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Running Head:  Enhancing Inquiry

Abstract

Recent efforts to improve inquiry-based learning experiences of students in science courses have increased dramatically.  Several national efforts developed guidelines and standards for science education programs that emphasize the importance of learning content as well as developing positive attitudes toward science.  The pivotal figure in affecting a change toward this vision is the classroom teacher.  Programs that engage teachers-as-learners and teachers-as-scientists present opportunities for teachers to experience the type of learning they want to provide for their students.  The ENVISION professional development program presented participating teachers with opportunities to enhance and develop their knowledge and use of inquiry through activities designed to increase their understanding of environmental science concepts.  The combination of modeling teaching techniques and the development of environmental science concepts addressed the type of professional development experiences called for in the National Research Council standards (1996) as well as by members of the environmental science education community.  By involving the teachers-as-learners in inquiry-based laboratory investigations and teachers-as-scientists in environmental research projects, they experienced inquiry in the context of environmental science, thus using inquiry while learning the science.  This paper presents an NSF funded professional development program: ENVISION, the relationship between ENVISION and the national standards and the environmental education guidelines, and examples of activities that engaged teachers in the development of their knowledge and use of inquiry-based environmental science experiences.

Enhancing Teachers’ Knowledge and Use of Inquiry

Through Environmental Science Education
Efforts to improve the learning experiences of students in environmental science education courses have increased dramatically over the past decade.  An emphasis on the importance of learning environmental content as well as the development of positive attitudes toward environmental science has been at the heart of several national efforts to develop guidelines and standards for those involved in developing and presenting environmental education programs.  For example, in 1999 the North American Association for Environmental Education (NAAEE) published Excellence in Environmental Education – Guidelines for Learning (K-12) (1999), a document that “offers a vision of environmental education and promotes progress toward sustaining a healthy environment and quality of life” (p. 1).  This vision included standards for what learners should know and be able to do to achieve environmental literacy for grades K-12, and these standards included a strong emphasis on the importance of learners constructing knowledge and meaning through inquiry.  Science teaching and learning as a whole has been the focus of reform efforts for many years, and the National Research Council (NRC) has led the way in developing education standards and methods.  The National Science Education Standards (NRC, 1996) also emphasize the use of inquiry-based investigations as a means of effective science teaching and learning.  Both documents, the NAAEE guidelines and the NRC standards, call for teachers to be prepared to incorporate techniques to promote the use of inquiry in their classroom.  This paper will present a professional development program, ENVISION, designed to enhance and develop teachers’ knowledge and use of inquiry-based investigations in environmental science lessons, the relationship between ENVISION and the national standards and the environmental education guidelines, and examples of activities that engaged teachers in the development of their knowledge and use of inquiry-based environmental science experiences. 

ENVISION:  An Environmental Institute

ENVISION, a professional development program funded by the National Science Foundation, was designed to enhance and develop teaching techniques and environmental content knowledge for middle level teachers.  ENVISION emphasized the development of environmental content and pedagogical techniques relevant to the study of watersheds, urban and built environments, and rural environments through field studies and laboratory investigations.  Teachers from four midwestern states participated in the program by attending a three-day orientation workshop in the spring and the four-week institute during the summer.  

During the ENVISION institute, teachers explored their knowledge of inquiry, and they were involved in the inquiry process by generating questions and designing and conducting investigations in the laboratory and as field studies.  These investigations, combined with numerous classroom activities that modeled pedagogical techniques, presented opportunities for teachers to build their content knowledge and skills for teaching environmental science.  In ENVISION, the activities presented to the teachers during the institute modeled the types of inquiry-based experiences to be used in the classroom, involved the teachers as active learners in the development of their knowledge and skills, and provided authentic opportunities for teachers to learn the content knowledge needed to provide effective environmental science learning experiences for their students.

ENVISION and the Professional Development Standards

The National Science Education Standards (NRC, 1996), calling for inquiry-based teaching in the classroom, guided the development and implementation of the environmental science experiences that were at the heart of the ENVISION institute.  The standards identify the need for professional development programs that specifically target inquiry as a way to learn science and as a learning outcome rather than traditional information-transmitting experiences.  Loucks-Horsley et al. (1998) summarized the emphases presented in the standards as changes

. . . from transmission of knowledge to experiential learning; from reliance on existing research findings to examining one’s own teaching practice; from individual-focused to collaborative learning; and from mimicking best practice to problem-focused learning (p. xv).  

Professional development programs that promote inquiry learning interact with teachers-as-learners rather than as information-gatherers.  This means that the type of experiences presented to teachers during professional development programs should actively engage the participants and model the type of teaching intended for the classroom.  Research in learning has demonstrated that experiences that involve teachers as learners do in fact result in the construction of meaningful knowledge and skills (Brooks and Brooks, 1993; Loucks-Horsley et al., 1998; Sparks and Hirsh, 1997).  Thus professional development programs that teachers participate in should model the same types of learning activities that they wish to have their students experience.  

