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Abstract

Conceptual restructuring emerges from children’s experiences in multiple contexts. This paper explores the interactions of school-based science education and informal science education through the lens of conceptual change.  The term cross-contextual learning is introduced to refer to (a) fieldtrips away from the school setting and (b) mobile programming that is implemented in the classroom by informal educators. This paper examines the literature concerning goals that educators from both contexts have for these learning experiences and the literature documenting the curricular practices that surround learners’ cross-contextual experiences. It describes experiences in local settings that evidence the barriers to cross-contextual learning, then elaborates educators’ perspectives concerning two programs that have been selected as exemplars for learning across formal and informal contexts: an environmental science laboratory program and an exhibit design challenge. The literature and experiences in local settings suggest the that opportunities for conceptual change surrounding cross-contextual events are greatly improved when:

1. school-based and informal education practitioners plan learning experiences together; and

2. learning from the informal setting is prefaced, reflected upon, and assessed in the context of the classroom.
The final section of this paper synthesizes the implications for practice and research in the frames of learners’ opportunities for conceptual change, curricular practices that bridge learning across contexts, collaboration across school and informal contexts, and the assessment of cross-contextual learning.  The role of technologies is an important area for inquiry about science learning that bridges formal and informal contexts.

Cross-Contextual Learning:  Redesigning the Interactions of Informal and Formal Contexts for Conceptual Change
Conceptual change is a process that emerges from multiple contexts. Learners intentionally construct and reconstruct knowledge as they interact with the environments and social contexts that surround their learning (Sinatra & Pintrich, 2003; Sinatra, 2005). This project examines the shared and individual goals of school-based science and informal science education.  Building on the complementary goals of these two learning contexts, it explores the frontier of learning design that integrates them in constructive ways. I characterize the cognitive and affective aims that educators have for fieldtrips and similar interactions, and––through the lens of learners’ conceptual change​​––I postulate that intentional alignment of curricula and activities can improve learning outcomes for students. 
The goals of informal science and school-based science overlap but are far from congruent. Both fields place high value on equipping learners to understand and interpret scientific information, generate evidence and explanations, and participate in scientific practices (NRC, 2007). However, practitioners from institutions of informal science education often value choice, engagement, and interest more than objectives-based learning (NRC, 2009), while school-based practitioners typically design instruction so that all students work towards a few focused conceptual aims. Although the goals of informal and formal environments vary, they complement each other in ways that can be mutually helpful. Sites of informal education such as zoos and science centers often have access to experts in a particular domain and ownership of science tools and artifacts that are not often found in classrooms. Teachers have specific standards-based aims for science learning that can be met in highly engaging, interest-heavy materials and programming offered by an institution of informal learning.


Since learning is a process spanning many events, the distinctions of formal and informal learning are problematic (Rennie, 2007).  The descriptors “informal” and “designed environment” are often used to characterize non-school environments that are designed for public learning, such as museums, zoos, aquaria, science centers, and nature centers (NRC, 2009). The large majority of these designed informal environments consider K-12 students a primary audience (Rennie, 2007).  On any occasion that a site of designed informal education interacts with a group of students from a school setting, the boundaries of informal and formal are confounded.  Since this paper specifically examines these interactions, which extend beyond what is commonly called a fieldtrip, it terms these interactions cross-contextual events, to include both (a) class visits to designed, informal environments and (b) school-based programming in which staff from the site of informal learning visit the school site for an instructional presentation or lab. In this paper, learning is framed in the context of students’ restructuring of concepts. The following section provides a theoretical overview of conceptual change theory.
Theoretical Perspective on Concept Development and Conceptual Change

