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ABSTRACT

Comparative Study of Authentic Scientific Research Versus Guided Inquiry in Affecting
Middle School Students’ Abilities to Know and Do Genetics.
(May 2006)
Jane Metty Scallon, B.S., Stephen F. Austin State University

Chair of Advisory Committee: Dr. Carol Stuessy

This exploratory mixed methods study addressed the types of gains students made
when engaged in one of two forms of inquiry. Gains were measured on three levels:
conceptual understanding, the process of scientific investigation, and use of practical
reasoning skills. One hundred-thirty 8" grade students from a rural public school in East
Texas participated in this study. Classes of students were randomly assigned to one of
two treatment groups: guided inquiry or authentic student research learning. Non
parametric statistical analysis and constant comparative qualitative analysis were used to
triangulate pre-tests and post-tests, student journals, and student drawings to address the
research questions. Findings support greater gains in conceptual understanding of
domain specific content in a highly scaffolded guided inquiry. Further authentic
scientific research learning was more effective for developing understanding of scientific
investigation as a process and application of knowledge through practical reasoning

skills.
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CHAPTER |

INTRODUCTION

A Call for Inquiry

In 2000, approximately three-quarters of the eighth grade students in the United
States lacked a conceptual understanding of the science information they received in
school. Most students were not able to rise above rote factual recall to successfully
perform scientific investigations, predict, interpret, or explain them. Furthermore, most
students were unable to apply their understanding in new and real world applications.
Findings from the 2000 National Assessment of Educational Progress (NAEP)
confirmed that 74 % of eighth grade students performed below proficiency in science,
having only a basic or below basic understanding of science concepts appropriate for the
eighth grade, with no apparent statistical improvement in performance from 1996 to
2000 (National Center for Educational Statistics [NCES], 2004a). NAEP also confirmed
that many science teachers had attempted the shift toward inquiry-based instruction to
enhance conceptual understanding, promote practical reasoning, and aid students in
conducting scientific investigations. However, science teachers in the United States
have not yet accomplished this goal.

Research findings continue to support student inquiry as an effective method of

enhancing students’ conceptual understanding. There are an abundance of studies that

This thesis follows the style of Journal of Research in Science Teaching.



point to the benefits of student inquiry (Bonnstetter, 1998; Bruer, 1999; Bransford,
Brown & Cocking, 2000; Chinn & Malhotra, 2002; Driver, Asoko, Leach, Mortimer, &
Scott, 1994; Feldman & Minstrell, 2000; Polman, 2000). Based on this broad consensus
of research promoting inquiry, the question that must be asked is, “Why don’t the NAEP
scores reflect improvement in students’ understanding of science?”

Perhaps the answer lies in the type of inquiry in which K-12 students typically engage.
In researching the literature, no studies were found that directly compared the impact of
one inquiry method over another on student understanding. This apparent gap in the
literature punctuated my need to investigate the effects different inquiry-based
instructional methods have on students’ achievement in science.

Inquiry is a generic term that has broad meaning. Inquiry is sometimes referred to as
scientific inquiry, full-inquiry, and immersion (Duschl & Grandy, in preparation). The
term inquiry has a wide variety of uses in the literature. It is described as a way of
knowing, a way of becoming scientifically literate (National Research Council [NRC],
1996), a way of doing science, (American Association for the Advancement of Science
[AAAS], 1989), a way of developing conceptual understanding (NRC, 1996) and a way
of promoting scientific discourse. Inquiry is routinely described as an activity; an
ability; a way of learning; a teaching strategy; an action; a process; as iterative cycle of
experimentation, reflection and revision; a curriculum sequence; as probing; and as
exploration. To add to the confusion, inquiry has been divided into levels of complexity
by some and descriptive of only one event by others. Still others specify that the

learning environment directs the inquiry (Duschl & Grandy, in preparation). The



dissensus over how long an inquiry should last spans the continuum from one tight
experience completed within one class period to months of ongoing investigations.

Lehrer, Schauble, & Petrosino (2001) describes inquiry as “more than just
experimentation, involving complex forms of argument deeply embedded within
domain-specific practices of modeling, representation and material manipulation of the
world” (p. 251). Inquiry has been defined as probing of the natural world in search of
explanations based on evidence, leading toward an understanding of the world (AAAS,
1989). Often inquiry is described as learning with understanding (AAAS, 1989;
Bransford, Brown & Cocking, 2000; NRC, 1996). This phrase merges factual recall
within a conceptual framework to emphasize the importance of understanding a
phenomenon more completely than either is able to do independently. Bonnstetter
(1998) defines inquiry by assigning five levels of inquiry, which span a continuum from
very teacher directed to completely student directed. Finally, Etheredge & Rudnitsky
(2003) stress the cyclical, dynamic nature of inquiry. They describe inquiry as a process,
rather than a method of instruction. Inquiry as iterative with repeated cycles of
reflection, revision, and experimentation further asserting that inquiry is not a step-by-
step method.

