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ABSTRACT

The research in this study was designed to answer the research question: Does
teaching chemistry by the method of guided inquiry correct student misconceptions?
Two chemistry concepts were the focus of the study. One concept studied was the
production of light by atomic emissions (including characteristic properties of both waves
and light). The other concept studied was acid/base theory. A two-tiered multiple-choice
pretest was administered to participants before the start of each unit. Following each
unit, the same two-tiered multiple-choice test was administered as a posttest. Sixty-four
students from a semi-rural high school in Northwestern Pennsylvania participated in the
study across three levels of chemistry: Advanced Placement Chemistry, Chemistry I, and
Conceptual Chemistry. The mean score increased in the positive direction for
participants in all three levels of chemistry by the time of the posttests. In addition, many
students provided answers with written responses that indicated that certain previously
documented misconceptions had been corrected. Also, most of the participants were able
to successfully apply the scientific method to complete culminating authentic assessments
during the study. These conclusions are substantiated by both quantitative statistical data
and qualitative written response and interview data. Students in Chemistry | experienced
the most substantial gains among the participants. The students in this study reported that
they had gained more understanding from guided inquiry activities and preferred this

form of science instruction in chemistry.
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Chapter 1:

Introduction and Statement of the Problem

Introduction:

The launch of the Sputnik rocket in the 1950s shook our nation to a realization
that a revolution in math and science instruction was necessary. Almost 50 years later,
American educators are once again shaken to realize that because students pale in
comparison to peer students in other countries in basic algebra and physical science
skills, another revolution is needed. In 1994, Boston College launched an international
study of student skills in mathematics and science, called the Third International
Mathematics and Science Study (TIMSS)' as a meaningful measurement of educational
systems worldwide. A schematic of the conceptual framework of content-related
educational experiences that were used for the design of measures and analyses for the
TIMSS can be seen in Figure 1°. According to the TIMSS, U.S. children in fourth grade
ranked very high in comparison to the other 50 nations that took part in the study.
However, these same U.S. students slipped to average level achievement by eighth grade,
and slumped to the lowest achievement by 12" grade! “The most ‘startling finding’ in
the TIMSS study...is that those U.S. students who are considered to be the best and
brightest in science — the top 2 or 3 percent — also sink to the bottom™'. It was also found
that U.S. students had marked weaknesses in reasoning and problem solving. In addition,
U.S. students were the poorest of all countries when asked to find rules for or generalize
about a natural phenomenon’. Even though U.S. students scored better than the cross-

nation mean, mean student scaled scores were significantly higher for students in other
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Figure 1: TIMMS Conceptual Framework’

countries. Encouragingly, however, there were only four to seven other countries that
scored significantly higher than the U.S. across earth science, chemistry, and physics®,
William Schmidt’, a professor at Michigan State University, attributes this decline in
math and science performance to three factors: curriculum, teachers, and students.
Focusing on curriculum, Schmidt points out that science teachers spend much of their
valuable class time each year revisiting topics already covered in previous years. Student
retention of ideas seems to be very low from one year to the next. In addition to low
retention of knowledge, most U.S. teens complete their two or three years of science
requirements by taking only life and earth sciences, never seeing topics in chemistry and

physics. Focusing on teachers, Schmidt indicates poor pre-service teacher training in the



physical sciences is a problem. He is quick to point out that most schools offer very little
in the way of meaningful professional development to their math and science teachers”.
In addition, data from the TIMSS teacher questionnaire administered in 1995, showed
that only 35% of U.S. science teachers reported asking students “often” to write
explanations for natural phenomena and only 25% reported that they “often” use tables,
charts, and graphs in their lessons’. Finally, focusing on students, Schmidt indicates that
most students struggle with concepts in basic algebra and the physical sciences. This, in
turn, keeps many students away from advanced science studies where they would be
exposed to higher-level science process skills’.

Since the release of the TIMSS findings, the “buzz word” in education has
become accountability. The scientific community was quick to respond to this study,
producing a set of comprehensive national science guidelines in 1996 by the National
Research Council known as the National Science Education Standards (NSES)®. The
NSES clearly define to the scientific community what all K-12 students should know,
understand, and be able to do in all aspects of science. In addition to the NSES, the No
Child Left Behind Act of 2001 further assures that schools are operating to improve
student achievement. In NCLB, two important tenets of educational reform exist:
accountability for results, and an emphasis on doing what works based on scientific
research. This act also seeks to improve teaching and learning by providing better
information to teachers and principals, to ensure that teacher quality is a high priority,
and to place more accountability on state and local agencies7. This, in turn, has led to
both state and local standards for science and technology being developed nationwide.

Analysis of many of these state and local standards, as well as the NSES, reveals that the



emphasis in the classroom should be in developing inquiry skills among students to
improve understanding of scientific concepts. More specifically, the new national
curriculum calls for “inquiry as content”.

So, why do students score poorly on the science portion of the TIMSS and turn
away from studies in the physical sciences? Sheila Tobias® addresses this question
thoroughly in her book titled: They 're Not Dumb, They 're Different: Stalking the Second
Tier. One student, “Michele”, was quoted in Tobias’ book as being alienated by:

Too little time allotted to simply reading the text. This reinforces the message

that doing problems is all that is called for. A course design that assumes that

everyone in the class has already decided to be a physicist and wants to be

trained, not educated in the subject.

“Michele”™

Another student in Tobias’ study, “Eric,” indicated that science courses appear difficult to
students because they are difficult to get a good grade in, time consuming and/or boring,
dull, and simply not fun®. Tobias seemed to sum up the feelings of her “second tier”
students by saying in her final speculations:
They hungered — all of them — for information about #ow the various methods
they were learning had come to be, why physicists and chemists understand nature

the way they do, and what were the connections between what they were learning
and the larger world.

Instead, the students in Tobias’ study were exposed to the “tyranny of technique” — the
drill of problem solving through algorithms and obtaining the one correct answer”.

One response to Tobias” work has been to ask what is wrong with the “tyranny of
technique™? Generations of students have been taught this way and succeeded in the
physical sciences. A classic study by Nurrenbern and Pickering’ demonstrated an

important point in regard to this question. According to the authors of this study,




“chemistry teachers have assumed implicitly that being able to solve problems is
equivalent to understanding of molecular concepts.” Their study, carried out with a
heterogeneous group of college students, showed that about two-thirds of the students in
the study did not understand one of the fundamental properties of gases — i.e.,that the gas
occupies the entire volume of the container’. Sawrey'’ further demonstrated that even the
best problem solvers had poor performance on conceptual questions in chemistry.
Sawrey proposed that this phenomenon is a consequence of the “problem-solving
campaign” or the “tyranny of technique” referred to by Tobias. Pickering'', in a later
study, supported Sawrey’s ideas by arguing that students’ difficulties with conceptual
questions seem to revolve around the lack of exposure to conceptual type questions. He
also proposed that an instructor/teacher could teach students to solve conceptual
problems. Nakhleh and Mitchell'> sum up these ideas well in their conclusion by stating:
It does not seem that presenting an algorithm and demonstrating the myriad of
problems that can be solved using that algorithm facilitate understanding of the
underlying concept. Our teaching, therefore, must take on a much more concept-
based framework...our current methods of teaching chemistry are, perhaps not

teaching chemistry, but teaching how to get answers to algorithmic problems.

The Research Question:

As pointed out earlier, Schmidt’ reported that a low percentage of teachers ask
students to observe and write explanations for natural phenomena and to interpret tables,
charts, and graphs. In response to this, the NSES®, as well as state and local standards, are
moving teachers away from didactic methods of teaching and more toward having
students make observations of natural phenomena and reflecting on their observations. In
addition, Sawrey'” supposed that the poor conceptual understanding of chemical concepts

held by students is a direct result of teaching chemistry to students by solving a myriad of



practice problems and exposing them to the “tyranny of technique” referred to by Tobias.
Nakhleh'? further indicated that there simply needs to be a revolution in the method of
teaching chemistry and developing a more concept-based framework for students.