Concepts are cognitive constructs that represent and organize experiences. Humans reorganize concepts over time and modify them based on new understandings.  New concepts form via inference and relationships of new experiences with previous knowledge.  Children and adolescents are continually adding to their understandings about the world around them (Gelman & Kalish, 2008; Vosniadou, 2007). Conceptual change researchers do not have consensus on the organization or grain-size of children’s concepts: some view children’s knowledge as networks of internal theories, while others describe elements of knowledge that can exist somewhat independently (Özdemir & Clark, 2007). Whether connected or discrete, these naïve and intuitive understandings should not be considered obstacles to be overcome by instruction. Instead, they can be naturally generative​––they create a cognitive framework that the student builds upon or restructures (Anderson, 2007; diSessa, 2000; Vosniadou, 2007). 
While children’s associations of experiences are largely generative, they sometimes cause the formation of non-normative concepts that must be subsequently restructured. Because students restructure concepts from existing theories, educators are challenged to find ways to recognize or preempt alternative conceptions so that frameworks are not left uninformed and pieces of knowledge become appropriately connected.  The identification and characterization of alternative theories has been a large research undertaking and has produced a vast body of work (diSessa, in press). 

In their seminal piece on conceptual change, Posner, Strike, Hewson, and Gertzog (1982) describe conceptual change as a rational process in which students compare existing beliefs with new evidence. If inconsistent, students experience cognitive conflict. Cognitive conflict alone does not necessarily lead to restructuring of concepts, but in the right circumstances it can provide enough evidence for students to revise their thinking (Posner, et al., 1982; Vosniadou, 2007). 

In their work in educational psychology, Sinatra and Pintrich (2003) have written about “hot” conceptual change.  This type of conceptual change considers social and affective factors in addition to cognition. This is particularly important for cross-contextual learning because outcomes related to attitude, affect, and social interaction are especially influential aims of designed informal educational environments. Concept building is a process that engages multiple settings and can span long periods of time.  Students’ curricular experiences in and out of the classroom build together to create meaningful learning. Opportunities for concept building and conceptual change are improved when educators from both contexts plan to maximize the development of key concepts through the social and cultural matrix of learning activities. This paper explores strategies and practices that bridge learning across formal and informal contexts and adopts a warmer view of conceptual change that considers attitudinal and social constructs (Sinatra, 2005). The next section reviews literature on the reasons for planning cross-contextual events and research concerning the learning that surrounds these events.
The Role of Designed Informal Science Settings for Classroom Instruction 
There is a large body of research on the learning that takes place during fieldtrips (see NRC, 2009; Orion & Hofstein, 1994; Falk & Balling, 1982; and Griffin & Symington, 1997 for examples). A growing number of researchers are also interested in the learning potential of visits that look like inverse fieldtrips:  an educator from an informal environment visits the classroom to lead the students in activities that they would not otherwise have access to.  These interactions avoid time and expenses associated with fieldtrips but still have many of the advantages of controlled novelty, tools, and expertise.  For research examples of this type of cross-contextual learning, see Phillips, Finkelstein, and Wever-Frerichs, (2007); Joesten and Tellinghuisen (2001); and Franzblau, Derosa, and Phillips (2001).  A central assumption of this paper is that these two types of events have similar characteristics and that research about each can inform our general understanding of the learning that bridges two contexts.
Diverse Agendas for Cross-Context Events

The divergent goals of school settings and the informal free-choice context are compounded with teachers’ varying agendas for cross-context events.  Many agendas and desired outcomes have been listed in relevant literature, including: (a) to complement or enrich the curriculum, (b) to provide a general learning experience that is not connected to the curriculum, (c) to promote lifelong learning, to provide a change of routine, (d) to satisfy school or external expectations, or (e) to serve as a reward or motivational tool (Rennie, 2007; Kisiel, 2005). These varying agendas and goals sometimes create conflict concerning the orientation of student activity.  
Kisiel (2005) has considered the motivations of teachers of upper elementary grades for planning science fieldtrips.  While most teachers (90%) reported cognitive aims for their fieldtrips, 11% planned trips for enjoyment and did not report learning aims.  Kisiel suggests that this set of teachers have done nothing wrong. Perhaps standardized testing and other arduous tasks of the school climate make it reasonable to reward students with a generally educational experience without naming specific cognitive aims (2005).  However, the students can still reflect upon their learning in post-visit activities in order to connect and synthesis it with other knowledge.
In order to be accountable for specific content learning, teachers often resort to a worksheet to orient students’ learning (Kiesel, 2003).  This type of activity, however, often infringes upon the informal settings intentions for free choice and learner interest. Whether on a fieldtrip or during a mobile learning experience, the interaction and relatedness of students’ learning with the class curriculum is centrally important.  The design of curriculum fit is a powerful predictor of students’ opportunities for conceptual change.
Strategies to Promote Conceptual Change

