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Abstract

Inquiry-based instruction has many manifestations as an instructional strategy in science education and its effectiveness has rightly been called into question in the light of new theories in cognitive architecture of the human mind. Science literacy is of premium importance for enfranchised citizens of the 21st century and thus the stakes are high for us science educators to be optimally effective in our pedagogical practices.  The learning theories that inquiry is based on, have received waxing and waning popularity during the last half century and it would seem, in my opinion after a significant literature search, that empirical controlled research comparing guided and unguided  does not clearly reveal what is the best course of teaching for various demographic groups K-12
.  
I briefly submit, in the limited scope of this paper, that when students reach a sufficient capacity for abstract thought, then they could be exposed to ever greater minimally-guided inquiry-based lessons which is the most productive strategy in achieving high proficiency of meeting the National Standards for Science Education.
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Inquiry-Based Learning in Science Education and its Effectiveness
As defined
, inquiry is a seeking of truth, information, or knowledge always through a process of questioning and seeking relevant information.  Education begins with the natural curiosity of the learner. John Dewey saw the importance of inquiry based teaching where students take greater ownership of the process of learning almost a century ago when he said in 1910: “Science teaching has suffered because science has been so frequently presented just as so much ready-made knowledge, so much subject-matter of fact and law, rather than as the effective method of inquiry into any subject-matter" (Dewey, 1997, p. 
). In fact one can go so far to say that Socrates constantly questioning phenomena until some logically derived answer became obvious was the start on inquiry-based teaching.  Of course modern science tests tentative ideas (hypotheses) and requires a preponderance of evidence and not just use reason to strive to find ‘truths,’ and hence ‘natural philosophers’ have been replaced, beneficially, with scientists.  Recent discoveries in cognitive structures and processing in the brain have not deterred those who believe that inquiry is the most natural and preferred way of learning
. 
Inquiry-based learning, which I will refer to as ‘inquiry’ from now on, is referred to as active, discovery, or exploratory learning. Here is my preferred quote on inquiry-based teaching:
Inquiry is an approach to learning that involves a process of exploring the natural or material 
world, and that leads to asking questions, making discoveries, and rigorously testing those 
discoveries in the search for new understanding. Inquiry, as it relates to science education, s
hould mirror as closely as possible the enterprise of doing real science. (Foundations, 2000, 
Introduction)

Inquiry grew out of the ‘discovery learning’ movement in the 1960’s which drew on the idea that we are all born curious and naturally learn experientially through our five (or more) 
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senses.  The leaders of this movement to redefine effective pedagogy where constructivist theorists like Jerome Bruner and others like Jean Piaget, Howard Gardner, Richard Suchman, and Seymour Papert. Constructivism assumes that knowledge is not about absolute Truth(s), but is organized, reconciled, and acquired by the learner based on previous knowledge, overall views of the world and their current experience.  A convenient format to view constructivism has been defined by Biological Science Curriculum Study (BSCS). In this model the process is explained by employing five "E’s.”  They are: Engage, Explore, Explain, Elaborate and Evaluate. Not all inquiry teaching is constructivist based, for example Socratic questioning, but often they are very similar.  The premise is that we are born learning using inquiry method of contacting and understanding the natural world. Curiosity and creativity are innate and inquiry exploits these traits to more rigorous pursuits, or, for science teaching outcomes at least, do not squelch these intrinsic natural traits. Like the Hippocratic oath, at least ‘do no harm.’  This is why inquire is a preferred mode of teaching science at the elementary levels to allow kids to have a sense of awe and wonder and opportunities to discover.  Of course they are given concrete concepts to explore and not essentially abstract ones that they are not developmentally ready to comprehend.
 

One of the expected outcomes of inquiry is that it promotes students to have certain ‘habits of the mind’ proper for a modern scientifically literate person, a life long learner, and someone who has learned to ‘work smarter’ to be successful in an ever increasing more sophisticated society. One of the important elements of active learning is the meta-cognitive postulate of “how to learn” or “how we come to know” should be emphasized over, or at least just as important, as “what we know.”  The National Science Education Standards (year) and the Benchmarks for Science Literacy (year) indicated
 not only support for the teaching of science through inquiry but actually encouraged it: 
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"Students at all grade levels and in every domain of science," it states, "should have the opportunity to use scientific inquiry and develop the ability to think and act in ways associated with inquiry, including asking questions, planning and conducting investigations, using appropriate tools and techniques to gather data, thinking critically and logically about relationships between evidence and explanations, constructing and analyzing alternative explanations, and communicating scientific arguments." (National Research Council, 1996.p. 105)
 

The outcomes of science is not just to build content knowledge which is ever changing and growing and can be easily accessed when necessary, but to teach children how to think critically, synthesize information accurately, apply knowledge, and solve problems creatively. They also need technological skills and meet the changing needs of our students (CSMEE, 1998).  I like to stress to my students how science, technology and society are intertwined and inform and affect each other in simultaneously.  


Levels of Inquiry

There are several approaches or levels of inquiry that require different amount structure or guidance, the following is paraphrased from (Colburn, 2000):

Structured Inquiry-the teacher provides students with hand-on problem to investigate, as well as the procedures and materials, but does not inform them of expected outcomes and the students identify variables and their relationships.

Guided Inquiry-the teacher provides only the materials and problem to investigate. Students devise their own procedure to solve the problem or conduct the investigation.

Open Inquiry-like guided inquiry but students also select the problem to investigate and comes closed to mirroring real science.

