inserting the fuse into a small firecracker. Group A is given the special
coffee to drink while they work. Group B is not allowed to drink the special coffee. After one 8 hour work
day, Mr. Smith counts up how many firecrackers that have had a fuse inserted correctly. He found that
Group A had correctly inserted 4,213 fuses into firecrackers and Group B had inserted 2,579 fuses
correctly into firecrackers. Please answer the following questions:

(a) What question is Mr. Smith trying to answer?

(b) Is there a control group? If there is a control group, what is it? What function does a control group
serve? If there is not a control group, what could serve as a control group?

(c) Is there an independent variable? If there is an independent variable, what is it? What function does an
independent variable serve? If there is not an independent variable, what could be one?
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(d) Is there a dependant variable? If there is a dependent variable, what is it? What function does a
dependent variable serve? If there is not a dependent variable, what could be one?

(e) Is there a constant or constants? If there is a constant or constants, what is it or what are they? What
makes a constant a constant? What function do they serve?

(f) How should the results of this experiment be analyzed?

(g) What should be the conclusion in this experiment?
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(h) Can this experiment be improved? Explain why or why not.

2. Larry has noticed that his bathtub is beginning to be covered with a smelly, black mold. His neighbor
tells him that Root Beer will get rid of that mold pronto. Larry decides to spray half the tub with

Root Beer and the other half with Mountain Dew. He does this every morning for five days. At the end
of the five days, he notices that the mold has gotten worse all over. Please answer the following
questions:

(a) What question is Larry trying to answer?

(b) Is there a control group? If there is a control group, what is it? What function does a control group
serve? If there is not a control group, what could serve as a control group?

(c) Is there an independent variable? If there is an independent variable, what is it? What function does an
independent variable serve? If there is not an independent variable, what could be one?
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(d) Is there a dependant variable? If there is a dependent variable, what is it? What function does a
dependent variable serve? If there is not a dependent variable, what could be one?

((e) Is there a constant or constants? If there is a constant or constants, what is it or what are they? What
makes a constant a constant? What function do they serve?

(f) How should the results of this experiment be analyzed?
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(g) What should be the conclusion in this experiment?

(h) Can this experiment be improved? Explain why or why not.
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Class Evaluation

Part 1: How much help did you receive in learning from the following class
activities?

Was of No Help Was of Little Help Helped a Lot Helpeda
Great Deal

. Teacher Notes 1
. Teacher Lectures 1
. Reading Textbook 1
. Hands-on Labs 1
. Completing Lab Reports 1
. Working with Lab Partners 1
. Work Sheets 1
. Teacher showing examples 1
and explaining
9. Other students explaining their work 1
10. The way class was taught 1
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Part 2: How much help has this class given you in learning the following skills?

Was of No Help Was of Little Help Helped aLot Helpeda

Great Deal

1. Writing a lab hypothesis 1 2 3 4
2. Writing a lab analysis 1 2 3 4
3. Writing a lab conclusion 1 2 3 4
4. Making lab observations 1 2 3 4
5. Making graphs/tables 1 2 3 4
6. Answering lab questions 1 2 3 4
7. Understanding what the data 1 2 3 4

was showing me
8. Feeling confident | can do a 1 2 3 4

a lab and get results

Part 3: How much help has this class given you in improving in the following
areas?

Was of No Help Was of Little Help Helped aLot Helped a
Great Deal

1. Understanding main concepts 1 2 3 4
in science
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2. Understanding the nature 1 2 3

4
of science
3. Understanding how inquiry is done 1 2 3 4
4. Understanding the parts of the 1 2 3 4
inquiry process
5. Completing an inquiry process 1 2 3 4
or lab
6. Ability to think through a 1 2 3 4
a problem or question
7. Interest in science 1 2 3 4

Part 4: How much of what you learned in this class will you remember and use in

other classes and life? Did this class make you want to continue in
science and learn more about science?
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DIFFUSION
Diffusion is the movement of molecules from areas of high concentration to areas of low
concentration. Cells use diffusion to reach a state of equilibrium or balance. In this lab
investigation, you will be seeing diffusion at work with common household items.

Question: What will happen to the food coloring and the water as diffusion occurs?