Curriculum fit is one of teachers’ primary considerations in fieldtrip planning. In a survey of 93 teachers in the Vancouver, Canada area, Anderson and Zhang (2003) found that teachers identified curriculum fit as the most important consideration in planning and implementing a fieldtrip. However, the same teachers ranked the value of post-visit activities very low when asked to consider strategies for integrating students’ learning experiences with the classroom curriculum. Only 6.5% of teachers ranking post-visit activities as a determinant factor in the overall success of the field trip (Anderson & Zhang, 2003). 
Curricular practices that bridge the lived experiences of cross-contextual events with theoretical content knowledge are essential to creating opportunities for conceptual change. Teachers and practitioners of the informal setting can promote and advance conceptual change by engaging in shared planning and creating opportunities for pre- and post-visit learning. The level of specificity for learning outcomes must be made explicit. Literature concerning the involvement of the classroom teacher in the development and implementation of cross-contextual events indicates that shared involvement in planning activities results in greater buy-in (NRC, 2009; Griffin & Symington, 1997).  Increased levels of teacher participation make it more plausible for teachers to plan pre- and post-visit activities and to assess student learning.

Ideally, the material that educators want to assess will guide design of activities (Wiggins & McTighe, 2005), so the teacher’s role in the activities during and surrounding cross-contextual learning is filled with design decisions. 
Pre-visit activities.  There are several studies that show increased learning outcomes when the cross-context event is paired with other classroom activities that prepare students before the experience and reinforce learning afterwards. Griffin (1994) and Griffin and Symington (1997) argue that students must “learn to learn” in the informal setting, and supports for this change are needed. Similarly, Orion (1993) included activities to introduce students to the geographical, cognitive, and psychological areas of novelty before a fieldtrip. 
Pre-visit activities to prepare students for the new context are very important because they prepare students for novelty. Novelty can be planned for and is considered an asset to learning. Falk, Martin, and Balling (1978) described the advantages of the novelty in learning environments that children visit on fieldtrips with their classes. They found that novelty generated a need for exploration, and that exploration could be advantageous in the learning process, rather than a deterrent.  This early piece of work in the field of informal science described the new experience as “a dialogue” between the learner and her environment that “should be understood and capitalized upon” (p. 133).  This important early work set the stage for empirical inquiry into the advantages of fieldtrips for a diversity of learners. 
Griffin and Symington (1997) suggest student-created questions as a means to orient students on learning aims throughout the learning experience.  These questions can be created in the classroom and used during the fieldtrip or mobile learning lab.  This creates a way for the learner to reflect upon what they already know about a given topic, anticipate areas or concepts that they want to know more about, and the act on those inquiries in the novel environment. 

Post-visit activities and assessments. Assessment in informal contexts has a long history of difficulty because visitors to an informal setting have a diverse range of experiences in the environment that they learn from (NRC, 2009).  However, focused design of a cross-contextual event makes assessment a reasonable aim. Educators can assess students’ knowledge of the narrower learning outcomes that the event was designed to address. 