Similarly, Ballantyne and Packer (1996) stated that if environmental science education experiences are to be effective, “teaching strategies must be considered as interdependent with conceptual content rather than as general strategies that are universally applicable” (p. 26).  In other words, while learning “how” to teach environmental science, teachers should develop sound environmental concepts and strategies that are appropriate for specific topics.  Teachers who participated in ENVISION experienced inquiry-based learning opportunities called for in the standards while learning environmental science concepts with the expectation that they would utilize these strategies in their classrooms to develop environmental science concepts with their students.
What is inquiry?

Although content and approaches can vary between scientific disciplines, the use of scientific inquiry as a means of gaining knowledge and understanding has common characteristics in all branches of science that can also be used “in thinking scientifically about many matters of interest in everyday life” (American Association for the Advancement of Science 1989, p. 4).  The National Research Council published the National Science Education Standards (NRC, 1996) (referred to as the standards) as a tool for the educational system to use to promote scientific literacy for all learners.  The theme throughout the standards is that science teaching and learning should actively involve learners in meaningful experiences that provide opportunities to develop their inquiry abilities and understandings.  In addition, the teaching and learning strategies presented in the standards allow for inquiry skills and understanding to be developed through investigations.  The abilities needed to conduct a scientific inquiry (grades 6 – 8) are the skills of:

· identifying an investigatible question; that is, one that can be explored through a scientific investigation

· designing and conducting a scientific investigation using observations, identifying and manipulating variables, and taking measurements

· using tools and techniques that support data collection, analysis, and interpretation

· using evidence to generate explanations and to develop models, knowledgeable predictions, and descriptions

· considering alternative explanations

· communicating the steps of the investigation and the findings

· using mathematics to ask questions, work with data, and generate explanation (NRC, 1996).  

The abilities presented in the NRC standards (1996) correlate to the questioning and analysis skills strand for grades 5 - 8 of the Excellence in Environmental Education - Guidelines for Learning, (K-12) (NAAEE, 1999) (Table 1).  The NAAEE skills include: 

· developing questions to do environmental investigations

· designing environmental investigations to answer questions

· collecting information using a variety of sources and methods

· judging accuracy and reliability, that is, the strengths and weaknesses of the information

· organizing and displaying information in a usable manner

· using models and simulations

· using evidence to develop explanations (NAAEE, 1999).  

Although the use of mathematics and communication were not included in the skills strand for this grade range, activities that involve data collection and analysis often use mathematical operations to help make sense of the findings.  Communication of these findings is presented in the guidelines as high school skills.  What this correlation attempts to show is the value of and emphasis on the development of the inquiry skills in science education in general, and more specifically, in environmental science education.
-----------

Insert Table 1 about here

----------
Five Essential Features in an Inquiry Lesson   

Recently, the standards for science as inquiry were synthesized into five essential features (Figure 1) that should be present in lessons (NRC 2000).  Activities that include the essential features of inquiry involve learners in generating investigatible questions, planning and conducting investigations, gathering and analyzing data, explaining their findings, and sharing and justifying their findings with others.  Inquiry, as presented in the standards, moves learners beyond merely hands-on experiences to experiences that engage learners in discovering phenomena, exploring interesting possibilities, and making sense of scientific ideas. 

-----------

Insert Figure 1 about here

----------
Inquiry lessons can occur at several levels, from highly structured activities (more teacher directed) to open inquiry (more learner directed) (Tafoya, Sunal, & Knecht, 1980) based on the goals a teacher has for the students.  The activities presented to the teachers during ENVISION, described below, engaged them in several levels of inquiry.  The use of inquiry as a teaching and learning strategy in the development of environmental concepts during the ENVISION institute provided the means of integrating the process with the content as called for by Ballantyne and Packer (1996).  

What do teachers know about inquiry?

In order to effectively integrate inquiry as a learning strategy in environmental science education, the teachers’ prior knowledge about inquiry had to be determined.  Assisting teachers in identifying their knowledge of inquiry and what it meant in the classroom was the first step toward further development of their understanding of inquiry and their effective use of inquiry in the classroom.  A pre-institute assessment was followed by specific lessons implemented during the spring workshop and the summer institute.  Each activity was designed to elicit and develop the teachers’ knowledge of inquiry.  These activities are described in detail below.

The pre-institute assessment

Teachers completed a pre-institute survey (Appendix A) that contained open response items related to their teaching of environmental topics.  The survey was designed to determine the teachers’ understanding of inquiry.  Teachers were asked to describe how they teach one environmental science issue or concept and if they had ever involved their students in conducting field studies.  The responses were examined to find evidence of the essential features of inquiry (see Table 2).  In most instances, teachers utilized questions, had students collect evidence/data, and had the students communicate their investigations to others.  Few teachers indicated that they had the students form and evaluate explanations using the data as evidence.  