A possible avenue for making this change is for the teacher to use guided inquiry
as a teaching tool. Therefore, guided inquiry was the focus of this research as it affects
students’ conceptual understanding of chemistry. The short term and long term effects on
student misconceptions as a result of teaching chemistry through guided inquiry were
examined. The content focus was primarily on two units: production of light by atomic
emissions (including characteristic properties of both waves and light) and acid/base
chemistry. The research question that was examined in this study was: Does teaching

chemistry by the method of guided inquiry correct student misconceptions?




Chapter 2:

Literature Review

Misconceptions

As Nakhleh and Mitchell indicated'?, students must have an understanding of the
underlying concept in order to solve a chemistry problem effectively. Difficulties often
arise in this process when students’ ideas about science are not congruent with the
accepted ideas of the scientific community. These ideas that do not agree with the
accepted theories are known as student misconceptions or alternative conceptions' as
opposed to incorrect or invalid theories. A third term, with fewer implications in learning
a chemical concept, is the alternative framework. Unlike a misconception, the alternative
framework describes a mental construct created by the student to serve as an alternative
to a scientific concept to clarify concepts or rationalize discrepancies'’. Novak'* prefers
the use of the term alternate conceptions. He clearly outlines his rationale for using this
term by saying, “Not only does it refer to experience-based explanations constructed by a
learner to make a range of natural phenomena and objects intelligible, but also it confers
intellectual respect on the learner who holds those ideas — because it implies that
alternative conceptions are contextually valid and rational and can lead to even more
fruitful conceptions.”'* Driver and Easley'® developed a theme for classifying
alternative conception studies into two groups. In one group, the nomothetic studies,
student knowledge is assessed by its conformity to (or deviation from) accepted scientific

knowledge. The data from these studies tend to be more quantitative. In the other group,



the idiographic studies, the students’ conceptual understanding of chemistry is probed
and analyzed at a personal level. The qualitative methodology of these studies

incorporates interviews that result in rich data'®.
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Several “emergent knowledge claims™ " (a collective term to describe the

knowledge born out of several research projects) have been identified in regard to
students’ alternative conceptions. These claims'* include:

Claim 1: Learners come to formal science instruction with a diverse set of
alternative conceptions concerning natural objects and events.

Claim 2: The alternative conceptions that learners bring to formal science
instruction cut across age, ability, gender, and cultural boundaries.

Claim 3: Alternative conceptions are tenacious and resistant to extinction by
conventional teaching strategies.

Claim 4: Alternative conceptions often parallel explanations of natural
phenomena offered by previous generations of scientists and
philosophers.

Claim 5: Alternative conceptions have their origins in a diverse set of personal
experiences including direct observation and perception, per culture and
language, as well as in teachers’ explanations and instructional
materials.

Claim 6: Teachers often subscribe to the same alternative conceptions as their
students.

Claim 7: Learners’ prior knowledge interacts with knowledge presented in formal
instruction, resulting in a diverse set of unintended learning outcomes.

Claim 8: Instructional approaches that facilitate conceptual change can be
effective classroom tools.

The above list applies to all misconceptions; however, in this study misconceptions about

light and acid/base theory were studied in detail.

Misconceptions about Light:
Rosalind Driver'’ points out that students are not given any formal definition for light
other than it is “a form of energy.” Therefore, students are left to construct their own

understanding of what light is and what are its properties'*. Rather than accurately




describing light, students often describe the source (light bulb) or state (brightness). Even
if children have a notion of light as an entity, they often do not think of light as a traveling
entity. In addition, the majority of surveyed students in a study by Watts'* could not
accurately explain why red light is seen coming from a red projector slide. Anderson and
Smith'® found that 72 percent of students sampled did not think of white light as a mixture
of colors. Some other common misconceptions about light and the postulates of the
quantum theory have been identified for students studying waves, light, and atomic
emissions. Although this is not an exhaustive list, these should be considered in the
process of planning for activities to address the misconceptions about light.*’

1.)  Waves transport matter.

2.) Waves do not have energy.

3.) Big waves travel faster than small waves in the same medium.

4.) Different colors of light are different types of waves.

5.) Light is just a particle or a mixture of particles and waves.

6.) Light waves and radio waves are not the same thing.

7.) There is not interaction between light and matter.

8.) Particles cannot have wave properties.

9.) All photons have the same energy.

10.) Gamma rays, X-rays, ultraviolet light, visible light, infrared light,
microwaves, and radio waves are all very different entities.

11.) When waves or pulses interfere, they bounce off each other and go in
opposite directions.

12.) When a wave moves, particles move along with the wave.

Misconceptions of Acids and Bases:

Malcolm Carr?' points out that students will develop their ideas about acids and
bases from experiences in the laboratory, in the classroom, and in textbooks.
Unfortunately, students often form alternative conceptions by confusing key phrases and
ideas associated with several models and theories (such as Lewis and Bronsted-Lowry

models). Hand and Treagust™ identified five key misconceptions about acids and bases:
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An acid is something which eats material away or which can burn you.

2. Testing for acids can only be done by trying to eat something away.

3. Neutralization is the breakdown of an acid or something changing from an
acid.

4. The difference between a strong and a weak acid is that strong acids eat
material away faster than a weak acid.

5. A base is something which makes up an acid.

Other research has shown that students often believe that the salts produced from a
neutralization reaction are neutral and the products have a pH equal to 7.0"*. Nakhleh®’
concludes that “students were unable to fully understand the acid-base chemistry because
they tended to have weak understandings of the particulate model of matter and of how
that model relates to some of chemistry’s classification systems, such as molecules,
atoms, and ions. Nakhleh further proposes that educators allot time for students to
observe acid/base phenomena and help these students develop an understanding of these
phenomena at the molecular level.

In order to understand how students construct their understanding of the natural
world and how to address the misconceptions formed by students, it is necessary to

examine learning theory as it relates to conceptual understanding.

Learning Theory

To address the teaching framework in chemistry to deal with student
misconceptions, one must look at both learning theories and modes of presentation of the
curriculum. Constructivism is one learning theory that is consistent with the teaching

framework necessary to address the concerns of Nakhleh and Mitchell'>.
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Constructivism

Constructivists believe that each learner constructs his’her own understanding of
the world in which they live. In the process, individuals search for tools to help them
understand personal experiences. Each learner makes sense of his/her world by
assimilating new experiences into what has been previously learned and to which the
learner has attached a concept. When a learner encounters an object, idea, relationship,
or phenomenon that doesn’t make sense; the learner interprets what is seen to conform to
present theories, generates a new theory to better understand these discrepant events, or
simply chooses to ignore the event™’. We, as observers, are bombarded with mountains
of sensory data on a daily basis. Much of our daily sensory input is ignored. However,
when we can apply this sensory data to a preexisting cognitive scheme, assimilation of
this data occurs. Information the learner already knows strongly influences this learning
process. Sometimes we are unable to assimilate sensory information into preexisting
cognitive schemes. This is known as disequilibration. Resolving the perceived
discrepancy can restore equilibrium of our cognitive constructs. The modification of
existing structures to assimilate discrepant events is known as accommodation. Together
these processes of assimilation and accommodation work in tandem to maintain the state
of equilibration of cognitive functions. Constructivists believe this mechanism is
fundamental to the learning process™. In addition to assimilating and accommodating for
new sensory information, learning must be meaningful. Bretz*® makes reference to the
meaningful learning set in her recent paper on human constructivism. She points out
that, in addition to the other notions of constructivists, three important conditions must be

met for meaningful learning to occur:

11



1.) The prior knowledge must be relevant and can be related in a non-arbitrary
manner.
2.) The information must be “meaningful in and of itself.”
3.) A chemistry student must make a conscious, non-arbitrary decision to
incorporate the information.
The greatest challenge for the chemistry teacher, thus, becomes making the material
meaningful and appealing to the student and making certain that the student’s
understanding of the concepts coincides with that of the teacher’®. According to Dr.
Michael Grote?’ of the Sandia National Laboratory, teachers can address this challenge
by considering the following when preparing a science lesson:

1.) The teacher should seek and value the students’ points of view. This helps the
teacher to customize instruction to address the prior knowledge and correct
any misconceptions.