Hggothesm (Predict what you think will happen in thIS lab)

{ a5 98 S Vo) <\ ‘.\ C\ 'r""".' ~e\oT Oy a ‘;Ir'z;-'
Jinl L a0 T4 L R Y, el hohoy s
3" v ) J
Materials:
Beakers Cups Food coloring Water Clock Spoon
Procedure:

Take your beaker and fill'it with 300 mL of water. Pour the water into your cup.
Place ONE drop of food coloring into the cup. Make sure that it does not splash;
you want to drop it just at the water's surface. Record your initial observations.

A -

3. After 10 minutes record your observations.
4. Then take a spoon and stir the mixture. Record your observations.
5. Clean up your equipment and your area.
6. Answer the Questions and formulate your Analysis and Conclusion.
Data Table:
o 2 Observations after Observations after
Initial observations 10 minutes stirring
' ole Hy WO i _ con -:'tf'*f-' el
Describe | -\ O o N0 4 AL St \té S
whatyou | . D (1@
saw
happening
! .
Draw what . i
you saw
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Questions: (Attach additional pages if necessary.)
1. How long did it take the water to change color?

14 e A J ” (g & A
4 looh. ook R pnus Sor a4 Ao e

2. When did the water turn a uniform or consistent color?

\ ik A\teooed & - \
Tht. Sep waa \ € Aoddan, Wt Alepid She diegn) \.\C\:\ (4N
= — +

£¢ ConSITA LN ceolse,

3. You are sitting at home and you are not feeling well. Your parent tells you to make
a glass of hot tea. Explain what happens when you put the tea bag into the hot
water. Make sure you use the following words in your explanation: diffusion,
molecules, move, high concentration, low concentration.

R 4% %
Line o taches et { +(C‘-. \Xt’u 10 (n(Js WA 1 Y e
Rk o Yoot v : i ‘ L Sle Mt

e CSnc 1 SGxah¢ sane b4 Lo L alohos 4 0O 1‘\\"\
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1\ 11 . ) 1
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i \ N < \ g \ SR
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4. Draw what happens to the tea when the tea bag is placed in the glass of hot water.
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Name:

Period: Date:

Analysis: Explain how the food coloring diffusing in water can be related to or is like the

diffusion of molecules through the cell membrane. Explain why your hypothesis
was true or false. Identify the independent variable, dependant variable,
constant(s) and control if present. Attach additional pages if necessary.
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Conclusion: Explain what happens when the food coloring was added to the water.
Make sure you use the following words in your explanation: diffusion,

molecules, move, high concentration, low concentration. Attach additional
pages if necessary.
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GUMMY BEAR OSMOSIS

Water molecules move by diffusion into and out of cells. The diffusion of water through a
cell membrane is called osmosis. Remember that the movement of molecules takes place
from an area of high concentration to an area of low concentration. Cells use osmosis to
reach a state of equilibrium or balance with the water inside of them and the water outside
of them.

Question: What will happen to the size of the gummy bear after soaking in each
substance?

Hypothesis: (Predjct what you thmk will happen in this lab)

4 dhak !l ppet o e Gfii"m\r loeav
albo( s0akig W LQ -\&hﬁ Lot ey e 3 aanniv o CG\
il ahsern Yy o 1 M gumwy beal Lo
(S TAVUIRC B €S o M\r 0L !&"t\‘l‘\ WiV Lo

Materials:

Cup Distilled Water Gummy Bear Ruler
Masking Tape Wax Paper Paper Towel Calculator
Triple Beam Balance Sharpie

Procedure:

1. Use the Sharpie to label your cup with your names and class period.
2. Use the ruler to find the height and width of your gummy bear.

&

Height

v

“Width
3. Use a triple beam balance to find the mass of your candy bear.
a. Use a piece of wax paper to protect the pan of the balance.

(‘t‘\
b. Mass of the wax paper = (/) m

c. Mass of the gummy bear and wax paper= /5@\
7 7
d C-B= = mass of the gummy bear
4. Record descnptwe observatuorrssabout the gummy bear.
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Put your gummy bear into the cup.
Set the cup aside for one day.

Qo: O Oh

Fill your cup Y2 way full with distilled water (not water from the sink).

After the gummy bear has been in the distilled water overnight, gently take it out of

the water and pat it dry. Be very careful because the candy is now breakable.