---------------

Insert Table 2 about here

-------------

The teachers were also asked if they used inquiry-based teaching methods for teaching environmental science and, if so, were asked to list the science topic and to describe their teaching method.  The responses to this question explicitly identified the teachers’ knowledge of what an inquiry-based experience looked like in their classroom.  Of the twenty-three completed surveys, six teachers did not respond or indicated “not applicable” when asked if they used inquiry-based teaching methods.  Of those who did respond to this question, seven indicated the use of questions, either student-generated or provided by the teacher; three mentioned the use of observations and one stated testing and evaluating an unknown, indicating some priority was given to evidence; one stated she had students research and propose solutions to a problem, thus forming an explanation; and one indicated she used student presentations and projects, thereby including communication in her understanding of inquiry-based teaching.  

These results indicated that, although the teachers did not specifically identify many aspects of inquiry in their teaching (question #6), their descriptions of how they teach environmental issues or concepts (question #2) included more of the features of inquiry.  The task of the ENVISION staff was to assist teachers in recognizing aspects of their teaching that aligned with the essential features of inquiry and to develop an understanding of all of the features, particularly forming and evaluating explanations based on the evidence gathered, and how these features can be incorporated into their lessons.  This basic understanding of how the teachers viewed inquiry-based learning in their classrooms provided the groundwork for enhancing their understanding and use of inquiry through the environmental science experiences presented to them during ENVISION.  

The spring workshop

A major component of the ENVISION institute involved conducting environmental site surveys using Environmental Protection Agency and ENVISION-generated tools.  To complete the surveys, teachers gathered data about specific areas such as Celery Bog (a local nature area), a schoolyard, and the downtown section of a city.  The purpose of each survey was to introduce the teacher-as-learner to an in-depth look at an environmental site that could be familiar to them.  By involving the teachers in conducting the surveys during the institute, the teachers became familiar with the areas and had a context from which they could construct a plan for an investigation, much like they would do with their students.  In essence, they were involved in the first steps of conducting a scientific inquiry.  The teachers used their familiarity with these sites to design an outline for a classroom lesson during the NRC Inquiry Activity described below.

The NRC Inquiry Activity, presented on day 3 of the spring workshop, introduced ENVISION teachers to the NRC standards (1996) for inquiry-based teaching and learning.  The activity was designed to build from an individual understanding toward a group understanding of what inquiry means and how inquiry could be incorporated into an investigation.  Teachers were asked to individually write a description of what they thought inquiry was and what it might look like in the ideal science classroom.  Cards were then distributed to the teachers with one inquiry standard written on each card (Appendix B).  The teachers were instructed to independently write what they thought the standard on the card meant.  (Some teachers had more than one card, which may or may not have influenced their response.)  When all responses were written, the teachers were provided time to share and discuss their response(s) within a small group.  Teachers were free to revise their response based on the group’s discussion.  

Each group was then asked to compare their group’s understandings to the standards document (NRC, 1996).  Again, they could revise their group’s understanding based on this new information.  Finally, each group was asked to use the standards and their understanding to develop an outline for an inquiry-based lesson around one of the field trips taken during the workshop. 

 One group chose to outline the infiltration activity conducted at a local school (see Table 3).  This particular activity was designed to gather information about the infiltration rate of water in soil and was conducted in conjunction with the schoolyard survey.  Although the teachers do not identify the skills necessary to conduct a scientific inquiry, they do indicate eliciting the students’ prior knowledge through questions about water such as:  what experiences they have had with water, where it goes, how long it stays, does it only evaporate, and how this could be tested.  These questions would help focus the students thinking toward the topic to be investigated prior to becoming familiar with the specific site.  

-----------

Insert Table 3 about here

----------
From there, the inquiry seems to be teacher directed toward a given goal.  For example, after students survey the site, they discuss possible ways to conduct the experiment, thus achieving the goal.  However, the students are not involved in generating a scientifically oriented question about the area they surveyed.  This indicated to the ENVISION staff that the teachers were not yet comfortable with allowing or guiding students toward generating their own questions to investigate.  Further, the teachers’ responses referred to the students designing possible ways to conduct the experiment and then “conducting the experiment” yet they do not state explicitly that the students would conduct their suggested methods, which would be an example of a more student-generated level of inquiry.  The responses in this plan were similar to those of the pre-assessment in that using gathered evidence to formulate, explain, and justify their findings was not emphasized.  The plan called for students to discuss and interpret data, relate this to the real world, redesign the investigation if needed, and to share the results.  The plan did not indicate using the results to “explain” the situation at hand; the results would only be reported.  The ENVISION staff identified the development of explanations as an area to focus on during the summer institute.  

The summer institute
The NRC Inquiry Activity was one example of a technique designed to elicit and enhance teacher knowledge of inquiry.  Another example of a lesson designed specifically to focus teacher attention on inquiry teaching was the Inquiry Teaching and Assessing activity.  The purpose of the activity, presented during the summer institute, was to use the inquiry standards as a tool for analyzing and reflecting on teaching.  