The best assessments promote student learning. Grant Wiggins (1998) explains that the aim of assessment should be “to educate and improve student performance, not merely audit it” (Pellegrino, Chudowsky, and Glaser, 2001, p. 221). Both planned formative assessments and interactive formative assessment have significant applications to the learning outcomes of students in cross-contextual experiences. Planned formative assessments, such as performance and project-based assessments, are fertile ground for authentic evaluation of student’s practices and knowledge of science (Bell, 2007). Interactive formative assessment arises within learning activities; it refers to educators’ awareness of student understanding based on talk and actions (Bell, 2007). Formative assessments are especially appropriate for cross-contextual learning because they allow the learner to reflect on, apply, and even revise their thinking in iterative steps.
Students’ cross-contextual experiences often include phenomena that have potential to cause significant conceptual restructuring (Anderson, Lucas, Ginns, & Dierkling, 2000).  Therefore, it is pedagogically appropriate to continue and assess and guide this restructuring in post-visit activities. Anderson, et al. (2000), found that the phenomena-rich environment of science centers can support alternate conceptions, but that post-visit instruction brought students to canonical understandings about electricity and magnetism. They investigated how 11- and 12-year-old students construct knowledge about electricity and magnetism before, after, and following implementation of a post-fieldtrip lesson. The students constructed concept maps and interviews before the visit, one day after the visit, and following a series of two post-visit activities.  The first post-visit activity involved students selecting target exhibits that they found interesting, describing how they interacted with the exhibit, and making conjectures about how the exhibit worked. The second post-visit activity called for open-ended experimentation with materials that were similar to those students worked with at the exhibits. The researchers found that students needed the in-class experiences to help the process their learning from the novel environment, and that their alternative conceptions were accommodated in post-visit experimentation and instruction.

A Framework for the Integration of Contexts
Griffin and Symington (1997) propose a framework for learning that integrates informal and formal contexts. I’ve condensed and adapted this framework for conceptual restructuring in the activities surrounding cross-contextual leaning and added new recommendations regarding shared planning and sociocultural factors that affect conceptual change.
· The cross-context learning is integrated with the scope and sequence of the classroom learning trajectories.

· Practitioners from both contexts discuss learning expectations for the event and are aware of the broader learning sequence.
· Students orient and reflect upon their learning by creating questions to investigate and revise or answer during and after the cross-contextual experience. Learning is incorporated through projects or performance-based assessments.
· Educators recognize that students’ conceptual change is socially and culturally situated. They plan supports for social interactions within group members and students’ adaptation to a novel learning setting. 
Experiences in the Field

In order to gather personal experience of the interaction of these two contexts in the Nashville area, I designed a fieldwork experience for which I worked one or more days each week at Warner Park Nature Center (WPNC, hereafter) or the Nashville Zoo at Grasmere. The activities involved in this experience included observation and participation in fieldtrip programming (WPNC) and the completion a curriculum alignment project to realign school group programming offerings with the current Tennessee Content Standards (Nashville Zoo).  While I am an advocate for the programs and classes that I observed, I take a critical stance in this paper in order to focus on progress. I observed many local examples of what is well documented in the literature: (a) Lack of pre-visit introduction to either the topics or field-trip site (NRC, 2009; Orion & Hofstein, 1994; Griffin 1994); (b) little or no communication or shared planning between classroom teachers and the informal education practitioner (NRC, 2009, Griffin and Symington, 2007); and (c) limited use of resources to incorporate the topics learned into post-activities in the classroom (NRC, 2009).  Examples of each are noted in Appendix A. Instead of focusing on the limitations to conceptual change, the aim of this section is to examine two programs that are models of progress.  The two programs highlighted here have been selected based on the similarities to the framework for cross-contextual learning (p. 10-11). 

This section will describe the goals, structure, and activities that these model programs implement to bridge classroom content with the experiences at the informal site. One way to advance pedagogical knowledge surrounding cross-contextual events is through the analysis of practices that seem to be working. The following vignettes are examples of immersive, cross-contextual programs that can be considered examples of what works to blend the goals and concerns of these to fields for the ultimate improvement of conceptual understanding.
Warner Parks Nature Center: Advanced Placement Environmental Science Laboratories