9. Use the ruler to find the height and width of your gummy bear.

10.Use a triple beam balance to find the mass of your candy bear.

Mass of the wax paper =

a o o ®

G-BE__ ¢ R

L

Data Table:

Mass of the gummy bear and wax paper =

Use a piece of wax paper to protect the pan of the balance.

= mass of the gummy bear

Record your measurements and observations in the data table below.

Before Soaking in Water

After soaking in Water

Height: | '/ . v Height: \
|/ C W
Width: \ g Width:
Mass: Q (l A Mass:
Observations: P Observations:
: . e
SEOT mows tike
(ﬁ \J:’fT .:Fﬁff. &k
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(Jfﬁ & AEST Y
P University of Central Florida IRB
. i1UCF IRB NUMBER: SBE-08-05941

97

IRB APPROVAL DATE: 11/24/2008
IRB EXPIRATION DATE: 11/23/2009



\ l ‘\ rﬁ\&\\\

<

MSS

€( an\iie

(C__".‘.

W

Name: Period: Date:

Calculations: Calculate the percent change in the size of the candy. Show all work
in the area below equations!

% Change in Candy Height = (Height after soaking) — (Height before soaking) X 100
(Height before soaking)

% Change in Candy Width = (Width after soaking) — (Width before soaking) X 100
(Width before soaking)

% Change in Candy Mass = (Mass after soaking) — (Mass before soaking) X 100
(Mass before soaking)

L

Graph: Graph the percent changes on a Bar Graph in the area below. Label the x-axis
as percentages and use the y-axis to place the height, width and mass bars upon.
Use a ruler for neatness.

\\() Wl 4 Rrasin ) 1 ¢\
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ANALYSIS: Explain how what happened to the candy after it was soaked can be related
to or is like the process of osmosis in cells. Explain why your hypothesis
was true or false. Identify the independent variable, dependant variable,
constant(s) and control if present. Attach other pages if necessary.
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CONCLUSION: Explain the results of this lab investigation using the concept of
OSMOSIS. Make sure to use the following words: osmosis, water,
diffusion, high concentration, low concentration, and gummy bear
measurement changes. Attach other pages if necessary.
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RESPIRATION: HOW SWEET IT IS!

Respiration occurs in the cells of all living things. During respiration, chemical reactions
occur that break down food molecules into simpler substances and release their stored
energy. Glucose, a type of carbohydrate, is being broken down into carbon dioxide and
water in order to release stored energy during respiration that will be used by an organism
to power its life processes.

Question: Do various sweeteners provide more or less energy to yeasts during their
respiration process?

Hypothesis: (Predict what yqu think will happen during the experiment) )
i € in 4 \Eﬂ"fi 0 W/ suqac & yeas, | e “

Diodiyure Jla 2 ~7Qﬁ¥

] T A TV = N
Zippered clear plastic freezer bags Very warm water
Rapid rise yeast Packets of sugar
Permanent marking pens Packets of Sweet ‘n Low (saccharin)
Measuring teaspoon Packets of Equal (aspartame)
Metric ruler Very warm grape juice and lemon juice
Graduated cylinders Large, graduated beaker (500 ml or better)

General Procedure:

1. Each group will have a control in addition to testing 3 sweetened liquids:
a. First bag will be the control and will contain only water and yeast.
b. Second bag must contain sugar, water and yeast..
c. Third bag must have an artificial sweetener, water and yeast.
d. Forth bag must contain a fruit juice and yeast.
2. Each group will have 4 plastic bags that are labeled with a permanent pen.
Each bag will be labeled with the lab partner’'s names, period, bag number
and contents. Example: Johnny Smith and Jamie Jones, 3" period, Bag # 2,
Sugar, Water and Yeast.
3. Design a Data Table on page 3 that will include the following information:
the bag number and contents of each of the four bags, and the two time
period of 10 minutes and 20 minutes. Each cell of the table will be used to
record the volume displacement of the amount of carbon dioxide gas
produced by the yeast.
In the Data Table under Bag # 1 write down control.
In the Data Table under Bag # 2 write down “Sugar”.
In the Data Table under Bag # 3 write down “Equal’ if you use Equal or “Sweet ‘n
Low” if you use Sweet ‘n Low.