In this activity teachers explored inquiry teaching by analyzing three different teaching scenarios in light of the NRC (1996) inquiry standards from the teachers’ and learners’ perspective.  First, each small group of teachers generated a list of characteristics, indicators, or criteria for determining if inquiry-based instruction was observed in a science classroom.  In other words, what would they look for if they were to observe a teacher involving students in an inquiry-based activity?  Each group shared several characteristics and a whole group list of criteria was generated.  Each group was then given one of three teaching scenarios (NSF, 1999).  The teachers were asked to characterize the type of teaching presented in the scenario and evaluate this teaching using the set of group-generated criteria.  Further examination of the scenarios provided teachers with an opportunity to examine the teaching from a student’s perspective by using a modified version of the “Essential Features of Classroom Inquiry” (NRC 2000) (see Figure 2) and from a pedagogical perspective based on the NRC (1996) changing emphases to promote inquiry-based instruction (see Figure 3).

----------

Insert Figure 2 about here

-----------

-----------

Insert Figure 3 about here

----------

What the teachers learned from this activity was that inquiry experiences could take on many levels as presented by Tafoya, Sunal, & Knecht, in 1980: 

1) more teacher-directed with guiding questions provided and step-by-step procedures given, students are involved with the materials in an effort to re-discover some identified phenomenon (a confirmation activity)

2) less teacher-directed whereby students are given a guiding question and the procedures to investigate (structured inquiry)

2) less teacher-directed with a guiding question, suggested materials, and student directed investigation (guided inquiry) 

4) student-centered allowing students to generate questions based on observations and interest, materials are provided as needed, and the teacher serves as facilitator of the activity (open-inquiry).  

One teacher’s comment seemed to reflect the impression of the others:  “Too much freedom is almost scarier, where too much direction is stifling.”  

Inquiry-based Investigations

Other experiences that provided teachers with opportunities to develop their knowledge of inquiry had the teachers actively involved in different types of inquiry lessons.  The examples below describe teacher activity in a field-based study they designed, a guided laboratory investigation, and a group-designed research project.
Urban and Built Environments

Simmons (1993) found that teachers view urban nature as providing a source for studying how a city works as well as the opportunity to visit public resources such as museums and parks.  They often overlook the “natural” environment that exists as a potential arena for exploration.  The ENVISION scenario, Downtown Dilemma, involved teachers in the identification and investigation of factors that could be potential causes of a problem with tree growth in urban environments (see Figure 4).  Using their familiarity of the downtown area gained during the site survey conducted in the spring workshop (see Figure 5) and a Terraserver (http://www.terraserver.microsoft.com) image of the area, the teachers discussed possible causes for the dilemma, ways they could determine the cause, and what environmental factors could be investigated in a field-based study.   

-----------

Insert Figure 4 about here

----------

-----------

Insert Figure 5 about here

----------- 

In small groups they generated five questions for consideration to share with the whole group.  Each group then selected one investigatible question and began work on their investigation planning guide (Appendix C).  An investigation plan was written that stated the problem, what they already knew about the problem, their investigation question, and why this was important to investigate.  Each group then listed the needed materials, identified the variables that needed to be considered, made a prediction of what they thought they would find, and wrote an explanation or reason for that prediction.  The next step was to write step-by-step directions for conducting the investigation.  The final step of their investigation plan was to tell how the plan would answer their investigation question.  When the plan was approved by an ENVISION staff member, the groups were able to gather their materials and go to the downtown area to conduct their investigation.  They used the investigation report (Appendix D) to record data, transform the data into a graph or table, interpret the data, and write an explanation of their findings using scientific ideas as support.  Several groups followed their on-site investigation with research on the Internet and in scientific texts for additional information needed to answer questions that surfaced during their investigation.  For example, one group noticed that specific types of trees were affected and wanted to identify the species, determine the optimal environment for that species, and make recommendations based on this information.  

To promote the communication of results in a unique way, each group was asked to prepare a written report of their findings and recommendations to the “city council” comprised of their peers (Appendix E).  The report was to present their guiding question; how the investigation was conducted, including what tests were done and how; what the findings were; an explanation of the findings; and a proposed solution to the problem.  Each group had a choice as to how they presented their report.  Presentations included PowerPoint slide shows, overhead transparencies, and posters.  During the presentations, the teachers as learners asked and answered questions about the investigations, clearly wanting to know more about the process as well as the results.  In a follow-up discussion, the teachers recognized the features of inquiry inherent in this lesson.  They:  

· generated the scientifically oriented questions to be investigated, 

· determined what evidence was needed, 

· formed explanations based on their evidence, 

· supported or adjusted their explanations based on scientific ideas, and 

· communicated and justified their explanations in the presentations to the “city council”.  

In addition, the teachers identified this activity as one they could use in the classroom to actively engage their students in a meaningful inquiry-based investigation of a built environment.  
Investigating Drinking Water

An activity that involved the teachers in an inquiry-based laboratory investigation was Water You Drinking.  Groups of teachers-as-learners generated an investigatible question then followed established procedures to design and conduct an investigation of available drinking water, for example, bottled water, water from a drinking fountain, and tap water from various buildings.  After conducting standard laboratory tests, teachers analyzed their data and compared the results to each other’s and to the state and federal water quality standards.  The teachers used reference materials to identify the state and federal water standards and to derive the meaning of contaminants with respect to environmental quality and human health.  Finally, each group presented their research question, data, analysis, and conclusions to the class.  The correlation of this activity to the essential features of classroom inquiry from a learner’s perspective is presented in Table 4.  