This wide breadth of interpretation makes it essential to define how the term inquiry
will be used within this study. For the purposes of this study, inquiry is a process in
which the learner manipulates a system of variables to develop conceptual understanding

of the system. Inquiry investigations range from traditional hands on to authentic



scientific research. The inquiry model (Bonnstetter, 1998) used in this research defines

levels of student inquiry, as follows:
1. Traditional hands-on, in which the teacher directs all aspects of the
investigation (topic, question, materials, procedures/design, results/analysis and
conclusion).
2. Structured inquiry, in which the teacher provides the topic, question, material,
and design of the experiment. Together the teacher and student collect and
analyze the data and the student derives the conclusion.
3. Guided inquiry, in which the teacher provides the topic, question to be
investigated, and materials. Together the teacher and students design the
experiment; and the students collect the data, analyze it, and forms their own
conclusions.
4. Student directed inquiry, in which the teacher provides only the topic, and
both the teacher and students develop the question. The students determine the
materials to be used, and the procedures to follow. They collect and analyze the
data and draw their own conclusions.
5. Student research, in which the teacher and student decide on the topic. The
students then develop the question, decide which materials and procedures to use,
collect the data, perform the analysis, and form the conclusion.

The levels of inquiry progress from completely teacher directed to largely student

directed. Research findings support the assumption that most inquiry done in the



classroom falls somewhere in the middle of this spectrum between structured inquiry
and guided inquiry (Bonnstetter, 1998; Chinn & Malhotra, 2002).

The term “authentic” also occupies an interesting position in the discussion on
inquiry. Is the inquiry authentic to the student? If it is, does that mean that the activity
has meaning and relevance to the student? Or, is the classroom inquiry authentic to the
scientist in the laboratory? If it is, does that mean that the procedures are the same as
those which are done by a scientist? Or is the classroom activity authentic to the field of
science? In that regard, does that mean that the classroom inquiry is aimed toward
contributing to the knowledge base of what is known about the natural world? Edelson
(1999) extends student research to involve scientists in the inquiry process. Authentic
science research learning allows students to learn science through authentic methods
typically employed in scientists’ laboratories. These methods have been carefully
modified for the classroom. “Adapting the practices of science to classrooms can
provide benefits of authenticity for science learning. Current theories hold that authentic
learning activities are the key to developing understanding that will serve learners
beyond the classroom” (Edelson, 1999, p. 5). Bonnstetter’s model of the levels of
inquiry and Edelson’s model of classroom science research learning fit together as

shown in Table 1.



Table 1

Combination of Bonnstetter and Edelson Model

Categories Bonnstetter Model Edelson Model
Traditional Structured Guided Student Directed  Student Authentic Scientific
Inquiry Hands-On Inquiry Inquiry Inquiry Research Research Learning
Topic Teacher Teacher Teacher Teacher Teacher/Student Student
Choice
Question Teacher Teacher Teacher Teacher/Student Teacher/Student Student
Materials Teacher Teacher Teacher Student Student Student
Procedure & Teacher Teacher Teacher/ Student Student Student
Design Student
Results & Teacher Teacher/ Student Student Student Student
Analysis Student
Conclusion  Teacher/Student Student Student Student Student Student
Instructional ~ Curriculum Curriculum Curriculum Curriculum Student Interest Scientific Knowledge
Focus Alignment Alignment Alignment Alignment &
Student Interest
Outcome Known Prior Known Prior Known Prior ~ Known Prior Known Unknown

Contribution

Educational
Focus

Rote Learning

Teaching

Rote Learning

Teaching

Collaborative
Instruction

Teaching/
Learning

Collaborative
Instruction

Learning

Prior/Unknown
Student Interest

Learning

Contribute to the body
of scientific knowledge

Generation of new
knowledge& Learning
about how science is
done

Stuessy & Scallon, 2006



The Argument

Debate exists as to whether students are able to engage in authentic scientific research
learning (ASR). Those that argue that student research can not be done in schools say
that, *“authentic scientific inquiry is a complex activity, employing expensive equipment,
elaborate procedures and theories, highly specialized expertise, and advanced techniques
for data analysis and modeling. Schools lack the time and resources to reproduce such
research tasks” (Chinn & Malhotra, 2002, p. 177). Those who believe students can and
should be encouraged to engage in authentic scientific research cite the benefits they
have observed (Feldman & Minstrell, 2000; Stuessy & Scallon, in press). Bonnstetter
(1998) claims that authentic scientific research is inquiry’s ultimate goal. In authentic
scientific research the student simply needs support and guidance from the teacher.
Bonnstetter (1998) goes on to point out that not all students will be able to engage in
student research. Edelson (1998) provides examples of successful authentic scientific
research learning within the classroom. It is anticipated that this research will help to
identify and clarify the benefits a broad range of students gain from authentic scientific

research.