2.) The curriculum should address the students’ suppositions. When educators
permit students to construct knowledge that challenges their current
suppositions, learning occurs.

3.) The teacher should pose science problems that are of emerging relevance to
the students. This does not mean that students should freely study whatever.
A good problem meets the following criteria:

a.) It demands that students make a testable prediction.

b.) It makes use of relatively inexpensive equipment.

c.) Itis complex enough to elicit multiple problem-solving approaches.
d.) It benefits from group collaboration.

e.) Atsome point, the children view the problem as relevant to them.

4.) The lessons should be structured around the big ideas, not small bits of
information. Constructivists do not say that factual knowledge is worthless;
they do say concept understanding should come before learning a lot of facts
and vocabulary.

5.) The teacher should assess student learning in the context of daily classroom
investigations, not as separate events.

12




Rationale for Using Constructivism:

Science lends itself easily to the application of the theory of
constructivism to instructional strategies. The greatest scientific discoveries of the ages
have happened as a result of investigating, discovering, communicating, theorizing, and
even sometimes by sheer serendipity. Research shows that the best way to remember a
body of information is to organize it actively by looking for internal patterns and relating
it to what is already known?®. Scientists do this on a daily basis in their laboratory. Also,
considerable research shows that active engagement in learning may lead to better
retention, understanding, and active use of knowledge™. In addition, Staver®’ points out
(in agreement with Grote’”) that constructivist theory used in the instruction of science
allows the teacher to deal head on with students’ alternative conceptions. The teacher
can deal with alternative conceptions and experience conceptual change for the students
over time. That truly would be the goal -- to lure the “second tier” into the physical
sciences, get a grasp of the students’ conceptions and misconceptions, then use

9526

instruction to obtain a “shared meaning”" of concepts between both teacher and student.

Cautions for Using Constructivist Instructional Strategies:

Constructivism has enjoyed strong activism over the past decade due to persistent
shortfalls in students’ understanding and a lot of passive learning. Also, considerable
research shows that active engagement in learning may lead to better retention,
understanding, and active use of knowledge. However, complications do arise when
using constructivist teaching practices. First, it is time consuming. Second, students can

arrive at the wrong scientific theory. Finally, students can view it as deceptive and
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manipulatingzx_ A teacher wishing to use constructivist teaching strategies for the first

time must be conscious of these issues.

Guided Inquiry Laboratories: Is This the Constructivist’s Answer to

Improving Conceptual Understanding and Correcting Misconceptions?

The National Science Education Standards, published in 1996 by the National
Research Council®, specifically organize the expectations for a top-notch K-12 science
program. They prescribe that students should spend less time memorizing facts and more
time reasoning and solving problems. The standards also stipulate that science students
should learn in cooperative groups, use more hands-on materials, and study fewer science
topics in much more depth'. The aim of the National Science Education Standards is for
students to understand the nature of science and the skills necessary for inquiry’ N
However, it has been experience in fifteen years of teaching chemistry, that the majority
of chemistry laboratory manuals do not address this need. A possible solution to this
dilemma (which also addresses the lack of conceptual understanding described by
Nurrenbern, Pickering, and Sawrey’'") is for the teacher to use the inquiry (discovery)
laboratory approach.

According to Perkins*, conceptually difficult knowledge is commonly found in
mathematics and science classes. In fact, most of chemistry is conceptually difficult
knowledge because much of what we discuss cannot be seen. Students usually display a
mix of misunderstandings and ritual knowledge (knowledge that is routine and
meaningless). Students learn the ritual responses and algorithms for solving problems,

but lack the correct intuitive beliefs for the qualitative-conceptual understanding of the
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question. For example, a student may be able to solve equilibrium concentration
problems applying the quadratic formula and the Law of Mass Action successfully.
However, the student may not have a conceptual understanding of what “x” represents in
the species table and how it is related to the stoichiometry of the equilibrium process.
This can lead to a misunderstanding that the student may develop in thinking that the
amount of product formed is always significant, even in situations of a K value less than
10°. This would, in turn, lead to difficulty for the student knowing why and how to
apply a small K approximation to equilibrium problems and a lack of understanding how
weak acids tend to have small K, values.

It helps most with conceptually difficult knowledge for the teacher to introduce
the qualitative concepts first before discussing the quantitative aspects of the concept.
The students can be given a chance to rediscover the theory before mastering
computational routines™. This is essentially what discovery/guided inquiry chemistry is
all about. Inquiry labs do not serve to verify concepts taught in class. Instead, they serve
to illustrate the scientific method. Each experience in the laboratory has elements of data
gathering, data analysis, hypothesis formation, and hypothesis testing. Very little
instruction occurs on the underlying theory prior to conducting the experiment.
Discussion of concepts comes after the students have the direct experience with the
phenomenon. It is ultimately the responsibility of the student to generalize and apply
what he/she learned®'.

How are guided inquiry laboratories consistent with constructivism?
Constructivists believe that all students can and will learn; however, each student learns

at a different pace and with three different modalities. These three modalities are the
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active learner, the social learner, and the creative learner®®. The active learner acquires
knowledge actively through discussing, debating, hypothesizing, and investigating. The
social learner constructs knowledge and understanding through group work and
consultation with other students. The creative learner creates or recreates knowledge and
understanding by being guided through the process of rediscovering concepts. All three
roles can easily relate to one another™. Inquiry laboratories are consistent with these
constructivist principles. The learner is actively engaged and thinking in class. The
learner constructs knowledge and draws conclusions by analyzing and discussing ideas.
The learner experiences how to work together and to understand concepts and solve
problems. And, finally, the instructor serves as a facilitator to assist groups, not instruct
them -- “the guide on the side, not the sage on the stage™.

Guided inquiry/discovery chemistry has been shown to have many benefits. First,
it has addressed (not necessarily provides a solution to) some of the concerns that
Bodner™ listed in his 1992 article:

1.) The present curriculum, coupled with the mode of presentation that
characterizes most large general chemistry courses, often leads to knowledge
without understanding.

2.) The present structure of general chemistry courses produces a system of
knowledge that students cannot apply to the world in which they live.

3.) The classical mode of teaching general chemistry focuses on the teacher, not
the students.

4.) Learning is best facilitated when the focus is on the students who are doing
the learning, not the teacher.

5.) The classic mode of instruction often consists of providing students with
answers to questions they don’t understand.

Second, it has been shown that all learners learn new concepts better when “concept
invention” or “term introduction” is the second phase of the learning cycle™. Also,

Farrell, Moog, and Spencer’”, demonstrated in their research that fewer students being
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taught according to the principles of guided inquiry earned a grade of D, F, or W
(decreased from 21.9% to 9.6% when compared to traditional lecture instruction). In
addition, these same students scored as high as or higher on tests than those students in a
more traditional course. Finally, in a study by Allen®® from 1983-1984, he reported that
the majority of students in the study preferred to do inquiry laboratories and felt it had

enhanced their understanding of chemical concepts.

What Must a Teacher Consider When

Implementing Guided Inquiry Laboratories?

According to Keys®®, the individuals best suited to conduct research studies on
inquiry are those who have a firm understanding of both cognitive constructivism and
social perspectives. Knowledge of social perspectives is important because humans react
to language and actions based on their cultural models. These cultural models then affect
communication in the classroom as teachers and students interact. When teachers work
with students who are attempting inquiry, they must interact with the students in a
dialogic way, allowing for open thought on the part of the student. Any teacher using the
guided inquiry approach must be conscious of his/her own beliefs. Teacher beliefs
strongly affect curriculum. Teacher beliefs, just like those of others, are episodic, value
laden, and are built on presumptions. Also, teacher beliefs about student age arid the
need for drill and practice can stand in the way of implementing the inquiry method. The
teacher must be a learning and knowledge constructivist, seeking and recognizing prior
knowledge and using a wider variety of teaching strategies. The instructor must also

overcome teacher myths’®: the transmission myth (transmitter of knowledge), the
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efficiency myth, the myth of rigor, and the myth of preparing students for examinations.