----------

Insert Table 4 about here

----------


In most instances, the groups chose to test water from indoor drinking fountains in a variety of locations or to test and compare different types of bottled water.  One group, however, chose to extend their investigation beyond the typical drinking water test after observing children playing in an outdoor fountain.  Their reason was that children often unintentionally drink the water while they play.  This group’s investigation focused on the water in the public fountain and a campus swimming pool.  The teachers wanted to determine if the water in these locations was safe.  

Thinking that the water in the fountain and the swimming pool was continuously recycled, they decided to find out how the water was treated and how standards were maintained.  The teachers interviewed personnel responsible for maintaining the water quality of these facilities to determine procedures and standards.  One interesting, yet unexpected, finding of their investigation was that the water in the fountain was not recycled, which they determined by using a dye to track water movement.  This knowledge led to additional questions for further investigation:  Where does the water go?  Is the water reused elsewhere?  Is the water ever treated?  Knowing that the water is not recycled through the fountain concerned the teachers-as-learners.  They wondered if this was wasteful, if the cost of treating the water exceeded the cost of using “fresh” water, where this “fresh” water came from, and if there was a method of treating the water in the fountain that could justify recycling the water rather than replacing it with fresh water.  The concerns and questions generated by the teachers-as-learners could have been investigated if time allowed, and illustrated the high level of motivation that can develop in learners who are doing investigations based on their own ideas and concerns.  This activity modeled the type of inquiry-based laboratory that teachers could use to involve their students in investigating the immediate environment, in determining the impact of human actions on the environment, and understanding the “science” behind decisions that affect the environment.  

Conducting Research Projects

The final activity presented during ENVISION allowed the teachers to utilize the environmental science knowledge and skills they had acquired during the institute in an open inquiry investigation.  The teachers conducted field-based research.  By conducting their own field-based research, the teachers would be more likely to have their students do research.  The teachers worked in teams, as was encouraged, or individually to identify a specific environmental issue, problem, or topic to investigate.  The investigation question and plan had to meet certain criteria:  it had to be feasible, and it had to be conducted within the allotted time frame of approximately one week. The assignment then modeled the format of authentic research in that specific information was presented in a proposal to an “audience” identified by the team as a stakeholder or interested party.  The proposal included the following: 

1)  An Executive Summary stating the problem to be investigated, the goals of the research team, what data would be collected, how the results would be used, a time frame and budget for the project.

2)  Qualifications of the researchers:  who are the research team members and their background as related to this project

3)  The purpose and motivation behind the research:  what issue or problem led to the research

4)  A project description:  stating the procedures and specific tests; identifying parameters and limitations to the research

5)  Implication of the research:  what the results will indicate and how they will be used 

6)  A detailed timeline:  indicating data collection, analysis, and presentation

7)  Estimated budget:  consultation fees, materials - in this case, a fictitious budget

The final reports, presented by the teams using PowerPoint, included details of the investigation; the data collected, analysis, and interpretation; implications of the results; and a recommendation to the identified audience.  In addition, the teachers analyzed their process and results and identified limitations to their research. 

By engaging the teachers in conducting such a research project, the teachers-as-scientists focused their thinking on their ability to conduct the research, what they needed to know in order to follow through with their plan, and what procedures must be followed to conduct a scientific research project.  Another benefit of conducting this research was the understanding these teachers have of the challenges, frustrations, and rewards similar to what their students experience while conducting research projects.  The research project modeled the approach teachers were to incorporate in their classroom teaching. 

One research project conducted by a team of teachers identified pubic concern as a reason to test the water qualities of a major midwestern river.  After identifying the water quality rating of the Middle Wabash – Little Vermilion Watershed (EPA, 2000), they wanted to determine if tributaries entering the mainstream affected the overall quality of the water.  This team presented a plan that described the purpose of and procedure for conducting the research.  They identified the tests to be performed, specific points on the river to test, the resources they would need, data recording and transformation format, and how their information would be used to answer the question.  When analyzing and interpreting their data, this team found that the results confirmed their suspicions:  that water entering the mainstream from side streams contributed to the lower quality of the waterway further downstream.  Their results also helped them recognize limitations to their research.  The teachers realized further research was needed to specifically identify the source(s) contributing to the contamination of the waterway, as stated in their report:

There are many significant implications to the research project.  First of all, test results showing a decline in water quality as the watershed grows indicate that there are an increased number of both point- and nonpoint sources of pollution along the Wabash River and in the Middle Wabash-Little Vermilion watershed.  These pollution sources can be investigated.  Secondly further water quality tests at the position on the river in which the industry, farm, etc. is located could be performed to see the impact of that particular source on the watershed.  Finally, the side streams could each be investigated individually, and water quality tests could be performed on each stream as a separate study.  