Rationale

The rationale for developing conceptual understanding, practical reasoning, and an
understanding of the scientific process lies in the need for people in all situations of life
to be able to apply what they have learned. Those who really learn something are able to
apply it in a new context. Learning must go beyond factual content that is disconnected
from application and therefore of limited use. “Informational and societal changes
require education to develop individuals with the knowledge, problem solving skills,
cognitive processes, intellectual dispositions, and habits of mind necessary to engage in
lifelong learning” (Costa, 2001).

The ability to take content (factual knowledge) and apply it to different situations
transforms learning into knowledge that is useful in building new understanding.
Conceptual understanding separates the expert from the novice (Bruer, 1993).
Development of conceptual understanding is important because all people in our society
from entry-level workers to college students are expected to have these types of skills
when they leave high school (Bruer, 1993). These skills are the focus of the NAEP
assessment, which serves as the framework on which the assessments in this study are
built. The introduction to Science for All Americans (AAAS, 1989) states that,

Education has no higher purpose than preparing people to lead personally
fulfilling and responsible lives.....education in science... should help students to
develop the understandings and habits of mind they need to become

compassionate human beings able to think for themselves and to face life head on.



It should equip them also to participate thoughtfully with fellow citizens in
building and protecting a society that is open, decent, and vital... The most

serious problems that humans now face are global...What the future holds in

store for individual human beings, the nation, and the world depends largely on

the wisdom with which humans use science and technology (p. xiv).

That only a few students achieve this level of understanding in school is no longer
acceptable. High expectations from the labor force, secondary institutions of learning,
and post-secondary institutions of learning dictate that all students should leave high
school with practical reasoning skills. Instructional practices can incorporate strategies
that encourage higher-order thinking among students. This study’s importance resides in
its potential in contributing to our knowledge about the impact of different inquiry forms
on students’ conceptual understanding of the material, on their understanding of the
scientific process, and on their abilities to effectively engage in scientific investigation,

and finally, their ability to practically reason.

Problem

Inquiry-based instruction most commonly found in the classroom has left students
unable to conceptually understand the science they were taught. Students lack the skills
to perform scientific investigations successfully, to accurately interpret their data or

justify their results. They are unable to transfer their learning to new or real-world
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applications. In effect, they have left school ill-prepared for future work or life long
learning.

Previous experiences in the classroom with authentic scientific research, as well as
the experiences of other teachers using student research (Edelson, 1998; Feldman &
Minstrell, 2000; Minstrell & van Zee, 2000), have led me to informally conclude that
authentic scientific research can efficiently and effectively enhance the development of
the desired outcomes called for by the National Research Council. Positive results of
this research could encourage science educators and teachers to invest the time to engage
their students in authentic scientific research in the classroom. In addition, these results
will contribute to the body of knowledge about the effects of scientific inquiry on
learning. Perhaps an answer to poor student performance on NAEP can be found in the

nuances of the type of inquiry in which students are typically engaged.

Purpose

Do alternative forms of inquiry differently impact conceptual understanding, practical
reasoning, and the understanding of scientific investigations? Does a particular type of
inquiry best facilitate student development of conceptual understanding, which in turn
leads to practical reasoning and changes in conceptual models? The purpose of this
study was to compare a well scaffolded form of guided inquiry with authentic scientific

research.
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Research Questions

What is the value of authentic scientific research and guided inquiry in enhancing
students’ abilities to know and do genetic research?
1. How do these two forms of inquiry affect conceptual understanding?
2. How do these two forms of inquiry affect students’ understanding of scientific
investigations?

3. How do these two forms of inquiry affect practical reasoning ability?

Limitations

The process by which students were chosen for this study prevented these findings
from being generalized to the larger population of eighth grade students. The students
within each class were pre-determined by the school counselor who intentionally placed
students in specific classes for a variety of reasons, few of which were random
placement. Entire classes were randomly assigned to a treatment group. For this reason,
results of this study are not generalizeable beyond the students in this study. These
students serve as the population. A total of six classes of eighth grade students (N =
130) participated in this study. However, attrition was high resulting in low numbers of
students for whom | had matched pre- and post-test data sets. Reasons for high attrition
occurred primarily as a result of the time of year in which the study was done. These

reasons are expanded on in Chapter V. The low numbers of matched pre- and post-tests
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constrained the availability of justifiable analysis techniques. | made the decision to use

non-parametric methods to analyze differences between the two treatment groups.

