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(1) Title of Grant

Making ‘hands-on’ science ‘minds-on’ science:  connecting farms, habitats, classrooms and communities


(2) UC Davis Collaborator(s) and K-12 Collaborator(s)

K-12 Collaborators:  Designed and developed writing prompts and scoring rubrics, implemented new classroom activities and writing prompts in own classrooms, made observations about student engagement in the classroom during writing activities, analyzed writing responses using scoring rubrics, attended SLEWS field days, collaborated on interpretations of quantitative data at workshops.

Jerry Delsol, Science and agriculture teacher, Woodland High School, Woodland, CA

Mary Elizabeth, Science teacher, Grant Union High School, Sacramento, CA

Mark McKay, Science teacher, Delta Vista High School, Stockton, CA

Center for Land-Based Learning Collaborators:  Designed and developed writing prompts and scoring rubrics, made observations about student engagement during field days, analyzed writing responses using scoring rubrics, coordinated and implemented SLEWS field days, interviewed teacher collaborators, collaborated on interpretations of quantitative data at workshops.

Mary Kimball, Director

Nina Suzuki, SLEWS program director

Karen Swan, FARMS program coordinator

Neal Thayer, SLEWS program coordinator, Sacramento Valley region

Shana Welles, SLEWS and FARMS coordinator, San Joaquin Valley region

University of California, Davis Collaborators:  Coordinated meetings and workshops, designed and developed writing prompts and scoring rubrics, interviewed students and Center for Land-Based Learning collaborators, made observations about student engagement during field days and classroom sessions, analyzed writing prompt responses using scoring rubrics, conducted statistical analysis of quantitative data and presented at collaborative workshops, conducted qualitative analysis of writing prompt responses and interviews.

Heidi Ballard, Assistant Professor, School of Education

Erin Hardie, Graduate Student, School of Education 


(3) School Participation


Our study focuses on a sub-set of the students and teachers who participate in the SLEWS program (Student Landowner Education and Watershed Stewardship), an experiential environmental education program emphasizing watershed restoration on working farms and ranches throughout California.  This study included three participating SLEWS high school science classes, one from each of three high schools, throughout the 2008-2009 school year.  Woodland High school is a suburban school in Yolo County.  Grant High School is a Title 9 urban school in eastern Sacramento, Sacramento County.  Delta Vista High School is an urban charter school in Stockton, San Joaquin County.  We intentionally included three teachers and schools from very different contexts to attempt to represent both the wide diversity of youth and schools in the Central Valley, and the wide diversity of types of schools that the SLEWS program reaches.

(4) Research Question(s)


This study aims to provide insights about how Environmental Education (EE) programs can achieve a balance between direct, outdoor experiences and opportunities for learning more abstract, scientific concepts and processes in a way that leads learners to genuine science understanding and meaning regarding environmental stewardship.  


Using empirical data gathered from student work, interviews and field observations, we asked: 

· How does the integration of formal in-class instruction, coupled with hands-on participation in SLEWS field days, contribute to student understanding of ecological concepts and engagement in the learning process? 


(5) Research Design 

Description of Student Participants
Students from three public high-school science classes (one biology, two environmental science) participated in this study during the 2008-2009 school year. Approximately 60 students participated in one or more field days throughout the year.  While the restoration sites differed across the three schools, the field day activities were closely aligned.  