The Advanced Placement Environment Science Laboratories (hereafter referred to as APES Labs) offer an immersive cross-contextual environment.  For the academic year, one Warner Parks naturalist pairs with the classroom teacher of one AP Environment Science Class.  The naturalist and the teacher co-plan the sequence of labs so that it fits both the classroom sequence and the seasonal appropriateness of study in the field.  The classroom teacher and the naturalist co-teach the labs, with the naturalist serving as the primary leader in the field and the teacher continually relating learning to material covered in class.  After the lab, students may be quizzed (C. Desai, personal communication, February 7, 2011) or participate in class discussions that connect theory to concrete field experiences. The topics of the labs are also included in the cumulative AP Environmental Science exam (B. Allen, personal communication, February 7, 2011). I interviewed environmental science teachers and several naturalists in order to gain targeted information about their practices in cross-contextual learning. The complete transcriptions for the two interviews discussed here are located in the Appendixes B and C. 
Both teachers reported multiple reasons for their lab visits to Warner Parks.  Table 1 provides a summary of the goals, which have been categorized in three groups: (a) cognitive aims, (b) fulfillment of laboratory requirement, and (c) affective and attitudinal constructs.  Both teachers listed cognitive advantages of the field trips, and they both described how the theoretical material that is presented in the classroom is made concrete in physical experiences outdoors at the nature center. Their aims were not just related to cognitive factors or a rational basis for conceptual change. Both also reported that promoting students’ appreciation of nature was a primary goal. Barbara Allen described her affective goals in the following words: “I find that most…. students have never taken the time to allow the outdoors to calm them, teach them and amaze them.  Seeing the transformation when they allow outdoor education to do that is pretty incredible” (B. Allen, personal communication, February 7, 2011).
	Table 1

AP Environmental Science Teachers’ Motivations for Field Experiences at Warner Parks


	
	Desai
	Allen

	Cognitive aims


	Student have concrete experiences to connect with the theoretical concepts


	Students “do” and “see” instead of reading

Students remember more if knowledge has been applied WPNC 

Students who are low-performing in the classroom do very well in the class because of the lab

	Fulfills need for laboratory work
	The field investigations fill an external requirement for labs, so that there is more time for theory in the classroom.
	

	Affective and attitudinal constructs
	Promotes connection with environment
	Promotes love the outdoors, which may invoke values for conservation



	
	
	



The APES labs at Warner Parks are exemplary because the teachers involved consider both cognitive and affective contributions of the laboratories.  The teachers and the naturalists participate in ongoing shared planning with a naturalist a WPNC, and the students integrate their learning from the classroom with learning in the field in a variety of activities, including discussions and written assessments.
McWane Science Center: Celebrate Science Exhibit Design Challenge
Celebrate Science Exhibit Design Challenge is a year-long program for elementary students. Classes that participate come to the science center for visits at the beginning and near the end of the academic year. They complete a class-wide exhibit design project in the context of their classroom with guidance and support from their teacher and the educators at science center.  I interviewed Kathy Fournier and Sam Kindervater, who are in the fifth year of the project.  In the fall, students attend McWane Science Center for an initial visit, where they explore the exhibit halls and have a class about modeling scientific phenomena from the perspective of an exhibit designer. In the coming weeks, the goal for each classroom is that the students and teacher identify a phenomenon in the natural or physical world that they will model. Then the students create a prototype model of the phenomenon for visitors to interact with as a temporary or permanent exhibit. The program recruits 20 third, fourth, and fifth grade classrooms each year. Classes receive funding for one visit in September or October, a stipend for materials, and a visit near the end of the academic year. Educators from the museum travel to the schools at least one time during the year to offer support in the students’ design. During the first three years, the winning prototypes were built into full-scale temporary or permanent exhibits, but currently the projects are made into refined prototypes instead of full-scale exhibits (K. Fournier & S. Kindervater, personal communication, February 11, 2011).