Finally, I was constrained by district mandates directing what material was to be
covered at specified times of the year and the length of time instruction could focus on
that material. Tight controls over how the teacher allocates instructional time made it
sufficiently difficult to conduct this study over the prolonged time required to complete
the research. It was essential that | gained permission to deviate from the prescribed
district syllabus. This limitation is becoming increasingly common as more districts take
control away from the teacher, centralizing instruction around district goals rather than
student needs. This tight control over time spent on specific topics at specific times
during the year would likely discourage a teacher from such open-ended inquiry as ASR.
Authentic scientific research by nature requires significant lengths of time to complete.

Teachers may find that they have to move on before the student research is complete.

Deficiencies

As is often the case, questions raised in studies are not likely to be resolved in one
intervention. It is far more likely that a combination of variables working together
would be found to be responsible for changes in student understanding. Some of these
combinations include individual teacher differences both in instructional preferences and
pedagogical knowledge. Each teacher brings unique experiences, instructional strategies,

and beliefs about teaching into the classroom. Brown (1992) states that variations in
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teachers’ pedagogical abilities and understanding of the theoretical underpinnings of an
intervention significantly impact student learning. It is quite possible that another
teacher conducting this same study could find results that were different, caused by
variables other than the inquiry intervention. This study does not address the influence
of the teacher on the inquiry process.

Other important combinations that may influence conceptual understanding include
the level of metacognition students possess and the degree of emphasis the teacher
places on developing these skills within the student. Metacognitive skill development is
also thought to play an integral part in students’ development of conceptual
understanding and practical reasoning skills. Furthermore, teaching metacognitive skills
may enhance conceptual understanding and practical reasoning abilities among students.
Schraw and Dennison, (1994) and Sperling et al., (2001) claim that perhaps more
effective than the inquiry style alone is the degree of metacognitive processes that are
taught. Inquiry style and instruction in metacognitive skills in partnership may not only
enhance students’ practical reasoning and conceptual understanding but maximize it
(Sperling, 2001). Changes in students’ metacognitive abilities were not addressed in this
study.

Theories of expertise and the effect of experts over novice learners on conceptual
understanding also were not addressed in this study. Development of expertise occurs
over many years (Goldman, Petrosino & Cognition and Technology Group at Vanderbilt,
1999). Studies in expertise show that experts have better conceptual understanding of

domain specific knowledge and they are able to transfer this knowledge to new
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situations (Bruer, 1993). The length of this study was not sufficient to allow for
complete development of expertise. Conceptual understanding and practical reasoning
skills almost certainly would not have had the time to fully develop in the time frame of
this research. In this research, however, movement toward this type of learning could be
evidenced. Therefore, this study has set the stage for a more in-depth, long-term study
of the events that influence students’ conceptual understanding, practical reasoning
abilities, and their understanding of scientific investigation.

It is quite possible that the content of this research held little interest for some
students. If this were the case and students did not find the content of the study
meaningful, less cognitive engagement could have occurred on the part of the student
with lower conceptual gains in all areas of measure. It would be a mischaracterization to
conclude that the inquiry methods were ineffective when it may have been a lack of
engagement or interest on the part of the student. Student interest in the content of the
inquiry was not measured.

In conclusion, it was unrealistic for me to try to measure the impact of all of these
events simultaneously in the scope of this exploratory investigation. Instead, this
research sought to study one event and how the inquiry method influences student
learning within a specific time frame and with one experienced teacher filling the role of

teacher and researcher.
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Definitions

Authentic Scientific Research Learning. Adaptation of the practice of science into the
classroom consists of three essential components, the attitudes of scientists (uncertainty
& commitment), tools and techniques that are shared across the community of scientists
which allow them to pose and investigate questions, and social interactions such as the
sharing of results in an atmosphere of cooperation and competition (Edelson, 1998).

Conceptual Understanding. The body of scientific knowledge consisting of essential
scientific concepts which involve a variety of information, including: facts and events
the student learns from both science instruction and experiences with the natural
environment; and scientific concepts, principles, laws, and theories that scientists use to
explain and predict observations of the natural world (O’Sullivan & Wiess, 1999, p. 5).

Guided Inquiry. This level of inquiry has the teacher deciding the question, materials,
and procedures; the student is invited to contribute to the analysis and conclusions.
Guided inquiry is focused on problems with known answers and content that aligns with
curricular goals rather than student interest (Bonnstetter, 1998).