In addition, teachers who do inquiry-based teaching must have a high level of
pedagogical content knowledge, including a deep understanding of the nature of science
and how students come to understand the concepts™.

Allen™, in his 1986 article, provided guidance as to how a teacher can convert a
verification experiment to a guided inquiry laboratory. According to Allen, the teacher
should select an experiment that is relatively simple to perform with uncomplicated
apparatus. Presentation of principal concepts in the introductory material should be
minimal. Detailed procedural steps should be reduced so that the students must devise a
way to collect data. Finally, there should be reinforcement of the observed phenomena
through the use of data analysis and conclusions. Also, guided inquiry activities should
start out small to allow the students to experience success. Over time they should
increase in both level of involvement and level of difficulty. When the students are more
experienced with the concept of guided instruction, students can then be assessed on a
much greater scale with a culminating assessment task.

Traditional labs serve to verify a concept after it has been taught in the laboratory.
For example, after Boyle’s Law of gases is taught in lecture, students often perform an
experiment where they measure the volume of air as a function of how much it is
compressed in a syringe by weights placed on the syringe plunger. To convert this whole
scenario to guided inquiry, the teacher could begin a discussion and capture interest
(before any in-class discussion of Boyle’s Law) by placing a marshmallow in a bell jar
and drawing a vacuum. Students would observe and record observations. The students

Would also be expected to write a possible explanation for what they observed.
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Afterwards, students would be given a Boyle’s Law syringe apparatus and would be

asked to collect data about how the volume varies as a function of the weight applied to
the syringe plunger. Some basic physics would be explained at this point to help the
students understand that the weight is equivalent to the applied pressure since the weight
(W =mg) is equal to the force vector and the area to which the force is being applied
remains constant. The students would be asked to graph the data and use their Algebra
knowledge to generalize about the relationship between the pressure and volume of air.
After all groups had completed their work, a class discussion would ensue to discuss their
generalizations and to form a plausible theory as a class. From these generalizations,
Boyle’s Law would be developed with the assistance of the teacher to help with the
mathematics. The extension would then be made to generalize Boyle’s Law for all

“ideal” gases.

The Application of the Literature Review to this Study

As Nakhleh and Mitchell'? point out, students experience difficulty understanding
concepts in chemistry when their ideas are not congruent with the teacher and the
scientific community. This leads to the cognitive formation of student misconceptions'”.
Students come to chemistry class with a diverse set of these alternate conceptions, and it
has been generalized that these misconceptions are tenacious and resistant to change by
conventional teaching techniques'*. Therefore, an alternative method of instruction is
Necessary to confront student misconceptions. Guided inquiry, an application of
constructivism in science®®, is an alternative to lecture that can be implemented to address

this issue. As Staver” reported, application of guided inquiry in the instruction of
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science allows the teacher to deal head on with students’ alternate conceptions. In

addition, guided inquiry permits the student an opportunity to observe phenomena and
deal with sensory data by following the steps of the assimilation-disequilibration-
accommodation cycle™. As a result, students may experience many benefits such as
learning the concepts easier’* and experiencing more success academically™. In addition,
it has been reported that students tend to prefer to do inquiry labs over lecture and felt
that it enhanced their understanding of chemical concepts™. Therefore, guided inquiry
was chosen as a technique in this study to confront student misconceptions about
chemical concepts to see if this teaching technique did, in fact, improve student

understanding.
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Chapter 3:

Methodology

Sample Population:

The high school where this study was conducted is a semi-rural district in
northwestern Pennsylvania. The student population in the district is approximately 1350
with about 425 students in the high school. Sixty-four students from all three levels of
chemistry offered at the high school (Conceptual Chemistry, Chemistry I, and Advanced
Placement Chemistry) participated in the study. The researcher, who was also the
instructor of record for all three courses, had access to the site on a daily basis, Monday
through Friday, during the 2003/2004 school year. The students were taught using the
curriculum adopted by the Sharpsville Area School District and approved by the
Sharpsville Area School Board in 1996. No changes were made to the existing content of
the curriculum according to the Pennsylvania State Science Standards. However, the
method of instruction in each course was adapted to guided inquiry to facilitate the
research study.

Each student participating in the study was required to complete a Human Subjects
Informed Consent Form signed by his/her parents and the participant. This form, along
with an introductory letter, clearly informed parents/guardians about the nature of the
study and assured them that there would be no harm to their son/daughter as a result of
participating in the study. Parental consent was required because minors cannot grant
informed consent due to their protected population status. The letter that was sent home

to the parents/guardians prior to data collection may be found in Appendix A.
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Documentation of approval from the Youngstown State University Human Subjects

Research Committee and a copy of the Human Subjects Informed Consent Form may be
found in Appendices B and C, respectively. Any student not willing to participate in the
study did not have their data included. However, these students participated in the guided
inquiry activities along with the rest of the class to satisfy requirements of the core
curriculum. The decision to participate or not participate in the study was NOT reflected

in the students’ grades in either a positive or negative manner.

The Light Unit:

The light unit was completed by chemistry students from all levels: Conceptual
Chemistry, Chemistry I, and Advanced Placement Chemistry. The mode of instruction
for each of the seven modules of the unit on light was guided inquiry. The portfolio of
activities on the quantum theory and light called “The Enlightening Mystery of the White
Powder Gang” [written by the researcher as a final assignment for Chemistry 6973 at
Youngstown State University of Ohio] was used as the lab and activity manual for the
guided inquiry unit. The modules of the portfolio included:

Module 1: Making Waves

Module 2: The Wave Particle Duality of light

Module 3: Diffraction Simulation

Module 4: Construction of a Spectroscope

Module 5: When Atoms Get Excited

Module 6: The Firefly Reaction

Module 7: Introduction to Spectroscopy

Module 4: Construction of a Spectroscope has been included in Appendix D as a sample

of a guided inquiry activity written by the researcher.
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Upon completion of the seven modules in this portfolio, each student was
expected to have an understanding of the following concepts: properties of waves, wave-
particle duality of light, diffraction, emission spectra, chemiluminescence, and basic
spectroscopy. The level of understanding was to be ability specific and was assessed at
varying levels. The mysterious white powder activity in this portfolio was adapted from
an article by Jerry A. Bell called Mystery Powders: An Inquiry Activity’’. Each student
was placed in a simulated situation where he/she had just entered the Academy for
Forensic Science as “Agent Atom”. Agent Atom was given tasks to learn in each module
of the portfolio. Each task assisted the student in understanding the principle concepts as
related to light, waves, and emission spectroscopy. The student was then presented with
an authentic crime to solve. The crime report was written to spoof a real world situation
where a thief had stolen a holographic image from a museum and left evidence behind in
a taunting manner. The student’s final, culminating assessment was a performance task.
Each student group of two was given a sample of the white powder supposedly left
behind by one thief from the White Powder Thief Team, adapted from Bell’’. Each
student was then expected to identify the thief. Upon successful completion of this
assessment, the student was awarded a position as Master Investigator. The underlying
concept throughout this portfolio was that atoms absorb energy and then emit portions of
this energy in discrete quanta. These quanta of energy can be measured using various

techniques which take advantage of diffraction and spectroscopy.
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The Acid/Base Unit:

Unlike the light unit, the acid base unit was completed only by the participants in
the Chemistry I class. Conceptual Chemistry students did not complete this unit because
much of the material was not germane to the curriculum for that course. Advanced
Placement Chemistry students did not complete this unit because they had a unit similar
to this one two years before. In addition, the date for the Advanced Placement
Examination was quickly approaching, and much more detailed information on acid/base
equilibria and buffers had to be covered.

The mode of instruction in this unit was also guided inquiry. The activities in this
unit included:

Module 1: What is an acid?

Module 2: Strong vs. weak acids, concentrated vs. dilute acids

Module 3: What is a base?