The Celebrate Science project is exemplary because it incorporates a long-term modeling project that is supported both in students’ visits to the science center and their interactions with the science center while they are at school. Educators of the science center plan activities to help students adapt to the science center as a novel setting and plan supports for social interactions among group members as they choose a phenomenon they want to model and make design decisions.  Teachers are encouraged to guide students in connecting the learning from their exhibit design to concepts that are central to the prescribed curriculum, and most find meaningful connections to their local standards (K. Fournier & S. Kindervater, personal communication, February 11, 2011).
Implications for Practice

This paper has examined the interactions of designed sites of informal science education with students and teachers. Sites of informal science education are powerful resources for K-12 instruction. The existing body of research on the interactions of formal and informal contexts has implications educators and researchers of both contexts.  This section synthesizes implications for practice and possible research directives. These implications are organized around four areas: opportunities for conceptual change, curricular practices that bridge learning across contexts, collaboration across school and informal contexts, and the assessment of cross-contextual learning.

Learners’ Opportunities for Conceptual Change
Students learn more deeply when they are personally engaged in authentic scientific practices in contexts and activities that are individually meaningful. Often, a field trip experience or informal education program that takes place in the classroom can provide an authentic experience that would not be accessible without resources from the informal education site. While conceptual change is a rational process (Posner, et al., 1982), affect and motivational factors are important supporters of conceptual change (Sinatra, 2005; Sinatra & Pintrich, 2003). The goals of informal learning environments, including values for student interests, are often especially influential. Since concept-building and conceptual change are best supported when students reflect upon their understanding and discuss new and knowledge with their peers (Sinatra, 2005), informal learning environments are powerful resources to classroom instruction.

Implications for Curricular Practices 

In order for cross-contextual learning to be optimized for conceptual change, it is essential that it be integrated with the scope and sequence of the classroom learning trajectories.  In this way, learning from the informal setting is prefaced, reflected upon, and assessed in the context of the classroom.  The design of educational programs that bridge contexts is an important direction for future research in education and the learning sciences.  The role of technologies as forms of mobile learning is also a rich area for cross-contextual learning.  Learning technologies have been outside the scope of this paper, but offer incredible frontiers for pre- and post-event learning.
School visits and even on-site informal programs typically involve demonstrations and hands-on experiments as primary instructional strategies. These curricular strategies often exclude important practices of science, such as representation, modeling, and argument that make experiments meaningful (Lehrer, Schauble, & Petrosino, 2001). Informal education practitioners can consider the practices of science in the development of scientific and mathematical reasoning to go beyond the “demonstrate and experiment” paradigm that is prevalent in informal learning. Cross-contextual programs that emphasize the practices of science are an important directive for future research.  The correspondence of students’ development of science practices with their conceptual change is also a rich area that can be studied in cross-contextual learning programs.
Implications for the Formal and Informal Contexts  
The fields of informal and formal science education have both overlapping and divergent goals. The most critical implication for programs that operate in conjunction with one another is that they understand their goals and involve each other in the design and implementation of programs in which they will interact. It is essential that practitioners from both contexts discuss learning expectations for any planned event and are aware of the broader learning sequence present in the classroom. The planning meetings shared by environmental science teachers and the naturalists of Warner Parks are an excellent example of authentic collaboration of two contexts. Because expectations for outcomes and curricular priorities were made transparent, educators from both contexts were able to maximize their effect.  
Learning technologies offer time saving collaborative tools that can improve communication and shared planning between classroom teachers and other practitioners.  Resources for reducing novelty and post-visit labs and discussions can also be facilitated through digital media. Again, the role of learning technology in supporting cross-contextual learning is a promising direction for research.  How can digital media making collaboration an attainable goal?  What cognitive tools can be available to teachers, and how can they be used in pre- and post-visit material?
Implications for Assessment
Teachers and other school stakeholders value programming that directly correlates with the standards they are accountable for.  This is the climate of American public education, but it does not diminish the promise of effective informal programs working in conjunction with schools. The types of collaborations discussed above involve immersive learning experiences that bridge the classroom and informal learning contexts. However, little work is addressed here that specifically looks at the learning outcomes of such collaborations. Assessment in informal science has a long history of difficulty (NRC, 2009), but formative, project-based assessment is promising for cross-contextual learning and can be complementary to state and national standards.  The development and implementation of assessments is an important goal that can inform not only curricular practices, but also policies to support cross-contextual learning.
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Appendix A