Inquiry. First, it refers to the abilities students should develop to be able to
design and conduct scientific investigations and to the understanding they should
gain about the nature of scientific inquiry. Second, it refers to the teaching and
learning strategies that enable scientific concepts to be mastered through

investigations (NRC, 2000 p.xv).
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Practical Reasoning. Practical reasoning probes students’ abilities to use and apply
science understanding in new, real world application (O’Sullivan & Wiess, 1999, p. 5).

Proficient. Solid academic performance for each grade assessed. Students reaching
this level have demonstrated competency over challenging subject matter, including
subject-matter knowledge, application of such knowledge to real-world situations, and
analytical skills appropriate to the subject matter (NCES, 2004b).

Scientific Investigation. Scientific investigation includes the application of
appropriate scientific knowledge, problem-solving skills, and thinking processes to the
creation of new knowledge and understanding. The NAEP 1996 and 2000 science
assessments probe students' abilities to:

e acquire new information;

e plan appropriate investigations;

e use scientific tools; and

e communicate their results to a variety of audiences (NCES, 2004a).

Scientific Literacy. Scientific literacy means that a person can ask, find, or

determine answers to questions derived from curiosity about everyday experiences.
Scientifically literate people have the ability to describe, explain, and predict
natural phenomena; they can read with understanding articles about science,
engage in social conversation about the validity of the conclusions. A
scientifically literate person can identify scientific issues underlying national and

local decisions, express positions that are scientifically and technologically
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informed, and they can pose and evaluate arguments based on evidence and to
apply conclusions from such arguments appropriately (NRC, 1996).

Special-Needs Students. Students who have a physical or mental impairment, as
defined by Americans with Disabilities Act, that substantially limits one or more major
life activities, who have a record of such impairment or who are regarded as having such

an impairment. (Concepts to Classroom, 2000)
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CHAPTER I

REVIEW OF THE LITERATURE

Introduction

...what the subject matter comes to mean in the lives of learners still

depends on the forms of participation available to them. Wenger, 1998

This study was designed to investigate what students learn as a result of participation
in one of two forms of inquiry, guided inquiry (GI) or authentic scientific research
learning (ASR). This review provides an in-depth look at the inquiry by answering four
questions. First, who calls for inquiry and how is it defined? Second, what are the
potential benefits and deficiencies of inquiry on student learning? Third, what do
cognitive learning theories reveal about how learners gain knowledge that would
advocate the use of inquiry? Finally, how are the effects of inquiry on learning best
assessed? In short, what does the literature say about inquiry learning and its place in
enhancing understanding of scientific facts and concepts? Further, this section reviews
the literature on the understanding of scientific investigation as a process, and the ability

to practically reason using new knowledge and finally how best to assess this learning.



19

Who Calls for Inquiry, and How Is It Defined?

Broad support exists for students to go beyond factual recall to develop deep
conceptual understandings of domain-specific concepts (American Association for the
Advancement of Science [AAAS], 1989; Bransford, Brown & Cocking, 2000; Bruer,
1993; Donovan & Bransford, 2005; Duschl, & Gitomer, 1997; Driver, Asoko,Leach,
Mortimer, & Scott, 1994; Minstrell & van Zee, 2000; National Research Council, [NRC],
1996; Polman, 2000; Wiggins & McTighe, 1998). The NRC stresses the importance of
students being scientifically literate and advocates the fundamental role of inquiry in
education to develop scientific literacy (NRC, 1996). The National Science Education
Standards (NSES) explains scientific literacy as follows:

Scientific literacy means that a person can ask, find, or determine answers to
questions derived from curiosity about everyday experiences. It means that a
person has the ability to describe, explain, and predict natural phenomena.
Scientific literacy entails being able to read with understanding articles about
science in the popular press and to engage in social conversation about the
validity of the conclusions. Scientific literacy implies that a person can identify
scientific issues underlying national and local decisions and express positions
that are scientifically and technologically informed. A literate citizen should be
able to evaluate the quality of scientific information on the basis of its source

and the methods used to generate it. Scientific literacy also implies the capacity
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to pose and evaluate arguments based on evidence and to apply conclusions

from such arguments appropriately (NRC, 1996 p. 22).

Scientific literacy is seen as an essential component for every citizen to function in a
free society. Citizens should be able to evaluate claims and make informed decisions
(AAAS, 1989; Bransford, Brown & Cocking, 2000; Bruer, 1993; Costa, 2001). Inquiry
learning is consistently presented as the preferred instructional method by which
students meet the challenges of learning at the levels called for in not only the Texas
state standards, but also the national standards for science (Texas Education Agency
[TEA], 2005).