Grant High, an urban school in the Sacramento Valley, is the most diverse of the three schools, reporting an ethnic breakdown of  27% African American, 29% Latino, 26% Asian or Pacific Islander, 8% white and the remaining “mixed ethnicity”.  According to school statistics, 99% of students are “economically disadvantaged” and 36% are English learners.  Delta Vista High School, located in an urban area of the San Joaquin Valley, reports that the ethnic composition of their student body is 9% African American, 10% Asian, 33% Hispanic/Latino, and 49% white.  The percentage of socio-economically disadvantaged students is 20%.  Suburban Woodland High School in Yolo county reports an ethnic composition of 52% Latino, 41 % white, 4%Asian, 2% African American, and 2%“other”.  The participating student groups in SLEWS reflected ethnic breakdowns similar to their school communities.  The gender breakdown within Woodland and Delta Vista high schools was even; Grant high, however, regularly had approximately 3 boys and 17 girls participating in SLEWS field days.  
Study Design:  Writing as a window into student thinking
In order to gather information to answer our question, we used writing prompts before and after each field day to elicit student thinking, observed student engagement in the classroom and during field days, and interviewed students, teachers and SLEWS staff about their experiences. Teachers, SLEWS educators and UCD researchers co-developed the writing prompts and analyzed the student writing using a rubric that focused on science content knowledge, use of examples and evidence, stewardship attitudes and values, and writing quality.
During the first workshop, SASP coordinator Arthur Beauchamp described the approach to writing called the Communication Triangle, which helped frame the development of writing prompts for the collaborating science teachers and SLEWS educators who did not have experience developing authentic writing prompts for science classrooms.  This approach helped us develop both a tool for teaching by making writing more meaningful, but also a better tool for assessing student understanding and attitudes by eliciting responses that were more likely to reveal student thinking in science class.  

By making sure a prompt had clear instructions for each of the three points, Form, Writer, and Reader (Audience), we provided students with a more engaging and thought-provoking way to express what they know and think.  The Form could be a letter, an email, a news article, an advertisement, a policy proposal; the Writer is the voice from which a student writes: as themselves, in the role of a scientist, in the role of a farmer, in the role of a news reporter; the Reader is the audience for the writing: a friend, the landowner, an ecologist, a city council member.  Writing prompts with these three components emphasized applying knowledge and understanding to real-world problems and situations, and there is not necessarily one “right” answer.  Prompts may be argumentative/persuasive or explanatory/descriptive. 

We developed five different writing prompts that apply the three points of the Communication Triangle, as well as rich resources about ecological restoration and farmlands in the Central Valley (Appendices A, C, and D). We included graphic organizers that students could use to structure their thinking and discuss their ideas with teachers and/or their peers.  We also provided background data (charts, graphs, video, photographs, readings, etc.) to supplement what students learn about the topic during their SLEWS field day (See a summary of the goals and content areas of the five writing prompts in Appendix A).  

(6) Data Collection
Student writing samples

Students completed writing prompts before and after each of their five SLEWS field days. Teachers administered the prompts no more than three days prior to or following their field day. The prompts related directly to the field day activities and were created jointly by SLEWS staff, teachers and UCD researchers. Students worked in small groups to complete graphic organizers before writing individual responses.  While we initially planned that the pre- and post-field day prompts would be identical, it was evident after the first field day that students were not motivated to re-write the identical essay following their field day. So, we altered the audience and format slightly for the post-field day prompt. While the content and inquiry focus was identical, students after the field day wrote their letter (or email or newspaper article) for a different audience and in a different format (See Appendix C and D for sample Writing Prompts).  While this had minor implications during the rubric scoring (see below), as a curricular activity it was much more agreeable for students. 

Classroom and field day observations

In order to measure student engagement in the writing prompt and field day activities we made observations of student behavior both in the classroom and during the field days.  Teachers made observations about student conversations and rated student engagement on a scale of 1-5 for each pre and post writing prompt activity.  UCD researchers made observations and took field notes of student behavior and engagement during the field days.  

Student, Teacher and SLEWS staff interviews

In order to better understand students’ perceptions and experiences, we interviewed approximately half of the students from each class about their experience doing the writing prompt activities and participating in SLEWS field days.  During the final workshop, SLEWS staff interviewed teachers about their experience combining classroom writing activities with the SLEWS field days.  UCD researchers interviewed SLEWS staff about their observations related to student and teacher engagement as well as how their own practice on the field day was influenced by the in-class writing activities.  