Local Examples of Limitations of Cross-Contextual Learning Events

(a) Lack of pre-visit introduction to either the topics or field-trip site (NRC, 2009; Orion & Hofstein, 1994; Griffin 1994). I observed that students often have not been involved in any pre-event preparation for programs to prepare them for a different context for learning or a classroom-based introduction to the topic. In fact, even the teachers sometimes do not remember the topic of program they chose while on the phone until the naturalist who is presenting reminds them. (H. Gallagher, personal communication, September 22, 2010).  Upon informal interviews with teachers, I found that most did not plan to participate in post-visit activities that intentionally extend the knowledge that students gained on these experiences. For both the school programs at the zoo and the programs at WPNC, most programs are selected from a menu of topics and descriptions offered for each grade level.
(b) Little or no communication or shared planning between classroom teachers and the informal education practitioner (NRC, 2009, Griffin and Symington, 2007). When scheduling a trip, teachers typically speak with someone other than the educator who they will interact with on the day of the trip or program in their classroom.
(c) Limited use of resources that incorporate the topics learned into post-activities in the classroom (NRC, 2009). Both setting have some type of resource for teachers, but the resources are not frequently used. WPNC provides educator boxes that can be checked out at any time and have materials closely related to those addressed on the field trip, but I did not see any evidence of their use.  The Nashville Zoo maintains a short list of resources in the education section of its website, but these have little relationship with the content standards of the existing school-group programming (Nashville Zoo at Grasmere, 2011).
Appendix B
Correspondence with Barbara Allen

Amy: What are the primary reasons that you participate in the programming at the informal site?  Feel free to consider cognitive, motivational, and/or affective goals, as well as any others that are particularly important to you.

Barbara: The primary reasons that I participate in the outdoor education is because that is what sets this class apart from all other classes. The students actually get to "do" and "see" instead of just reading about concepts. They definitely remember more after applying what we have learned in the classroom (ex: air pollution indicators and our lichens lab). This is such a change from their normal hectic, high-pressure routine at Hume-Fogg, I want them to experience the intrinsic value of nature and hope to start a love of the outdoors for the rest of their lives. You will only protect what you love so that is an important message for this class. 

A:  What types of post-lab activities to you use to reinforce or apply learning after a field trip? Does this take the form of a discussion or other activity?  How is student learning from the lab assessed?

B:  Post-lab activities are class discussions, labs at Hume-Fogg that tie in to what we have done at Warner Parks. I have thought of testing them over what we learn at WPNC but that will change with each year's class. If they are attentive and I can tell they are learning, I do not want them to be learning for a test.  I love to see them to love learning for learning's sake! Most material covered at WP is also covered in different topics in the text and will be covered on the AP Exam. I find that most the other students have never taken the time to allow the outdoors to calm them, teach them and amaze them.  Seeing the transformation when they allow outdoor education to do that is pretty incredible. 

The staff at Warner Parks is wonderful and has, over the years, worked with me, to incorporate many of the topics covered by the AP curriculum into the labs we cover at the park. It's such a win-win situation for everyone. Wish I could take all of my classes there once a week!

B:  One more point that I didn't include earlier is the amazing way this course pulls the sometimes "not so successful" students in the typical lecture classes into this course and they thrive.  I have students that fail all or some of their other courses but pass this one because of the passion they develop for the environment. With the labs both at HFA and in the outdoors, they see a different type of "education." I also take them to Tremont in the Smoky Mtns. For a weekend in the fall and that really helps them develop an appreciation for this amazing world!

Appendix C
Transcription of Interview with Dr. Chand Desai

A: …I realized that you go places other than Warner Park Nature Center, but thinking specifically about WPNC, what are the primary reasons that you participate in field programming?  What are your goals?