AAAS (1989) defends the need for inquiry in the following statement, “By gaining
lots of experience doing science, becoming more sophisticated in conducting
investigations, and explaining their findings, students will accumulate a set of concrete
experiences on which they can draw to reflect on the process” (p. 4). The inquiry
process is instrumental in learning with understanding and competent performance
(NRC, 1994; AAAS, 1989). Tables 2 and 3 provide a summary of what the NRC
suggests should be emphasized as well as deemphasized in science instruction.

Inquiry instruction has broad support from the science community (Bonnstetter, 1998;
Bransford, Brown & Cocking, 2000; Bruer, 1993; Brown, 1992; Edelson, 1998, Feldman,
2000; Wiggins & McTighe, 1998). Edelson (1999) says, “Participation in inquiry can
provide students with the opportunity to achieve three inter-related learning objectives:

the development of general inquiry abilities, the acquisition of specific



Table 2

Emphasis of the NRC National Science Standards

Emphasis of National Science
Standards
Less Emphasis on:

Emphasis of National Science Standards

More Emphasis on:

Memorization of facts and information

Learning science disciplines in
isolation

Science facts as separate from the
process

Presenting scientific process as a set
of procedures

Superficially teaching many science
topics

Understanding of scientific concepts through
inquiry.

Learning science in the context of integrated
inquiry & technology in the context which is
meaningful.

Integration of concepts and scientific process

Present scientific process as a dynamic
process that seeks to investigate, and analyze

Deep understanding of fewer topics

Table modified from Chiappetta & Koballa, 2000)

Table 3
NRC National Standard Emphasis in Inquiry

Less Emphasis on Inquiry that:

More Emphasis on Inquiry that:

Cook book type labs that demonstrate
a concept

Lack of process skills

Investigations completed in one class
session

Getting the right answer

Individual work that is not shared

Few Investigations done is classroom

Activities that require investigation and
analyzing of findings

Emphasis on process skills

Investigations occurring over a prolonged time

Using evidence to develop and revise thinking
to provide an explanation

Discussion of ideas and results as a class
emphasizing justification and explanation
Many investigations done to develop
understanding, ability, knowledge of inquiry
and science content.

Table modified from Chiappetta & Koballa, 2000)
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investigation skills, and the understanding of science concepts and principles” (p. 393).

Even with this support inquiry remains a loosely defined instructional style having

varying degrees of student-centeredness (Bonnstetter, 1998; Etheredge & Rudnitsky,

2003).
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What Are the Potential Benefits and Limitations of Inquiry on Student Learning?

Recent studies have revealed unexpected benefits of inquiry learning for students
with special needs (Brown, 1994; Champion, Shaprio, & Brown, 1995; Zohar & Dori,
2003). A synthesis (Zohar & Dori, 2003) of four independent studies investigating the
role of inquiry on low achieving students’ responses to instruction reported positive
findings in all four studies. Zohar and Dori’s (2003) analysis of these four studies
revealed that most teachers believed that only those students who were academically
accelerated would benefit from instruction designed to develop higher-order thinking.
Further, Zohar and Dori found that low-level students were not typically given the same
opportunities to engage in higher-order thinking and that they were held to lower levels
of expectation. Zohar and Dori also noted that even when teachers were explicitly
instructed to engage all students equally in higher-order thinking tasks, differences in the
treatment of students persisted. Zohar and Dori concluded that these studies were thus
inherently biased against lower-level students as a result of teacher beliefs that higher-
order skills were beyond the ability of low-level students. Even in light of this bias,
results of all four studies showed significant gains in higher-order, practical reasoning
performance in both low- and high-achievement groups. Significant also in this study
was the clear pattern of improved performance for the low-achieving population of
students. This goes counter to what most teachers believe, making a strong case for the
benefits of inquiry-based instruction that places special emphasis on higher-order

reasoning skills (Zohar & Dori, 2003). These studies support inquiry as an effective
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means of challenging all learners at whatever academic level they are, thus complying
with No Child Left Behind (NCLB) mandates to provide students with the least
restrictive learning environment.

Brown (1994) summarized the benefits of inquiry for all students including special-
needs students in this statement, “Group cooperation, where everyone is trying to arrive
at consensus concerning meaning, relevance, and importance, helps ensure that
understanding occurs, even if some members of the group are not yet capable of full
participation. Because thinking is externalized in the form of discussion; beginners can
learn from the contributions of those more expert than they” (p. 7). This quote
summarizes not only the benefits of cognitive apprenticeship (Collins, Brown &
Newman, 1991) and distributed expertise (Brown, 1994) in inquiry for special-needs
students, but also for all students of various developmental levels. Learners participate
in inquiry to the level that they are capable as well as develop the cognitive skills to
participate more fully in future inquiry experiences.