Recognizing the limitations to their research and identifying areas in need of further investigation provided the teachers with an opportunity to experience scientific research in much the same way that “real world” researchers do.  In other words, their research project led to additional questions for investigation, the need for specific information, and the realization that this particular environmental problem involves more than was initially thought.  Conducting such a research project immersed the teachers-as-learners in the inquiry process and at the same time involved learning the environmental science concepts related to their specific topic. 

Summary

The ENVISION professional development program presented participating teachers with opportunities to enhance and develop their knowledge and use of inquiry in activities designed to increase their understanding of environmental concepts.  This combination of modeling teaching techniques and the development of environmental science concepts addressed the type of professional development experiences called for in the NRC standards (1996) as well as those expressed by Ballantyne and Packer (1996).  By involving the teachers-as-learners in inquiry-based laboratory investigations and teachers-as-scientists in the environmental research projects, they experienced inquiry in the context of environmental science, thus using inquiry while learning the science.  The teachers were provided both the process and the product to provide inquiry-based environmental science experiences for their students.   Additional details and examples can be found at the ENVISION web site, http://www.eas.purdue.edu/geomorph/envision/.
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Appendix A

Pre-Institute Assessment

Open Response Items, Teaching

Directions:  Please answer the questions below that pertain to your teaching situation.  For questions that do not pertain to your situation please indicate not applicable.

1. What environmental science issues or concepts do you cover in your classroom?  List the four you spend the most time on.

2. Describe how you teach using one of these environmental science issues or concepts.

3. What technology resources do you or your students use when teaching/learning about environmental science issues or concepts?  Describe how these are used.

4. Have you ever involved your students in conducting environmental field studies?  If so, please list the topic of the environmental field study and describe how you involved students.

5. Have you personally ever conducted, individually or with research scientists, an environmental field study?  If so please list the environmental topic and describe how you were involved.

6. If you use inquiry-based teaching methods for teaching environmental science, please list the environmental science topic and describe your teaching method.

7. If you use issues-based teaching methods for teaching environmental science, please list the environmental science topic and describe your teaching method.

8. If you teach about environmental science issues, please describe how you assess student learning.

9. In what ways do you have students communicate their environmental science investigations to others?
Constricted Response Items, Teaching

Directions: Circle the response that best reflects your environmental science teaching.

1.  How often do your students identify environmental science questions to investigate?

A. At least once a quarter (four times a year)

B. At least once a semester (twice a year)

C. At least once a year

D. Not at all
2. How often do your students design and conduct an environmental science investigation?

A. At least once a quarter (four times a year)

B. At least once a semester (twice a year)

C. At least once a year

D. Not at all
3.  How often do you include environmental issues in your teaching?

A. At least once a quarter (four times a year)

B. At least once a semester (twice a year)

C. At least once a year

D. Not at all
4.  How often do you have students communicate their environmental investigations to others?

A. At least once a quarter (four times a year)

B. At least once a semester (twice a year)

C. At least once a year

D. Not at all
Appendix B

NRC Inquiry Activity Cards

	Identify Questions that Can Be Answered through Scientific Investigations


	
	Design and Conduct a Scientific Investigation
	
	Use Appropriate Tools and Techniques to Gather, Analyze, and Interpret Data




	Develop Descriptions, Explanations, Predictions, and Models Using Evidence


	
	Think Critically and Logically to make the Relationships between Evidence and Explanations


	
	Recognize and Analyze Alternative Explanations and Predictions


	Communicate Scientific Procedures and Explanations


	
	Use Mathematics in all Aspects of Scientific Inquiry


	
	Abilities Necessary to do and Understand Scientific Inquiry




Appendix C

Investigation Planning Guide

Names(s)






Date

	What is the problem:
	What we already know about the problem:


	Investigation question:



	Why we think this is important to investigate:


	What variable(s) should be changed?  (Independent variable(s))



	What variable(s) should not be changed?  (Controlled variable(s))



	What variable(s) will be observed or measured?  (Dependent variable(s))



	Prediction.  What we think will happen.



	Explanation.  The reasons for our prediction.



	Procedure for conducting the investigation:



	How will the results be used to answer the question?




Appendix D

Investigation Report

Name(s)






Date

Be sure your investigation report includes sections for each of the components listed below.

· Data collected (attach)

· Data transformation (graph, table, etc.) (attach)

· Interpretation of data
· Explanation of data (using scientific ideas to explain results)

· Reflection on original reason for investigation

· How would I change this investigation to improve it?

· What new research questions have been raised as a result of this investigation?

Appendix E

Downtown Dilemma Debrief

A written report to the city council
Name(s) 







Date

What was your guiding question?

How did you conduct your investigation?

What did you find out?

What does this mean?

What do you propose as a solution to this situation?