Module 4: Strong vs. weak bases, concentrated vs. dilute bases

Module 5: Acid/Base Titrations

Module 6: Analysis of an Antacid
Module 7: Culminating Assessment: Analysis of a Vinegar

In the culminating assessment, the student investigator acted as a quality control
inspector for the H.J. Heinz Company. It was to be their first day on the job, and they
had to learn the methods for evaluating the vinegar for its percent vinegar content. The
culminating assessment was used as the student’s grade on the final examination for the

Chemistry I course. A copy of this culminating assessment may be found in Appendix E.

Two-Tiered Multiple-Choice Questions:

All participating students were asked to respond to two-tiered multiple-choice

questions in regard to light as a pretest of the students’ understanding of the major
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concepts of the light unit. Two-tiered multiple-choice questions ask students to select a

correct choice in the first question and to explain their choice in the second question®.
The questions were constructed from existing literature on common student
misconceptions about the quantum theory and light'“o. Students were then asked the
same two-tiered multiple-choice questions after completion of the modules on the
quantum theory and light as a post test. A copy of the pre/post test for the light unit may
be found in Appendix F.

Chemistry I students were also asked to respond to two-tiered multiple-choice
questions regarding acids and bases as a pretest of the students’ understanding of the
major concepts of the unit. The questions were constructed from existing literature on

132123 Students were then asked

common student misconceptions about acids and bases
the same two-tiered multiple-choice questions after completion of the modules on

acid/base theory as a post test. A copy of the pre/post test for the acid/base unit may be

found in Appendix G.

Interviews:

At the end of this study, two students were selected from each class level
(Conceptual Chemistry, Chemistry I, and Advanced Placement Chemistry) to respond to
in-depth interview questions about the mode of instruction and the concepts of both
guided inquiry units. A student who earned an “A” grade and a student who earned a “C”
grade were selected randomly from each class level and were invited to participate in the
interviews, resulting in a total of six interviews. A semi-structured interview guide

(Appendix H) was followed by the instructor regarding the student’s:
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1. understanding of the common misconceptions about the quantum theory, light,
and

acids and bases.

2. comfort level with guided inquiry and with traditional lecture.

3. perception of the teacher’s role in instruction during guided inquiry
versus traditional lecture.

4. perception of the student’s role in instruction during guided inquiry
versus traditional lecture.

5. ability to apply the scientific method.

Delimitations:

A measurement instrument is said to be valid if it measures what it was intended
to measure. There are four types of validity’® that must be considered in a measurement
instrument. Face validity indicates that there is a logical tie between the instrument and
its intended purpose. Content validity indicates how well the items in an instrument
adequately represent the constructed purpose. Criterion related validity indicates that
there is a relationship between the subject’s performance on the instrument and the
subject’s true behavior. Finally, construct validity indicates how well an instrument
measures the trait or concept being examined.

Delimitations deal with the issues of another type of validity known as external
validity or generalizability. External validity refers to the truth of the conclusions that
involve generalizations, i.e. to what extent the conclusions in a study would apply to
other persons in other places at other times. Some delimitations in this research were:
a.) This study was delimited to high school students attending a semi-rural school

district in Western Pennsylvania.
b.) Pretesting may have had some effect on the sample population that may not

be observed in populations that are not pretested.
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c.) The students had knowledge that they were part of a study since they were

asked to fill out a Human Subject Consent Form.
Any of the delimitations listed above may have influenced the outcome of the study.
Hence, a one-sided blind study on inner city high school students, who would only be
posttested, may yield very different conclusions. It would be interesting for teachers in
different communities to conduct a similar study to compare conclusions and possibly

strengthen the external validity.

Quantitative (Nomothetic) Data Treatment:

A method had to be devised to assess the level of understanding on the two-tiered
multiple-choice pre/post test questions for both the light and acid/base units. The scoring
scheme for this assessment was modified from the six category scoring scheme
Abraham™ used in his study: Understandings and Misunderstandings of Eighth Graders
of Five Chemistry concepts Found in Textbooks. Upon development [See Appendix I for
scoring scheme development], the scoring scheme for this study was comprised of ten

categories which are listed and defined in Table 1 below.
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Table 1: Scoring Scheme for Two-Tiered Multiple-choice Pre/Post Tests

Code Name Description

INR Incorrect, Incorrect choice, blank or “I don’t know/l don’t
No Response understand” written response

INU Incorrect, Incorrect choice, irrelevant written response
No Understanding

ISM | Incorrect, Incorrect choice, illogical or incorrect written
Specific Misconceptions | response

IPU Incorrect, Incorrect choice, written response shows
Partial Understanding understanding, but some misconceptions

CNR | Correct, Correct choice, blank or “I don’t know/I don’t
No Response understand” written response

CNU | Correct, Correct choice, irrelevant written response
No Understanding

CSM | Correct, Correct choice, illogical or incorrect information
Specific Misconception in written response

CPU | Correct, Correct choice, written response shows
Partial Understanding understanding, but some misconceptions

CBU | Correct, Correct Choice, written response missing details
Basic Understanding

CSU | Correct, Correct Choice, all components of a valid written

Sound Understanding

response present

An answer key was developed for the questions on the pre/post tests for both the

light and acid/base units. The researcher and another member of the Chemical Education

Research Group at Youngstown State University scored the pre/post tests for the light

and acid/base units. This was done in order to establish inter-rater reliability of the

measuring instrument.

In short, a measurement instrument is said to be reliable if it accurately reflects

true scores. For any measurement, there is some margin of error for each response:

Observed Score = True Score + Error

Therefore, a measurement instrument is reliable to the point that it reduces this error
COmponent to a minimum. Reliability refers to the ability to repeatedly use the

Measurement instrument, internal consistency within the instrument, and the ability of the
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instrument to yield the same results independent of the administrator’". Establishing the

reliability of the scoring system used for the two-tiered multiple-choice pre/post tests
through inter-rater reliability was an established technique used to ensure that the
findings were independent of the scorer.

Both the light and acid/base pre/post tests were scored independently by the two
researchers, and the scores were considered to not be significantly different if they
differed up or down on the scoring hierarchy [Table 1] by one. The researcher was
concerned about personal bias since the researcher was familiar with the students, had
knowledge of the course each test came from, and also had knowledge of whether each
test was a pretest or a posttest. Therefore, to also establish objectivity in the researcher’s
scoring, the assisting researcher was given the same tests to score without prior
knowledge of class level or date so that he could not determine the class level the test
came from or if each was a pretest or a posttest. Tests were randomly selected from both
pretests and posttests and all course levels. An inter-reader reliability of 91% was
established for the light unit pre/post tests, and an inter-reader reliability of 97% was
established for the acid/base unit pre/post tests. Sample data for the inter-reader
reliability may be found in Table 4 of Appendix 1.

After the data was scored for all the pre/post tests, the data was then entered into
an SPSS (Statistical Package for the Social Sciences) file to be further analyzed. The
data was coded in such a way as to assign a higher value to a correct response than one
that was incorrect. A written response that demonstrated more understanding was also
coded higher than a written response which showed little or no understanding. In

addition, the class level was coded into the data file as well to distinguish data based on
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the class level during analysis. A sample of the coding system used for the data entry in

SPSS may be found in Appendix J.

After the raw data was entered into SPSS, the frequency of each score (i.e. CSM,
CBU, ISM) was counted for the pretest and posttest data sets for the light unit and
acid/base units. In addition, the sum of all the code values 1-10 was calculated for each
participant for the pretest and posttest data for the light unit and acid/base units. This
sum was named as either the “prescore” or the “postscore”. Histograms were prepared
to show the frequency of each score code for each class level for a particular test. In
addition, histograms were prepared of the prescore and postscore values for each class
level.

Since the data in this study, like in most social science research, could have been
skewed to the high or low end; the conservative assumption to apply non-parametric
statistics was used*'. Although, parametric statistics are more powerful than non-
parametric techniques, the use of parametric statistics requires the assumption that the
distribution of scores in the sample population is normal.