Donovan and Bransford (2005) identify three benefits students gain when they engage
in inquiry.

1. Inquiry allows students to confront their own misconceptions under the
guidance of a teacher who is aware of misconceptions that need to be
corrected.

2. Inquiry allows students to develop an understanding of what it means to do

science.
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3. Inquiry coupled with metacognitive strategies enhances learning. Students
improve their conceptual understanding by developing their metacognitive
abilities through reflection on inquiry and monitoring and critiquing claims
of their own and their peers (White & Frederiksen, 2000; Lin & Lehmann,
1999).

Two studies conducted by Kuhn, Schauble, & Garcia-Mila (1992) further reinforce
the importance of conducting inquiry with special-needs students. Further they
emphasize the beneficial impact of inquiry over a prolonged period of time.
Additionally, these studies provided evidence that support the importance of allowing
students to deal repeatedly with the same phenomenon. Kuhn and her associates found
that long term, self-directed inquiry improved students’ reasoning strategies. In their
studies, students dealt repeatedly with the same phenomenon over a period of months,
undergoing iterative cycles of reflection and revision. These cycles were found to
enhance students’ conceptual understanding. As a result of repeated exposure, students
developed a rich conceptual understanding atypical of cookbook-type experiences, “one
shot” inquiry lessons, or teacher demonstrations. These authors found that students
underwent revisions to their conceptual theories and also improved their reasoning
strategies.

Students do not gain an understanding of what it means to do science by memorizing
a set of steps, commonly referred to as the scientific method (Bransford, Brown &
Cocking, 2000; Brown, 1994; Bruer, 1993; Chinn & Malhotra, 2002; Driver, Asoko,

Leach, Mortimer, & Scott, 1994). Inquiry allows students to learn new concepts and
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theories with understanding, to experience the processes of inquiry that are key elements
of the culture of science, and finally, to reflect metacognitively on their own thinking

and participation in scientific inquiry (Bransford, Brown & Cocking, 2000).

Benefits of Authentic Scientific Research Learning

Petrosino, Lehrer, & Shauble (2003) cite benefits of the authentic inquiry process in
the following statement33

...the use of tools and procedures, in the context of authentic inquiry,

become devices that allow students to extend their everyday experiences of

the world and help them organize data in ways that provide new insights

into phenomena (p.143).

Edelson (1998) makes a compelling argument in defense of authentic scientific research
learning, the most student-centered form of inquiry. His three arguments are:

1. Authentic scientific research places the student in the setting in which the
knowledge applies. Edelson (1998) draws attention to the attitudes and social
aspects of authentic inquiry that are likely to be lacking in other more guided
forms of inquiry.

2. Scientists pursue answers to unanswered questions. This uncertainty
constrains scientists to re-examine and repeat their investigations. This
uncertainty is lacking in inquiry experiences with known answers. With

these types of experiences, the cognitive processes scientists experience in
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the authentic science of uncertainty are lacking. Learners who engage in
traditional guided inquiry are believed to entirely miss this aspect of authentic
science.

3. Scientists collaborate. They share their findings, discuss, and debate their
findings with others in the community of scientists. Unless students are
explicitly exposed to discussion or small group interactions that encourage
them to defend their ideas and provide evidence critiqued by others, they too
miss this essential element of what it means to do science.

Scientists pursue things that are personally meaningful to them. They seek
answers to questions they want to answer. Activities that dictate what students
are to investigate deny ownership of learning. This ownership, by its very nature,

elicits a level of commitment to resolve the question.

Limitations of Less Student-Centered Forms of Inquiry

Though more and more classrooms across the United States are engaging in inquiry-
based instruction in response to the NRC, National Standards, and AAAS, much of the
theory that drives classroom instruction is outdated. Brown (1994) observed that “...the
design of school practice is influenced by theories of development more typical of the
1950’s than the 1990’s” (p.10). When inquiry does make it into the classroom, the
inquiry experiences are typically cookbook-type labs that bear little to no resemblance to

the authenticity of how science is done in the real world. Chinn and Malholtra (2002) go
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so far as to claim that cookbook-type experiences actually embed an inaccurate
epistemological view of what science is and how it is done.

Chinn & Malholtra (2002) draw interesting comparisons between what they call
simple inquiry tasks and authentic science inquiry. These authors make a very strong
argument for the cognitive and epistemological differences between the two inquiry
strategies. The first argument is that simple inquiry tasks foster an inaccurate
understanding of authentic science. The second argument is that simple inquiry tasks do
not engage the learner in the cognitive processes that are employed in authentic science.
Consequently, students engaged in simple inquiry tasks will not experience the same
cognitive benefits as those who engage in authentic science inquiry.