(7) Data Analysis 

Student writing samples

The student writing was our main source of data for analysis.  We analyzed student writing samples both quantitatively using a rubric and qualitatively examining selected writing samples during three half-day scoring workshops.  SLEWS staff, teachers and UCD researchers co-created a rubric with the following categories: content, evidence/examples, stewardship and readability (Appendix B). The Content rubric category refers to students’ understanding of the main scientific concept explored during each field day.  Both SLEWS staff and teachers determined what the conceptual emphasis for each writing prompt would be based on field day activities and CA state science standards.  Appendix A illustrates the concepts and standards for each field day; this collaboratively produced document guided development of the writing prompts and rubric scoring for the Content category.  Our second rubric category, Evidence/Examples, refers to students’ ability to support their assertions or ideas with specific evidence and examples both from classroom and field day experiences.  We devised the Stewardship category to capture student expressions of ownership, commitment, and enthusiasm for their SLEWS project and the environment in general.  While this was a somewhat subjective category to score, none of the prompts specifically asked students to document their opinions or emotions related to their project; therefore, we took their unsolicited expressions of ownership, enthusiasm and connection to broader environmental issues as evidence of stewardship. Finally, in an effort to try to separate a students’ understanding of scientific concepts, use of evidence/examples, and stewardship attitudes from their ability to express this knowledge and understanding in writing, we created a category of Readability.  Many of the students in our study were English language learners who have difficulty expressing their ideas in written language; the Readability category gave us the opportunity to note a students’ facility with language without it necessarily affecting their score on other rubric categories.
At the beginning of each scoring session, graders calibrated their scores with one another and modified the generic rubric as needed for each field day prompt.  We removed names from papers and randomly divided the papers between scorers.  Two scorers evaluated each anonymous paper on a scale of 1-4 for each of the rubric categories. Student scores for each of the rubric categories were generated by averaging the 2 scores.  We generated mean scores for each school for each field day for each of the four rubric elements.  We detected significant differences between pre- and post-writing samples using paired T-tests. 

We further examined patterns that emerged from the rubric scoring results in a qualitative way by examining individual student work in greater depth across field days.  We examined these patterns and changes over time in student understanding by randomly selecting student writing samples from a group who had completed both pre and post writing prompts for 4 or more field days. 

Classroom and field day observations

Teacher observations, SLEWS staff observations, and UCD collaborators’ observations were compiled and compared during the workshops to identify trends and used to corroborate or contradict patterns in the student writing responses.
Student, Teacher and SLEWS staff interviews

Interviews with students were primarily used to identify interesting lines of inquiry in the student writing responses, and to corroborate or contradict patterns in the written responses.  Interviews with teachers and SLEWS staff were analyzed to identify impacts that the project may have had on teaching practices, recommendations for use of the writing prompts and activities for other teachers, and to elicit reflections on the collaborative research process.  
(8) Results
Science conceptual understanding in relation to reflection and writing

Our main objective in analyzing the rubric scores of student writing responses was to detect a change in student understanding of environmental science and scientific process from pre- to post-field day, and over the course of the school year with five sets of combined writing prompts and field days implemented.  We saw little evidence of improved conceptual understanding from pre to post-field day responses, with only two sets of prompts from Grant High School showing significant changes in the paired t-tests with a p-value of <0.15 (Fig. 1).  These two instances were the first two field days for Grant High School covering the main concepts of principles of habitat restoration and biodiversity.  However, two of the three schools, Grant and Woodland High Schools, showed a steady increase in mean rubric scores from Field Day 1 to 5 over the course of the study, which may indicate that a repeated and sustained use of the combined writing prompts and field day experiences results in improved understanding of science concepts.