One of the sub-questions of this research was “Is there a change in scores on the
two-tiered multiple-choice tests from the time of the pretest to the time of the posttest for
each unit?” The non-parametric technique selected to determine this was the Wilcoxon
Signed-Rank Test"'. This test is designed for use with repeated measures, as in this case
where the subjects were measured on two occasions under two different conditions. The
Wilcoxon converts scores to ranks and compares them at Time 1 and at Time 2.

Another sub-question of this research study was “Are the pre/post scores different

among the levels of chemistry courses?” The non-parametric technique selected to
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determine this was the Mann-Whitney U Test*'. This statistical technique tests for
differences between two independent groups on a continuous measure. The test converts
the scores on the continuous variable to ranks across the two groups and then evaluates

whether the ranks for the two groups differ significantly.

Qualitative (Idiographic) Data Treatment:

The written response data from the pretests and posttests from both the light and
acid/base units were compiled from each class for each unit completed. In addition, each
of the six interviews was transcribed verbatim. Two samples of student interviews are
included in the appendices. In Appendix K, a sample interview from an “A” student
enrolled in Advanced Placement Chemistry can be found. In Appendix L, a sample
interview from a “C” student enrolled in Conceptual Chemistry can be found. These
sample interviews were selected in order to give the reader a sampling of responses from
the extremes of ability levels. In each case a manageable classification or coding scheme
was developed. This served to categorize the responses. Convergent coding was then
applied to determine recurring regularities. The categories were judged on internal
homogeneity ( how well the data fits together in a category) and external homogeneity
(the extent to which separate categories appear disjoint). The categories for the
qualitative data and convergent coding used in the analysis are summarized in Appendix
M. In addition, sample field notes can be found in Appendix N.

The substantive significance of the data was also determined. When doing

qualitative studies, the researcher’s findings are judged on their substantive significance®
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rather than statistical significance. Several questions were addressed to determine the
substantive significance of this research:

1. How solid, coherent, and consistent were the findings?

2. To what extent and in what ways do the findings increase and deepen the
understanding of the phenomenon studied?

3. To what extent were the findings consistent with other knowledge?

4. To what extent were the findings useful for some intended purpose?
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Chapter 4:

Data Analysis and Research Findings

The Research Question:

The short term and long term effects on student misconceptions as a result of
teaching chemistry through guided inquiry were examined. The content focus was
primarily on two units: production of light by atomic emissions (including characteristic
properties of both waves and light) and acid/base chemistry. The research question that
was examined in this study was: Does teaching chemistry by the method of guided

inquiry correct student misconceptions?

Quantitative Findings:

Light Unit:
There were 19 questions on the pre/post test for the light unit. Using a coding

scheme of 1-10, this would result in a maximum score possible of 190.

Advanced Placement Chemistry:
Histograms were prepared for both “prescore” and “postscore” data on the light
unit for Advanced Placement Chemistry so the distributions of scores and the means

could be compared from the time of the pretest to the time of the posttest. Two changes
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are noted. First, the mean score changed positively from 126.85 on the pretest to 138.46

on the posttest. Second, the distribution curve became more narrowed around the mean
with a much smaller standard deviation on the posttest. This implies that scores were not

as spread out, and the lowest score had risen by as much as 20 points.
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Figure 2: Distributions for Prescores and Postscores for Advanced Placement Chemistry
on Light Unit

A Wilcoxon Signed-Ranks non-parametric test [Table 6, Appendix O] was
performed on the “prescore” and “postscore” data to determine if the change in mean
score from the pretest to the posttest was statistically significant. The value of interest in
a Wilcoxon is the associated significance levels reported as Asymp. Sig. (2-tailed)*'. An
Asymp. Sig. (2-tailed) of p < 0.05 implies statistical significance. In this case the
Asymp. Sig. (2-tailed) value was p = 0.780. This indicates that, although the mean scores

did change, the change was NOT statistically significant.
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Chemistry I:

Histograms were prepared for both “prescore” and “postscore” data on the light

unit for Chemistry I so the distributions of scores and the means could be compared from

the time of the pretest to the time of the posttest. Two changes in the data are noted.
First, the mean score had shifted by a sizeable amount in the positive direction from

87.63 on the pretest to 120.216 on the posttest. Second, many of the students moved
away from the pretest mean in the positive direction exceeding the pretest maximum

score of 120.
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Figure 3: Distributions for Prescores and Postscores for Chemistry 1 on Light Unit

A Wilcoxon Signed-Ranks non-parametric test [Table 7, Appendix O] was
performed on the “prescore” and “postscore” data to determine if the change in mean

S€ore from the pretest to the posttest was statistically significant. In this case the Asymp.
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Sig. (2-tailed) value was p < 0.000. This indicates that the substantial change in mean
scores from the pretest on light to the posttest on light was statistically significant.

Some examples from the second tier of the pre/post tests further support for some
students there were significant gains in understanding. When asked the question

Light is composed of

a.) particles

b.) waves

c.) none of the above
d.) both particles and waves

a student in Chemistry I answered “D” and wrote on the pretest:

“Light travels in waves from the lights and particles from the sun.” (“A”, female
Chemistry I student)

When asked the same question on the posttest, she answered “D” and wrote:

“Light is composed of particle and waves. However, only one can be observed at
a time. You will not be able to see both particle characteristics and wave
characteristics in the same experiment.” (“A”, female Chemistry | student)

This student was able to move from a score of CSM to a top score of CSU (as coded
using Table 1) during the time period between the pretest and the posttest.
Another student, when asked the question

When two waves hit one another

a.) they bounce off each other and nothing happens.

b.) the peaks join one another and they become larger.
c.) the peaks cancel each other out and the waves flatten.
d.) none of the above happens.

€.) more than one of the above happens.

answered “D” and responded:

“They pass through each other without change.” (“B/C", male Chemistry |
student)
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When asked the same question on the posttest, he answered “E” and wrote:

“When two waves meet they can either have constructive interference or
destructive interference which is what letters B and C are describing.” (“B7/C",
male Chemistry [ student)

This student was able to move from a score of ISM to a top score of CSU during the time
period between the pretest and the posttest. In both cases, documented misconceptions

from the literature were corrected and the level of understanding greatly increased.

Conceptual Chemistry:

Histograms were prepared for both “prescore” and “postscore” data on the light
unit for Conceptual Chemistry so the distributions of scores and the means could be
compared from the time of the pretest to the time of the posttest. Two changes are noted
in the data. First, the mean score changed in the positive direction from 79.93 on the
pretest to 96.83 on the posttest. Second, many of the students moved away from the
pretest mean in the positive direction exceeding the pretest maximum score of 120, but

not to the extent seen in Chemistry .
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Figure 4: Distributions for Prescores and Postscores for Conceptual Chemistry on Light
Unit

A Wilcoxon Signed-Ranks non-parametric test [ Table 8, Appendix O] was
performed on the “prescore” and “postscore” data to determine if the change in mean
score from the pretest to the posttest was statistically significant. In this case the Asymp.
Sig. (2-tailed) value was also p < 0.000. This indicates that, although the change in mean
score from the pretest to the posttest on light was not as substantial as Chemistry 1, it still
was statistically significant.