In typical guided inquiries, the teacher orchestrates the question, which may or may
not be of interest to the student. The teacher also provides experiments and hands-on
activities that have known outcomes. Inquiry experiences with known and predictable
outcomes circumvent almost entirely the collaborative aspect of the scientific process.
They also deny students the cognitive benefits inherent in solving a problem with no
known solution. In addition, these types of investigations do not provide a context from
which students can develop an accurate understanding of what it means to do real
science. Epistemologically, their experience with scientific investigation does not
resemble how scientific investigations are really done. As a result, students develop an
inaccurate conceptual model of what it means to do science.

Bonnstetter’s (1998) model of inquiry explains how the roles of the teacher and the

student change with the level at which the inquiry is experienced. Implications for the
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student and the teacher are different at every level. As instruction moves from teacher-
centered to student-centered, the impact on the student’s intellectual development
increases. The focus of the classroom changes from a focus on teaching to a focus on
learning (Bonnstetter, 1998; Bransford, Brown & Cocking, 2000). In more student-
centered forms of inquiry the student moves from simple recitation and recall of what
they know to a more “internal reconstruction of the new information” that allows them
to apply their knowledge to new situations such as those occurring in problem solving
(Bonnstetter, 1998). These differences in experiences and the potential impact on
learner outcomes influenced the choice of guided inquiry and authentic scientific

research learning as the two treatments in this study.

What Does Cognitive Learning Theory Reveal About How Students Learn?

Conceptual understanding and the ability to transfer new knowledge to novel
situations are primary goals of education (Etheredge & Rudnitsky, 2003). Inquiry in the
classroom can be effective in accomplishing these goals (Bransford, Brown & Cocking,
2000; Bruer, 1993; Driver, Asoko, Leach, Mortimer, & Scott, 1994; Etheredge &
Rudnitsky, 2003; Feldman & Minstrell, 2000; Goldman, Petrosino & Cognition and
Technology Group at Vanderbilt, 1999; Kuhn, Schauble, &Garcia-Mila, 1992; Polman,
2000). What then, is the link between conceptual understanding and inquiry?

Bruer (1993) presents a convincing argument that the link is readily explained by

what recent cognitive learning theory has revealed about how students learn. Advances
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in research techniques allow researchers as never before to observe how learning occurs.

Studies have shaped and continue to shape new beliefs about what classroom

instructional strategies enhance learning (Bruer, 1993; Donovan & Bransford, 2005).

Figure 1 summarizes the link between cognitive learning theory and inquiry in

producing scientifically literate learners.

Cognitive Learning Theory
1. Learners actively construct new understanding.

2. There are different forms of knowledge, each must be
addressed for conceptual understanding to occur.

3. Prior Knowledge influences perception of new
knowledge.

4. Effective learners arc metacognitively aware .

5. Effective learners "chunk" facts together into organized
sets of information.

6. Learning should be Situated .
7. Learning is social.

8. Learning occurs in times of cognitive dissonance.

Authentic Student
Research

one form

\

leads to

\

enhanced
through

Inquiry
Instruction

Scientifically Literate
Learners

J

one form

{

leads to

/

Among Learners.

Figure1 Concept Map. How Cognitive Theory Through Inquiry Can Lead to Scientific Literacy

Cognitive learning foundations on which the call for inquiry instruction rests and

which are applicable to this study are as follows:

1. Learners actively construct new understanding. This understanding is built

on the foundation of existing knowledge. Learners are not passive recipients
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of knowledge (Bransford, Brown & Cocking, 2000; Bruer, 1993; Donovan &

Bransford, 2005; Driver, Asoko, Leach, Mortimer, & Scott, 1994).

. There are different forms of knowledge (Anderson & Krathwohl, 2001;
Donovan & Bransford, 2005). Effective instruction incorporates the different
forms of understanding as mutually important in creating conceptual
understanding. One form should not be taught exclusive of the other forms
(Bruer, 1993).

. Conceptual constructs, prior knowledge, and prior experiences influence how
learners interpret new knowledge (Bransford, Brown & Cocking, 2000;
Brown, Collins, & Duguid, 1989; Bruer, 1993; Driver, Asoko, Leach,
Mortimer, & Scott, 1994).

Learners need to be encouraged to develop habits of mind that allow them to
assess their own learning. This process is referred to as metacognition
(Bransford, Brown & Cocking, 2000; Bruer, 1993; Donovan & Bransford
2005; Goldman, Petrosino & Cognition and Technology Group at VV