D: Well, the goals are… there’s a bunch of them.  One is to get them a concrete physical experience with some of the concepts that they are thinking about… so that it’s not so theoretical.  One of the best examples of that is when we do the water quality lab, and you can do water quality in a classroom with chemical tests, but the kind of tests that are routinely available to high schools are pretty insensitive, and even though they use some of those same tests in the field at Warner Parks, they also have the invertebrate component, where you can also look at macro-invertebrates to see what the water quality is, and have the students actually out in the water catching these things, so that’s kind of neat.

So there’s that connection with reality, and it cannot always be duplicated, even in the laboratory, a lab experiment in the classroom. Um, the other part, um, the more mundane part is that the AP course requires a significant lab component, and were I to spend all that time in class to do labs, I wouldn’t have enough time to cover the theoretical material.  So I use this sort of extracurricular time as a lab component to boost the amount of time I do labs with my students. But, even if that weren’t required, I like to take them out because not only does it give them that experience, but it also gives them a connection to nature, which I think is really crucial to actually care about the topic. 

A:  Tell me a little bit about what type of shared planning and Kim Bailey did.  What does it look like when you outline the sequence of your labs?
D:  I try to align it to some extent with what we are talking about in class, because if there is absolutely no theory, then it’s like out of the blue, and it’s harder for them to connect it to things that they already know.  So, um, but apposing that is the time and the place seasonally for the labs, because you don’t want to be in the water in the winter, even if that’s when you are doing water quality. So there’s a trade off there.  And you know, the birds come when they come and the amphibians mate when they mate, so you are sort of forced at some point to do the labs at a certain period of time, and then you are not necessarily tied in directly to the curriculum that you have based on the textbooks or your thinking of how the stuff should be delivered. So there’s that. But in the event that we do something a little out of sequence, Kim and I have a number of materials that we try to do with the students’ pre-lab type information, just to give them some background about the topics that we are going to be thinking about.

A:  It sounds like a lot of those resources are developed collaboratively (D affirms) So, you and Kim think about those together, and then you might use those pre or post-lab. Correct?

D:  Yeah, and after we do some of the ones, we do them next year, or sometimes we modify them.  And one example is that this year we did watershed mapping, I think it might have been the second time we’ve done that.  And what you are supposed to do is, uh, We started, and pretty much Kim collaborates a lot with the other [naturalists] and talks with them about what they do in their labs with other high schools and sometimes we adopt those [as they are] and other times make them our own. And for this one, we started out in the classroom and we looked at topo maps and figured out what they meant and did some stuff with Play-dough (laughs) and then we went and hiked out to a little hill, which was a watershed boundary, and I think that next year it would be much better, maybe not much better, but I want to try it where we hike first and walk a little along the ridge line so follow the watershed boundary [so that] they can get a little bit more of that first, and then come to the maps. But you, know, it’s stuff like that.

A:  What does assessment look like for you?  Do students write lab reports or do you incorporate material from the field into your classroom assessment? 

D:  Yeah, I do give a quiz the day after.  It’s usually five to ten questions about what we learned the day before.  And that’s it.  I don’t make them do lab write-ups for it.  

A: Is there anything else that you would like to tell me out the relationship with what I’m calling informal science with classroom-based science…(interrupted) 

D:  Well, one other thing that I, probably a major component that you haven’t asked me about is that every two weeks, my students present a topic to their peers.  They make a five – ten minute PowerPoint or poster presentation––has to have visuals, on the topic in a general theme that is aligned to the curriculum that I tell them, and then they can choose their own topic within that.  Or, they can take a topic from a suite of selections that I also provide because are just unable to think of anything.  So I don’t mean to guide them, but I just have a bunch of stuff that they can choose from if they want to go that route.

So I think that’s really important because they present and then they have to answer some questions at the end and they have to do their own research, you know, pretty much, it’s what you might call informal science because they don’t do any peer review and they don’t do any research.  Pretty much it’s not… its what you might call.. I don’t know how you put it exactly... informal science… because they don’t do any peer review, they don’t do any experiments.  It’s pretty much internet-research based, looking at news articles and often having Wikipedia in there somewhere.  But then they have to internalize it to the level that they can repeat it to their peers who don’t know anything about it and make it understandable.