Again, examples from the second tier of the pre/post tests help further support the
fact that for some students there were significant gains in understanding. When asked
the question

As the wavelength of a wave increases, the energy

a.) decreases

b.) increases
C.) remains the same
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a student in Conceptual Chemistry answered “B” with the following written response:

“[ think it increases because it [SIC] going farther. It’s like picking up speed. U
[SIC] need more energy. So I figure when the length gets longer the wavelength
gets the energy increasing.” (“B'”, female Conceptual Chemistry student)

When asked the same question in the posttest, she answered “A” and wrote:
“When the wavelength gets longer the energy in the wave decreases. This is
because it becomes less frequent so it loses energy.” (“B"”, female Conceptual
Chemistry student)
This student was able to move from a score of ISM on the pretest to a high score of CBU
during the time period between the pretest and the posttest.
Another student, when asked the question
Which of the following waves would be most energetic?
a.) green light waves
b.) X-ray waves
¢.) microwaves
d.) radio waves
he answered “D” and explained:
“Radio waves because they need to travel long distances in short amount of time.
Micro waves do not go far. Neither do X-rays.” (“A”, male Conceptual

Chemistry student)

When asked the same question in the posttest, he answered “B” and gave the following
written response:

“Because they have the smallest wavelength which means a higher frequency and
that has a higher energy.” (“A”, male Conceptual Chemistry student)

This student was able to move from a score of ISM to a top score of CSU during the time
period between the pretest and the posttest. In both cases, documented misconceptions

from the literature were corrected and the level of understanding greatly increased.
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Across Class Levels

The Mann-Whitney U test was then applied between several combinations of

pretest/posttest and class levels to determine if any of the differences among these groups

(Advanced Placement Chemistry, Chemistry I, and Conceptual Chemistry) was
statistically significant. The value of interest in a Mann-Whitney also is the associated
significance levels reported as Asymp. Sig. (2-tailed)*'. An Asymp. Sig. (2-tailed) of p <
0.05 implies statistical significance.

When the “prescores” of Conceptual Chemistry were compared to the “prescores”
of Chemistry I using the Mann-Whitney [Table 9, Appendix O], the Asymp. Sig. (2-
tailed) value was p = 0.049, which is statistically significant. Therefore, Conceptual
Chemistry and Chemistry I did not start at the same level of understanding.

When the “postscores” of Conceptual Chemistry were compared to the
“postscores” of Chemistry I using the Mann-Whitney [Table 10, Appendix O], the
Asymp. Sig. (2-tailed) value was p = 0.001, which is statistically significant. Therefore,
Conceptual Chemistry and Chemistry I did not finish with equivalent levels, either, with
the Chemistry I students having a greater conceptual understanding than the conceptual
chemistry students.

However, when the “postscores” of Conceptual Chemistry were compared to the
“prescores” of Chemistry I using the Mann-Whitney [Table 11, Appendix O], the Asymp.
Sig. (2-tailed) value was p = 0.137, which is NOT statistically significant. This would
imply that the students in Conceptual Chemistry were able to achieve (by the time of
their posttest) the same level of understanding that was observed for the Chemistry |

Students at the time of their pretest.
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When the “prescores” of Advanced Placement Chemistry were compared to the
“prescores” of Chemistry I using the Mann-Whitney [Table 12, Appendix O], the Asymp.

Sig. (2-tailed) value was p = 0.001, which is statistically significant. Therefore,

Advanced Placement Chemistry and Chemistry I did not begin with the same level of
understanding, as to be expected since the Advanced Placement Chemistry students had
already completed one year of chemistry study.

When the “postscores” of Advanced Placement Chemistry were compared to the
“postscores” of Chemistry I using the Mann-Whitney [Table 13, Appendix O], the
Asymp. Sig. (2-tailed) value was p = 0.019, which is statistically significant. Therefore,
Advanced Placement Chemistry and Chemistry I did not end with the same level of
understanding as well.

However, when the “postscores” of Chemistry | were compared to the “prescores”
of Advanced Placement Chemistry using the Mann-Whitney [Table 14, Appendix O], the
Asymp. Sig. (2-tailed) value was p = 0.328, which is NOT statistically significant. This
would imply that the students in Chemistry | were able to achieve (by the time of their
posttest) the same level of understanding that was observed for the Advanced Placement
Chemistry students at the time of their pretest.

Similarly, Mann-Whitney U tests were done to compare the data between
Advanced Placement Chemistry and Conceptual Chemistry for similar combinations. As
one would expect, there was no statistical significance in any of these cases. Therefore,
the Conceptual Chemistry students clearly were not able to achieve to the level of

understanding of the Advanced Placement students at any point.
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To further understand how the different levels of chemistry classes compared in
terms of changes in levels of understanding between the pretest and the posttest,
histograms were constructed using the frequency of a particular score code on the pretest
and posttest for each level of chemistry. This provides a higher number of items than

number of students because the pretest and posttests had 19 questions each. Therefore,

there would be 19 responses per student, or a total of 1178 separate responses for both

the prestest data and the posttest data.
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The dark blue bars on both graphs represent the frequency of ISM codes assigned to a
particular response. There was a reduction in the frequency of the ISM score codes
during the period between the pretest and the posttest across all levels of chemistry. This
reduction is much more dramatic for the Chemistry I and the Conceptual Chemistry
classes, which is right in line with the Wilcoxon findings presented earlier. For example,
Chemistry I had a pretest frequency of ISM score codes of 135. This was reduced during
the study to a posttest frequency of ISM score codes of slightly over 100. Conceptual
Chemistry had a pretest frequency of ISM score codes of 240. This was considerably
reduced during the study to a posttest frequency of ISM score codes of 177. On the other
hand, while Advanced Placement Chemistry had a pretest frequency of ISM score codes
of 70; this was only reduced to a posttest frequency of ISM score codes of 50. In
addition, both Chemistry I and Conceptual Chemistry experienced substantial gains in the
top scores of CBU and CSU (brick colored and dark green bars) indicating that both
classes had a marked increase in level of understanding during the time period between
the pretest and the posttest. For example, Chemistry I had a pretest frequency of CBU
score codes of 35 and a frequency of CSU score codes of 5. These substantially

increased to a posttest frequency of CBU score codes of 90 and a posttest frequency of
CSU score codes of 38. Likewise, Conceptual Chemistry had a pretest frequency of CBU
score codes of 28 and a frequency of CSU score codes of 1. These increased to a posttest

frequency of CBU score codes of 88 and a posttest frequency of CSU score codes of 10.
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Acid/Base Unit

There were 22 questions on the pre/post test for the light unit. Using a coding

scheme of 1-10, this would result in a maximum score possible of 220.

Chemistry 1:

Histograms were prepared for both “prescore” and “postscore” data on the
acid/base unit for Chemistry I so the distributions of scores and the means could be
compared from the time of the pretest to the time of the posttest. Three changes are noted
in the data. First, the mean score had changed in the positive direction from 114.00 on
the pretest to 143.95 on the posttest. Second, many of the students moved away from the
pretest mean in the positive direction exceeding the pretest maximum score of 150.

Third, the standard deviation increased for the posttest scores due to a much greater

distribution of scores.
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Figure 7. Distributions for Prescores and Postscores for Chemistry I on Acid/Base Unit

45




—

A Wilcoxon Signed-Ranks non-parametric test [Table 15, Appendix O] was

performed on the “prescore” and “postscore” data to determine if the change in mean
score from the pretest to the posttest was statistically significant. In this case the Asymp.
Sig. (2-tailed) value was p < 0.000. This indicates that the change in mean scores from
the pretest on light to the posttest on light was statistically significant.

Some examples from the second tier of the pre/post tests further support the fact
that for some students there were significant gains in understanding. When asked the
question

During the neutralization process, the reaction of an acid and a base

a.) forms a salt and water

b.) causes the acid to break down

c.) the acid changes to a base

d.) the base changes to an acid
a student in Chemistry I answered “B” and had the following written response:

“I think it causes the acid to break down because that’s what a base is suppose to

do I think. If you put an acid and a base together I would guess that one would

change into the other. I think they would just combine to form a different
solution.” (“B”, female Chemistry I student)
When asked the same question in the posttest, she answered “A” and wrote:

“During neutralization process, when the reaction of an acid and a base happens

you get a result of salt and water because of the ions in solution. The hydrogen

ions and the hydroxide ions join together to make water and the other ions in the
compounds join together to make a salt.”” (“B”, female Chemistry I student)

This student was able to move from a score of ISM on the pretest to the top score of CSU

during the time period between the pretest and the posttest.
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Another student, when asked the question

What is the difference between a strong acid and a weak acid?
a.) The strong acid eats away material faster than a weak acid.
b.) A weak acid is more dilute than a strong acid.

c.) A weak acid only partially dissociates in solution.

d.) none of the above

she answered “A” and had the following written response:

“A strong acid has a higher pH level than a weak acid therefore it will eat away
at a material faster.” (“A”, female Chemistry I student)

When asked the same question in the posttest, she answered “C” and explained:
“A weak acid is also a weak electrolyte; therefore it only partially dissociates.
However, a strong acid, which is also a strong electrolyte, will completely
dissociate.” (“A”, female Chemistry I student)

This student moved from a score of ISM to the top score of CSU during the time period

between the pretest and the posttest. In both cases, documented misconceptions from the

literature were corrected and the level of understanding greatly increased.