L Ll

University of Central Florida IRB
UCF IRB NUMBER: SBE-08-05941

IRB APPROVAL DATE: 11/24/2008

IRB EXPIRATION DATE: 11/23/2009

101



(35 ]

7. Inthe Data Table under Bag # 4 write down “Grape Juice” if you use grape juice
or “Lemon Juice” if you use lemon juice.

Detailed Procedure:

1. For Bag # 1: Place 30 ml. of very warm water in the bag, then place 1 teaspoon of
yeast in the bag. Press the air out of the bag then seal the bag and mix well.

2. For Bag # 2: Place 30 ml. of very warm water in the bag, then place 1 packet
of sugar and 1 teaspoon of yeast in the bag. Press the air out of the bag then
seal the bag and mix well.

3. For Bag # 3: Place 30 ml. of very warm water in the bag, then place either 1

_ packet of Sweet ‘n Low or 1 packet of Equal and 1 teaspoon of yeast in the bag.
Press the air out of the bag then seal the bag and mix well.

4. For Bag #4: Place 30 ml. of either very warm grape juice or very warm lemon juice
in the bag, then place 1 teaspoon of yeast in the bag. Press the air out of the bag
then seal the bag and mix well.

5. All bags must remain at a constant temperature so everyone must hold a bag
in their hands or place it carefully under your armpit for 10 minutes to keep it
warm so the yeast can “respire”.

6. After 10 minutes is up, you will determine the amount of carbon dioxide the yeasts
have produced after respiration of the “sugar” or “sugar substitute” using volume
displacement.

7. Todo this, put your bag into a large, graduated beaker that is filled with 300 ml. of

water. Record the new level of water in ml. on a piece of paper after the bag is

placed into the large beaker. Subtract the new water level from the old level. This
new number is the “approximate” amount in ml. of carbon dioxide that the yeast
have produced during respiration. Do this for each bag!

Record this volume in the Data Table in the 10 Minute Row for each Bag #.
Now dry off the bags gently with a paper towel (make sure the seal is tight!) and
repeat steps 5, 6, and 7 again by keeping the bags warm again for another 10
minutes and then measuring the volume displacement, which is the difference
between the water levels before and after the bag is placed into the beaker to see
if the yeast have produced more carbon dioxide.

10.Record the new volume in the Data Table in the 20 Minute Row for each
Bag #.

11.Clean up!

w
oy
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Name: Period: Date:

ol S 20400 [ Vol Dis. .m_'j'
10m) |Om)

50{‘*’)} ll/ J\SO / ™))
EQual | swééiir [ 2 'i,;,?f*t

|Om) [Om | [0 ™)

'./b 'l

|emnacde ]J’: oN

)\") 'T'l L .)lv‘ - A" --24
B m )
@ Bag 1 (conm\)-v wrmr ¥ Yeask
bc‘j 2~7 watery yeoest 1 S 12 a

Dag3 —5 (yaltlh + Yeact + False augm“(anVs\ucoi..'\ low)
7 oo rer Yfa

Create a bar g@ghjo?your results be ow. The tlme (ln mmutes) should be én the x-axis
and the amount of carbon dioxide produced in ml. along the y-axis. Use a ruler to be neat!
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QUESTIONS:

1. Using your lab results, do you think that sugar and the fruit juice provide the same
amount of energy? Explain. ) ) )
No.sugar agovr the yeast tole enerau APC 3 hes

haa 2 (WY sugac)hagl 2%0-U) M. Veha L /'.L"/’E.-E

)ac’J D ml, FDQJ L\ '-J/OFQI:\ wice [Produce 204a.250n | (o3 3qq
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weask G, (espite 7 )‘)’rn:d uc€ Coa ging il