Table 1 Correlation between NSES Science as Inquiry Abilities and NAAEE Guidelines 

for EE Questioning and Analysis Skills
	National Science Education Standards 

Content Standards   

Science as Inquiry

As a result of activities in grades

 5-8, all students should develop:

Abilities necessary to do scientific inquiry:
	The Guidelines 

for Environmental Education

Strand 1  

Questioning and Analysis Skills

Learners should be able to meet the guidelines

 included in this section by the end of eighth grade.

	
	A)

Questioning

– Learners are able to develop, focus, and explain questions that help them learn about the environment and do environmental investigations.
	B)

Designing investigations

–Learners are able to design environmental investigations to answer particular questions - often their own questions.
	C)

Collecting information

– Learners are able to locate and collect reliable information about the environment or environ-mental topics using a variety of methods and sources.
	D)

Evaluating accuracy and reliability

– Students are able to judge the weaknesses and strengths of the information they are using.
	E)

Organizing information

– Learners are able to classify and order data, and to organize and display information in ways that help analysis and inter-pretation.
	F)

Working with models &

Simulations

– Learners understand many of the uses and limitations of models.
	G)

Developing proposed explanations

– Learners are able to synthesize their obser-vations and findings into coherent ex-planations.

	· Identify questions that can be answered through scientific investigations
	X
	
	
	
	
	
	

	· Design and conduct a scientific investigation
	
	X
	X
	
	
	
	

	· Use appropriate tools and techniques to gather, analyze, and interpret data
	
	
	X
	X
	X
	
	

	· Develop descriptions, explanations, predictions, and models using evidence
	
	
	
	
	
	X
	X

	· Think critically and logically to make the relationships between evidence and explanations
	
	
	
	
	
	
	X

	· Recognize and analyze alternative explanations and predictions
	
	
	
	
	X
	
	

	· Communicate scientific procedures and explanations
	
	
	
	
	
	
	

	· Use mathematics in all aspects of scientific inquiry
	
	
	
	
	
	
	


NRC (1996), pp 145 & 148





NAAEE (1999), p. 5

Table 2 Pre-institute Assessment and Essential Features
	Essential Features
	Number of Teachers

Indicating Feature
	Response Analysis

	Scientifically oriented questions
	43 %
	Students pose, refine, define questions based on observations. 

Students are given questions 

	Priority given to evidence
	30 %
	Students collect samples and test

Students collect and analyze data

Students test and evaluate unknown

	Form explanations
	17 %
	Propose solutions to problems

Comparison to similar phenomenon

Use data to describe changes over time

	Evaluate explanations
	13 %
	Compare results to previous findings, references, reported data



	Communicate and justify explanations
	61 %
	Students report results via class presentations, reports, projects, journals   Justification was not mentioned.  


Table 3 Outline for an Inquiry-based lesson developed by ENVISION participants

	Abilities necessary to do and understand scientific inquiry
	Background – simple experimental action

· personal experiences with H20 on ground

· Where does H20 go?

· How long does it stay

· Only evaporate?

· How could it be tested?



	Identify questions that can be answered through a scientific investigation 


	Survey the area, property



	Design and conduct a scientific investigation
	Give students materials and general goal, give definition of infiltration, let students discuss possible ways to conduct this experiment



	Use appropriate tools and techniques to gather, analyze, and interpret data
	Do the experiment



	Use Math in all aspects of scientific inquiry
	Gather measurable data, trials, mathematically interpret or summarize data (average, etc.)



	Think critically and logically to make the relationships between evidence and explanations
	Make relationships – Discuss and interpret data



	Develop descriptions, explanations, predictions, and models using evidence
	Relate experiment to real situation, drainage for grounds, used in construction



	Recognize and analyze alternative explanations and predictions
	If hypothesis failed, revisit design stage

	Communicate scientific procedures and explanations
	Share, discuss relationship, oil in the ground?




Table 4 Correlation of “Water You Drinking” and Essential Features from the Learner’s 

Perspective

	Procedure:
	Essential Features:

	In small groups, 

· Identify

1. Two water samples to compare 

2. A guiding question: What do you want to know, what differences do you think you will find?

· Plan the investigation: 

What do you need to know before you begin, how can you find out, what tests will you need to conduct?

· Share the investigation plan with the instructor before implementing the plan

· Gather materials: 

What materials will you need?
	1.  Learner engages in scientifically oriented questions. 

	· Conduct the investigation: 

How will you keep track of the information you gather?

· Record results
	2. Learner gives priority to evidence in responding to questions

	· Analyze data: 

Were there any differences in the samples, why or why not? 

Form an explanation of the evidence.


	3.  Learner formulates an interpretation (explanation) from the evidence

	· Conduct Internet, encyclopedic, and reference searches for the water quality standards in Indiana to determine if the drinking water meets the standards and what the tests tell you about the water we drink.


	4.  Learner connects scientific knowledge to interpretation to refine explanation of evidence 

	· Share understanding - Create a poster to present to the class which includes: 

· the question you were trying to answer, 

· the tests you conducted and why, 

· the results you expected,

· the results you actually collected, 

· an explanation of the results, and 

· a statement of the quality of the water samples compared to each other and compared to the water quality standard


	5. Learner justifies their explanations

6. Learner communicates to others


Figures Captions

Figure 1. Essential features of classroom inquiry

Figure 2. Essential features of classroom inquiry:  A learner’s perspective
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Figure 1. Essential features of classroom inquiry

	· Learners are engaged by scientifically oriented questions.