Qualitative Findings:

Feelings Toward/Perceptions of Guided Inquiry

When students were asked the question “Do you know what guided inquiry is?”,
most did not know how to respond to that question. Three out of the six participants
interviewed answered “No” to that question. One student answered:

“You don’t give a student all they need to know and you let them try to figure it
out and learn....lab, hands-on.” (“C” Chemistry I student)

However, once the interviewer clarified for the participants that the modules they had
been doing in class were guided inquiry activities, it became much easier for the

Participants to answer the questions about guided inquiry.
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When asked about the process of guided inquiry, all of the participants recalled
some aspect of doing the experiment without the assistance of the teacher and “learning

for yourself” in their responses. Each student was asked to write down an explanation

that he/she would give to a new student about the process of guided inquiry. One student

said
“I wrote that it’s a chance to explore an area of chemistry and make completely
objective observations of your own and that you should try to make your own
connections. That way you'll understand and remember the concept better than if
you read about it in a chapter of your book or heard the teacher explain it. Andit’s a
hands-on way of learning.” (“A” AP Chemistry student)

Another student wrote
“Ah, I put guided inquiry is when you do an experiment yourself not when your
teacher and by doing it yourself and being told what happened you find out first hand
...gives you a better understanding for it and you learn more. Then after you 're done
with your experiment or lab and you find out that you may not have the right answer
vyou’ll have an easier time finding out what you 're doing wrong by doing it yourself.”
(“A” Conceptual Chemistry student)

When asked “What do you do during guided inquiry?” most students indicated
they made several observations and recorded them and tried to figure out what was going
on with the phenomenon being observed. One student indicated also that the class often
reconvened after the guided inquiry activity for group discussion. In addition, several of
the students indicated that it was necessary to work cooperatively with their lab partner to
complete the task. One student stated:

“Well, I'm always discussing things with my partner to make sure that we both

know, that we’re on track. And we discuss and throw ideas back and forth to see,

um, what sounds the best to us or to, like, what might be the answer or what we
saw and what we did.” (“C” Conceptual Chemistry student)

When asked what the teacher’s role is during a guided inquiry lesson, most of the

Students viewed the teacher as a hands-off guide on the side. At least two of the students
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mentioned that the teacher still was the primary monitor of safety during a laboratory
activity. Most of the students viewed the teacher as unwilling to answer questions that
were probing for answers. More often than not, their questions were met with another
question. The students saw the teacher spending more time directing students to sources

or giving examples to prod them toward discovering the correct conception. However,

this did not come without frustration. One student, when asked what she wished the
teacher would do, said

“Sometimes, just tell me! I get frustrated when I don’t understand.” (“A”
Chemistry I student)

Although the norm of responses was for the teacher to just tell the student the answer to
the question, one student stated:
“I like the way you do it. You don’t, ah, give people the answer. You let them
find it out for themselves. It gives them a better understanding. ” (“A” Conceptual
Chemistry student)
As far as the learning environment, the students described the room to be noisy
with students at their lab stations having interactions with their lab partners and others

around them. The students felt that this was necessary to allow discussions to occur

about the natural phenomena they were observing.

Feelings Toward/Perceptions of Lecture
When asked a similar question about how they would describe the process of a
lecture to another student, most students indicated that taking notes and paying attention

Were important. Other varied activities that take place were described by one student:
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“Well, sometimes we read out of science magazines and we watch videos about
science, and there’s a lot of questions asked like lots of people ask questions. And
a lot of them, all of them are answered. And we work out of books and with
partners, and we take some notes, but things are always explained.” (“C”
Conceptual Chemistry student)

When asked “What do you do during a lecture?”, most of the students said they

took notes, paid attention, listened to the conversations in the classroom, and asked
questions. Several also indicated that it was difficult to do this either because class was
too early in the morning or they found it hard to sit quietly without drifting off in thought

or falling asleep. One student stated:

“As honest... Yea, I told you, you need to be as accurate as possible. O.K., um, I write
down everything you have on the board. If I'm really tired, I zone out and hurry up
and copy everything down I just missed. Um, I try to, I do try and listen because |
know there’s a lot of things you do not write down that I, I am gonna need to write
down in my notebook. Um, and that’s what was hardest for me in studying, going
back through my notebook was that 1 had obvious missing holes because I didn’t
write things down that you had written on the board that I should have been paying
attention to or just didn’t remember it. Um, I followed along in the book in a lot of
cases, if you were addressing someone else for a question that they had and there was
something from earlier that I wanted to see written down 1d find it in the book and
read a section underneath a diagram or, um, ah, paragraph that looked like it would
be helpful. Um, sometimes if you were explaining something and I didn’t understand
what it was I would ask the person next to me or I would just ask you if you weren’t
looking too agitated with our lack of [laughter] accelerated learning.”

The students viewed the teacher as the omnipotent dispenser of information

during a lecture. One Chemistry I student felt that the teacher should “know everything
and present it in a manner that you’Il understand.” They described teachers who lecture
as standing in front of the room talking the whole time, posing questions, and answering
Questions. In addition to answering questions, the students saw the teacher bringing
Students to the board to help with problems and drawing pictures to serve as examples for

the students. The students further described the teacher as the bank of answers in a
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lecture. Some students indicated that they also have consulted their peers as well to get
the answer to certain questions during a lecture, as not to interrupt class.

As far as the learning environment, the students described the classroom during a
science lecture to be relatively quiet. They described the students arranged orderly in

their seats facing the front and ready for instruction.

Guided Inquiry vs. Lecture

The students saw guided inquiry as a more hands-on form of learning than lecture.
One student described it as:

“Guided inquiry is not just sitting there. You're going back in the lab working

with materials on your feet and using your hands and interacting. Lecture is just

sitting and being uncomfortable.” (“C” Advanced Placement Chemistry student)
When asked which form of instruction leaves a greater impression on them, the students
indicated that guided inquiry did because “you remember a lot more because it’s hands-
on....lectures tend to get forgotten the next day because it is memorizing.” One student
described:

“More people talk about what happened with the lab. They...the labs are a lot

more fun. The, um, lectures, like, you'll talk about it, but you 're kinda getting out

of a seat, like, when lecture’s over, like it’s just another day.” (“C” Conceptual

Chemistry student)

When asked what method of instruction they preferred, the students unanimously
agreed upon guided inquiry. They tended to “prefer to learn by doing rather than
listening.” One student went as far to say:

“I'm a kinesthetic learner rather than a ...I mean auditory and visual helps, but
Jor me to really understand something I have to do it. And you make more of your
own connections, um, in guided inquiry. You can, um, try and make your own

connections during lecture, but you don’t always, you don’t have the opportunity
to think at a pace faster than the teacher’s teaching. Um, you asked how they 're
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different, right? [l nods] I would say, [ would say...it’s a more casual learning
environment, um, doing the guided inquiry, but it’s still, um....hmm...

You usually don’t remember anything from the lecture. You wrote it down, but it
went in one ear and out the other. Um, with the guided inquiry, um, the fact that
vou did it yourself, um, it’s an actual memory, um, and if you need to recall a
concept, you can recall a memory from something you did rather than a word you
read on the board, which is a lot harder to remember to me than something that [
actually made and observed in the lab myself.” (“A” AP Chemistry student)

Even though the students favored guided inquiry, they did list some concerns or
disadvantages to using this method of instruction. Most said that it was more difficult
than l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>