Learning cycle-the students are engaged in an activity that introduces a new concept and apply the concept in a different context.
Inquiry is certainly an all or nothing teaching strategy, such it must be unguided,  but it does require a mindset on the teacher’s part of engaging students to construct and Inquiry Based 
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modify their own knowledge for themselves whenever it is pragmatic even if it is to simply ask students during a lesson on a new topic what they know, or ask a series of leading questions during a lab activity that has known result.
Examples of Inquiry-Based Instruction

The aforementioned ‘discovery learning’ founder Bruner argued that “practice in discovering for oneself teaches one to acquire information in a way that makes that information more readily viable in problem solving" (Bruner, 1961, p.26). Thus one of the principle applications of inquiry is problem-based learning whereby  instruction begins with a authentic complex and open ended problem that has more than one sensible solution.  The students are only given guidelines and teachers act like coaches helping them find the resources and advise an approach or perspective of their choosing. Case studies is another similar lesson for inquiry where a teacher involves students in the learning process through focusing on questions on a real scenario that needs analysis or a solution. 

Inquiry can take many forms. Thinking critically and creatively using sicence process skills are some of the most important outcomes to measure. How do you assess? By making thinking visible through concept maps, notes from discussions, diagrams, informal assessments, Socratic questioning using Bloom’s taxonomy, projects, reports, essays, computer simulations, and web-based communications such as  are just a few inquiry-related activities that act as a on-going performance assessment. Of course questioning students to think creatively, relying  their own notions of what is true is always inquiry. Therfore, even traditonal lecturing can become interactive and dynamic and more student centered.

The following list outlined from Joe exline’s online workshop in inquiry (Exline, 2004) of what inquiry learning looks like in pracitce:

· Students view themselves as learners in the process of learning.
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· Students accept an "invitation to learn" and willingly engage in an exploration process.

· Students raise questions, propose explanations, and use observations.

· Students plan and carry out learning activities.

· Students communicate using a variety of methods.

· Students critique their learning practices.
Benefits of Inquiry-Based Instruction 

The following list of advantages of inquiry-based learning is mostly taken from (Youthlearn.org, 2008):

· encourages active engagement, collaborative learning environment

· promotes motivation; better attitudes, –self construction of knowledge

· promotes autonomy, responsibility, independence 

· development of creativity, critical thinking, and problem solving skills. 

· a tailored learning experience, flexible and work well for interdisciplinary projects

· models real science process and habits of mind

· positively reinforce skills in all three domains-physical, emotional, and cognitive.

· Can work in any age group as long as content is developmentally appropriate

· Validates the experience and knowledge that all kids bring to the learning process.

Students who have been taught using mostly inquiry strategies generally perform better on standardized tests (Von Secker,1999), though it seems to me that performance tests would be better fit assessment for the inquiry scheme.  
Perhaps teachers not sufficiently prepared to teach in this way is the main reason that is seen to fail in many formats compared to traditional direct teaching as the critic like Paul Kirschner point out.  The teacher’s role as guide or mediator of inquiry is very dynamic. Many teachers find that inquiry-based teaching is very complex and challenging. A teacher must have master knowledge of their subject matter to ask or model pertinent questions and be an effective facilitator to their students through out the inquiry process giving frequent feedback. Helping them to clarify misconceptions and find and interpret pertinent information, and 
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develop an attitude of taking intellectual and social risks in collaborating with others as they explore solutions or new information.  “In essence, a classroom environment that is supportive and conducive to doing inquiry must be consciously developed. The teacher must create a climate for doing inquiry.  
In order for inquiry to be effective, a teacher must lay a foundation in which students can begin to take more responsibility for their own learning” (Foundations, 2000, Chapter 6).  An effective Inquiry-based classroom gives students frequent opportunities to confront new 
information and experiences in the search for meaning with a learning environment that assists and prompts the exploration of meaning. Not an easy situation to manage depending on the maturity of the students but, I would say an ideal one to aspire to.
Madeline Hunter, who is the most well known proponent of direct instruction, is famously quoted as saying: “tell them what they need to know, show them, and tell them what they have just learned,” has the contrary but equally sensible Confucius proverb: "I hear and I forget. I see and I remember. I do and I understand." 
The later would signify inquiry more than direct instruction in my opinion. The carefully written National Standards have endured even with ‘No Child Left Behind’ policies without many revisions or addendums, and consequently, we could say that no matter what one’s pedagogical stance or favored strategies that these standards are our consensus objectives.

The goal of science education, as stated in the National Science Education Standards, is "to educate students who are able to experience the richness and excitement of knowing about and experiencing the natural world; use appropriate scientific principles in making personal decisions; engage intelligently in public discourse and debate about matters of scientific and technological concern; and increase their economic productivity 
through the use of the knowledge, understanding, and skills of the scientifically literate person in their careers" (National Research Council. 1996, p. 13).

I would propose Inquiry-based strategies are an optimal match for accomplishing these objectives for it best approximates/models the epistemology of science, most engaging generating more positive attitudes toward science, and it correlates well with how people naturally learn best according to constructivist theory.
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�Awkward sentence.  Better to say it in two simpler ones.


�By whom?


�Must have page number for direct quotes.


�According to whom.  You cannot make claims with citation support unless it is common knowledge or your personal opinion.  With evidence for support, anyone could say anything and it would thus not be academic writing but op ed.


�See APA with what to do on a long quote...Rivas notes.


�You did not cite any of this.  Later on this would all be thrown out or disregarded.


�Past tense.


�Check APA.


�Citation needed with page number.


�What a wonderful paper that is full of excellent content.  It is poorly written though and would get a failing mark for a graduate student.  Consistency is lacking which is usually a sign of not enough time spent editing.  Your thought process is advanced though and I am proud of that...the other will come.  This is too long as well, learning to write concisely is a valued skill.  9/10