2 Using your lab results, do you think the sugar substitute provided the same
amount of energy as sugar? Explain.
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3. Using the lab results of your group and others, do you think that each type of
sugar substitute produced the same amount of energy? Explain.
Neithe Falke sugac O ave the oo st ﬂlerﬁ\/
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4. Using the lab results of your group and others, do you think that each type of
fruit juice produced the same amount of energy? Explain.
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expenment-? What»sweetenerwuwdﬁeyeasHo pmduoeth&seeonct
largest amount of gas-in your-experiment? What sweetener caused the-—
yeast to produce the least amount of gas in your experiment? What gas.
did the control produce? How-is respiration.in yeasts-like-respiration-in—
humans? Explain why your hypothesis was true or false. |dentify-the _

independent variable, dependantvariable; tonstant(s) and control.if —
present. Attach other pages if necessary.
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CONCLUSION: Explain the results of this lab investigation using the concept of
RESPIRATION. Make sure to use the following words: respiration,
chemical reaction, break down, amount of stored energy in each
sweetener or sugar substitute, amount of carbon dioxide produced by

yeast respiring each sweetener or sugar substitute. Attach other
pages if necessary.
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MOLECULE MOVEMENT ACROSS AN EGG MEMBRANE

The cell membrane is the protective layer around all cells. The cell membrane regulates
interactions between the cell and its environment. The cell membrane utilizes various
methods such as diffusion, osmosis, facilitated diffusion, active transport, endocytosis and
exocytosis to move various substances into and out of the cell. The cell membrane will not
permit certain substances to enter the cell.

Question: What effect will soaking in various substances have on the mass and
circumference of the egg?

Hypothesis: (Predict whaﬁ {ou think will happen in this lab)
J. i 2 A AL Cr A 2 4 2 -

| I
L |
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Materials:

Beaker for measurement Egg String
Plastic Cups Metric Ruler Vinegar :
Water Corn syrup Triple Beam Balance
Procedure: , O )v
9, \J j*\ | €
1. Place an egg in vinegar for two days. Remove any shell left on the egg. £ » Y
2. Choose an egg. Write your names and period number on the cup. { \,\ ;
3. Measure the circumference of the egg in millimeters with the string. Record the | (c ‘
measurement on the data table below in Day 1-Vinegar. o
4. Measure the mass of the egg in grams and record the data in Day 1-Vinegar.
5. Place your egg in your cup. Cover the egg overnight in water.
6. Remove your egg from the water on Day 2.
7. Measure the circumference and the mass. Record your data in Day 2-Water.
8. Place your egg in your cup. Cover the egg overnight in corn syrup.
9. Remove your egg from the corn syrup on Day 3. :
10. Measure the circumference and the mass. Record your data in Day 3-Corn Syrup. ’ €
11.Place your egg and cup in the trash and clean up. 91 C (o
{ > S 1
Data/Observations: PEv,4, 1
>~ ' P
Data Table: Egg measurements over time O ’f‘) y // o« )
Measurement Day 1- Vinegar Day 2 -Water Day 3- Corn syrup
Mass On O . M v
e QO ' oM 1q
Circumference ol Nz I~ >
W) m [ allOmn l -I' rrm
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Observation Notes: (Describe any changes in the egg that you can note with your
senses. By sure to list the changes by day and substance.)

e Cog Clo 0T 1D
() SWANN g Tale eSSt Coet o - uwwae( RBefdre
e @\ (k4 oHI feelEd DSl 4 { a =hell.

Graphs:

Make two Bar Graphs below. %rle_%[aﬂshould be of the Egg’s mass in vinegar, water
and corn syrup. The x-axis on the Mass graph should be used to record the mass in
grams. The y-axis on the Mass graph should be used to place the bars for vinegar, water
and corn syrup. The other graph should be of the Egg's circumference in vinegar, water

, and corn syrup. The x-axis oA the Circumference graph should be used to record the
| circumference in millimeters. The y-axis on the Circumference graph should be used to
\ place the bars for vinegar, water and corn syrup. Attach additional pages if necessary.
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Questions: (Attach additional pages if necessary.)

1. Explain the difference between what happened to the egg in water and in corn syrup.

W Ean qQInEQ fo. ' g@a 6F wiated ond weiched

\O(o ¢ \QQ v'\-";) A \f‘t \ olacdd i WAC Laedkl o The €¢all
o) Bl 2 gerirnd  oF Lae O O Y B
S p oD AMITOUD el eic { (oQ'Faranga .