· Learners give priority to evidence, which allows them to develop and evaluate explanations that address scientifically oriented questions.

· Learners formulate explanations from evidence to address scientifically oriented questions.

· Learners evaluate their explanations in light of alternative explanations, particularly those reflecting scientific understanding.

· Learners communicate and justify their proposed explanations.


(NRC 2000, p. 25)

Figure 2. Essential features of classroom inquiry:  A learner’s perspective*

Essential Features of Classroom Inquiry:  A Learner’s Perspective*

Directions: For each essential feature circle one description of practice that best matches the experience or activity that learners are engaged.

	Essential

Feature
	Description of Practices

	1.  Learner engages in scientifically oriented questions. 
	Learner poses a question
	Learner selects among questions, poses new questions
	Learner refines or clarifies question provided by teacher or other materials
	Learner engages in question provided by teacher or other materials

	2. Learner gives priority to evidence in responding to questions
	Learner determines what contributes evidence and collects that data
	Learner directed to collect certain data as evidence
	Learner given data and asked to analyze
	Learner given data and told how to analyze

	3.  Learner formulates an interpretation (explanation) from the evidence
	Learner formulates interpretation (explanation) after summarizing evidence
	Learner guided in process of formulating interpretation (explanation) from evidence
	Learner given possible ways to use evidence to formulate interpretation (explanation)
	Learner provided with interpretation (explanation) of evidence

	4.  Learner connects scientific knowledge to interpretation to refine explanation of evidence 
	Learner independently examines other resources and forms the links to their interpretation and evidence
	Learner directed toward areas and sources of scientific knowledge
	Learner given scientific knowledge and possible connections for explaining evidence 
	Learner uses evidence to verify scientific knowledge

	5. Learner justifies their explanations
	Learner forms reasonable and logical argument
	Learner coached in developing a reasonable and logical argument
	Learner provided guidelines or steps for developing reasonable and logical argument
	Learner not required to develop a reasonable and logical argument

	6. Learner communicates to others
	Learner determines the means for communicating to others
	Learner is coached in developing a means to communicate to others
	Learner provided guidelines for communicating either to others or the teacher only
	Learner not required to develop a means for communicating to others


*Modified from NRC (2000) Inquiry in the National Science Education Standards, p. 29 

Figure 3. Pedagogical perspective on inquiry

Pedagogical Perspective on Inquiry

	Inquiry

Emphasis
	Rating

(Indicate Yes or No; Yes, emphasized; No, not emphasized.  Leave blank if unable to determine.)
	Description of Rating

(Describe the Rationale for the Rating.  What is the evidence to support the rating?)

	Activities investigate and analyze science questions


	
	

	Investigations over extended periods of time


	
	

	Process skills in context


	
	

	Uses multiple process skills--manipulation, cognitive, procedural
	
	

	Uses evidence and strategies for developing or revising explanations
	
	

	Science as argumentation and explanation


	
	

	Communicates scientific explanations


	
	

	Groups of students often analyzing and synthesizing data after defending conclusions
	
	

	Doing more investigations in order to develop understanding, ability, values of inquiry and knowledge of science content
	
	

	Applying the results of experiments to scientific arguments and explanations
	
	

	Managing ideas and information


	
	

	Public communication of student ideas and work


	
	


Figure 4. Downtown Dilemma 

Downtown Dilemma

Urban and Built Environments
A recent letter to the editor of the local paper caught the attention of the city council.  Knowing that your class is involved in environmental studies, the president of the city council gave a copy of the letter to your teacher in the hope that, as a group, you can find out what actually is going on in city.  


Discuss within your group what you think is going on in the city.  What environmental factors do you think may be affecting the trees?  How can you find out?  Locate the specific area on the Terraserver map.  Create a plan to investigate the situation.  Once your teacher approves the group’s plan, you can carry out the investigation.  After you conduct your investigation, you will be able to write a report to the city council sharing what you found and offering suggestions for dealing with the situation.

Figure 5. Conducting site survey of downtown area
[image: image1.jpg]



Downtown Dilemma


What’s going on in this city of ours?  During a recent visit to the downtown area for the 4th of July celebration, I noticed that the trees on the downtown streets aren’t growing the same.  What I mean is that some streets have more trees, some trees are fuller, some trees aren’t even as tall as the others.  This seems strange to me since about ten years ago all of the trees were the same size and each street within 2 blocks of the square had the same number of trees planted along it.  I remember this because I helped plant the trees during the Downtown Beautification Project that coincided with the 100th anniversary of our fine city.  What could have happened to cause such a difference in the trees? Is something in the area causing the problem?  Can anything be done to fix the trees that are there?  Does anyone have any answers?


A Concerned Citizen


Clipped from The Times, 7-6-00














