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Inquiry learning has long been the gold standard for quality science education.  Inquiry, as described by the National Research Council (1996), is “diverse ways in which scientists study the natural world and propose explanations based on the evidence derived from their work.” Inquiry refers to activities of students where they develop knowledge and understanding of scientific concepts, and methods to study the natural world.  


Research has demonstrated that students who engage in inquiry learning perform significantly better on higher thought assessments and equally well on traditional fact-oriented cognitive assessments (Costenson & Lawson, 1986).   In order to implement inquiry learning successfully, teachers must understand what inquiry is, must understand the structure of their scientific discipline, and be skilled in inquiry-teaching.  Since it can take many forms, it is critical that educators understand different forms of inquiry, and the value of implementing each.

Herron (1971) established a hierarchy of cognitive expectations associated with different types of hands-on laboratory activities and created a rating scale  (see Table 1).   Teachers of inquiry would likely group Herron’s 0 and 1 levels together and refer to them as cookbook activities – those requiring the student to, in essence, follow a recipe to gather prescribed results.  Inquirists term cookbook laboratory activities as structured inquiry (Martin-Hansen, 2002).  Level 2 on Herron’s scale is termed guided inquiry.  Students are given a problem, often curricular in nature, and asked to develop an appropriate strategy for solving the problem.  This format has been adapted by the State of Connecticut and is used in the Connecticut Academic Performance Test laboratory performance task (CTDoE, 2001).  

Table 1.  Herron Scale

	Score
	Description

	0
	Problems presented, methods, and correct interpretations are obvious.  Observation labs, experience labs, labs that teach new techniques

	1
	A problem and method are posed.  Students are expected to find new relationships

	2
	Problems are posed, methods and answers are open for student interpretation

	3
	Problems, answers, and methods are open.  Students are confronted with raw phenomena


Very rarely are students, in a traditional science academic setting, able to engage in Level 3, or open inquiry activities.  Although the National Science Standards and professional organizations encourage open inquiry, the practicality of meeting curricular demands coupled with teachers’ lack of research experience makes the feasibility low.  Teachers often use a hybrid of guided and open inquiry, termed coupled inquiry (Martin-Hansen, 2002).  Teachers will present a guided inquiry activity and then allow students to follow up the experience with a related open inquiry activity.  The experience is not truly open, because students are basing their “raw phenomena” on a very specific related topic.

So where are opportunities for open inquiry left for students?  One model that has cropped up on an extremely limited basis in Connecticut is that of an independent science research course. Students have the opportunity to select topics of interest then develop and execute the project, often working in conjunction with field mentors.  Because of the expectation of a classroom setting, students often develop sophisticated, meaningful projects (Rosvally, 2002).  But students gain more:  they have the opportunity to be creative.  The problem is not given, and therefore, students must engage in mess finding and problem finding activities to develop a meaningful project before they begin to problem solve and report. (Costenton & Lawson, 1986).


An independent applied research program allows students to learn in context.  Brown et. al. (1989) suggest that activities in context are integral to learning.  Following this situated cognition model, Roth and Roychoudhury (1993) were able to generate findings to show student growth in knowledge, skills, and dispositions via extended open inquiry.  Their qualitative data indicated that student interpretation of results evolved from simplistic to being able to identify complex relationships using multiple representations of experimental data.   Following their own interests was motivating, and students were able to generate new ideas from previous results.  In addition, students became more adept at planning experiments when given the freedom to chose topics.  


Perhaps one of the most significant results of the Roth and Roychoudhury study was that students were able to define concepts, events, and actions to design their experiments and communicate the results.   In other words, content acquisition occurred in situ:  as students needed to understand scientific concepts to further their experimentation, they used the necessary and varied resources to achieve that goal.  Students were able to develop highly competent integrated science process skills in a situated cognitive context.


In an extended open inquiry environment, student autonomy is significant (Tytler, 1992).  Students spend an extraordinary amount of time and effort working on their projects.  In addition, they display independence in their pursuit of background knowledge and the development of their experimental designs and protocols.  Some of the students in the Tytler study display characteristics of independence, drive, curiosity, and a desire for new knowledge acquisition.   A few had an awareness of the difference between themselves and other students (Tytler, 1992). The Tytler study did not indicate that students need to be academically elite.  Rather the key factors for success were interest and motivation.  There was a wide range of dispositions and abilities of students.  


So, although not common in secondary science education, formal opportunities to pursue extended open inquiry have the ability to develop students’ scientific minds.  Their abilities to reason with logical scientific thinking and to follow problems from conception to explanation allow them to competently develop, understand, and explain ideas in context.  Although this model is non-traditional, its potential to develop higher-order thinking skills appears to supersede classic science education.
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