2. Calculate the mass of water that moved into and out of the egg.

. . T
(‘El("\ \"\l'l 2 'IA‘&» La) C‘ (f\ l‘ / O\ (\f‘} | f'\ “ (‘""| .’ .
’3(1 c% Ty - 1«& WOH€e € yinev€ z"\ O wuid= O A A€ \E&)C\ 4

U
3. Why do you think that you used an unshelled egg for this experiment?
W€ weéce Acuipa 30 ynedé o, oa e ML a e
ASK Ree, ShEIH 1O tarves1Cs voX 50 wof hael fe
= & o oy vy £ i

£ A the egg centrolle water's movément into and out of theegg.
the movement of wateFinto-and §ut of a cell calleti2:Why-does-water move into
nd out.of Various areas(be sure fo mention the concentratioris in theﬁiﬁteas)%

-t - 1 ) . / | l . |4
NNE Caas wwemprant ay \er ¢ S hel
\\ow&:Lr‘u W r,-'i"' r 3o NI Lnsdetae  eaa
ﬂ’\(‘ A C',} " 11'{ of u yede ¢ M Cipe ‘t Y 1T L e & li\,
g Tm, f 7‘ 1 ¥ 31} “_k':l < \ &~ | |

> e G OV qu\né
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Analysis: Explain how the movement or non-movement of vinegar, water and corn syrup
through the egg's membrane can be related to or is like the transport of various
substances across or through the membrane of a cell. Explain why your
hypothesis was true or false. Identify the independent variable, dependant
variable, gonstant(s) and control if present. Attach additional pages if necessary.
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R
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APPENDIX J: CHAPTER TEST
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Chapter 3 Test “Cell Processes”

Multiple Choice (6 points for each correct answer)

.1, Which statement BEST describes how the cell membrane is like a window screen?
A. It allows nothing in and out of the cell
B. It allows only water to pass into and out of the cell freely
C. It allows only nutrients to move into and out of the cell freely
D. It allows certain substances to enter the cell but not others

L. 2. The movement of materials through the cell membrane when energy is required is called:
A. osmosis.
B. diffusion.
C. active transport.
D. passive transport.

\_ . 3. The raw materials needed by photosynthesis are:
A. sugar and water.
B. sugar and oxygen.
C. carbon dioxide and water.
D. carbon dioxide and oxygen.

\_ 4. Which statement about photosynthesis and respiration is true?
A. photosynthesis produces the products needed for respiration
B. respiration stores energy and photosynthesis releases energy
C. photosynthesis and respiration are the same process
D. photosynthesis and respiration do not have anything to do with energy

. 5. What does the Sun provide that living things need?
A. energy
B. food
C. water
D. carbon dioxide

_ 6. The products of cellular respiration are:
A. energy, carbon dioxide, and water.
B. sugars, starches, and alcohol.
C. glucose, oxygen, and water.
D. alcohol, lactic acid, and energy.

| 7.The movement of substances through a cell membrane without the use of cellular energy is
called ?
A. diffusion
B. active transport
C. osmosis
D. passive transport

University of Central Florida IRB
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| 8.The process that requires cellular energy and uses transport proteins to bind with particles and
move them through a cell membrane is called ?
A. diffusion
B. active transport
C. osmosis
D. passive transport

Fill In The Blank (6 points for each correct answer)

9. A process, which occurs in cells that lack oxygen or one-celled organisms, that releases small
amounts of energy from glucose molecules and produces wastes such as alcohol, carbon dioxide and
lactic acid is called "\ [

10. The process by which producers and consumers release stored energy from food molecules is called
R e

11. A process used by plants and many other producers use light energy to produce simple sugars
from carbon dioxide and water that results in the release of oxygen is called
\~ \ .

a7tk

12 The random movement of molecules gom an area where there is more of them to an area where there
is fewer of them is called ___ Y\

13._ ¢ occurs when molecules of one substance are spread
evenly ﬁlroughout another substance in equal numbers in each substance.

14. A type of passwe lranspon that occurs when water diffuses or moves through a cell membrane is

called (/on
15. The total of all chemical reactions in an organism is called 1 "\=— = ¢ 0 I g
b = ‘.".;f*‘-:fv'
Short Answer (5 points for each correct answer) v g Y YC ¢ &
-
16. Compare and contrast respiration and fermentation.
e ; v ¢ \
\
| @] }
. ) Y - \
o
17. Explain how photosynthesis, respiration and fermentation are related?
\ 12 i } 2
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