Figure 1.  Mean pre and post rubric scores and results of paired t-tests for conceptual understanding by school

	Field Day
	Main Concept
	Woodland
	Grant
	Delta Vista

	
	
	Pre
	Post
	n*
	p-value
	Pre
	Post
	n*
	p-value
	Pre
	Post
	n*
	p-value

	1
	Habitat restoration


	2.3
	2.3
	15
	0.84
	1.6
	1.9
	12
	0.14*
	2.6
	2.6
	8
	1.0

	2
	Biodiversity


	2.4
	2.7
	11
	0.17
	1.8
	2.2
	15
	0.11*
	3.1
	2.6
	7
	0.64

	3
	Plant reproduction and pollinators

	2.5
	2.7
	11
	0.67
	2.0
	2.0
	12
	0.84
	2.2
	2.0
	3
	0.42

	4
	Competition for resources


	3.2
	3.4
	11
	0.59
	2.1
	2.6
	14
	0.21
	2.6
	2.9
	7
	0.33

	5
	Scientific process and data collection 
	3.5
	3.6
	10
	0.55
	2.5
	2.8
	14
	0.38
	2.8
	2.8
	6
	0.68


*n = number of students completing both a pre and post field day writing sample

*p<.15
To illustrate an example of a change in conceptual understanding detected by the rubric scoring, we provide an example from a student at Grant High School.  This student demonstrates an incomplete understanding of pollinators and their purpose in the Pre-Field Day 3 writing prompt response (Concept rubric score of 2):  

“When the bees on the flower it drops some liquid onto the flower which provides a better seed for a better fruit or vegetable. Improving habitat for pollinators will improve agricultural production because it would make the plants be alive and look better. Improving biodiversity on their farm might benefit farmers because it helps the farmer to have a better environmental.” 

However this same student’s Post Field Day 3 response demonstrates more complete understanding of how biodiversity and pollinators can be beneficial for agriculture  (Concept rubric score of 3): 

“What I’ve been doing with SLEWS at our restoration site is planting native plants…One of the reason why I believe you need native plants on your farm is because it will not only help you but it also help pollinators. As pollinators stop on each flower he/she leaves a pollen which help makes the seeds for the fruit/vegetable. Improving biodiversity on your farm will benefit you and the environment. It would help to connect habitats for pollinators and other wildlife.”
As with any quantitative analysis, it is important to evaluate whether in fact there was not a change in students understanding of the concepts due to the combination of field day experiences and in-class writing activities, or if instead the measures we used were simply not able to detect a change.  The design and scoring of the rubric, as a collaborative process with 8-10 people, using the method of scoring every paper twice and averaging between scorers, may have diluted the differences.  Additionally, the team of teachers and educators had never scored student writing using a rubric before, such that discerning between a 3 and a 4 for “use of evidence and examples” was quite difficult, for example.  Furthermore, there was a real problem with attrition for all schools during the project, because students participated sporadically throughout the year in both the field days and the pre- and post-writing activity days.  For each field day, we only applied the paired t-test for students who completed both the pre-and the post-field day writing prompts and participated in the field day.  This greatly reduced the number of students whose work we could analyze quantitatively.  

Despite the less than iron-clad evidence for changes in student conceptual understanding due to the combination of field day experiences and in-class writing activities in the rubric scores, we did find qualitative evidence for these changes through observations made by the teachers and SLEWS educators on the team, who commented and reflected in workshops and formal interviews on what they saw regarding changes in students’ science concept understanding.  One teacher collaborator explained how experiences in SLEWS were connected to the science content:

“If you talk to the students they could recall what they’ve done and why they did it, but it’s something they are able to keep for the whole year. It’s not like, right now part of their standard is on immunity and HIV…I’m having to review how are those proteins made and it’s hard for them to recall the science content because they don’t really have an experience with it. But when we’re talking about what we did with SLEWS, they have the experience so they’re readily able to remember what they did and why they did it.”
Another teacher collaborator helped to explain why the rubric scoring might not have detected the changes he saw in student understanding:

“I think one of the things that’s not showing up (in the statistical evidence) is the content – the rubric is more broad-based and general and when they’re coming into that they already have a basic understanding of these concepts.  So sometimes it looks like they’re going backwards but they’ve already visited these concepts in the first prompt so they don’t necessarily go back and do it again.”
The SLEWS educators also saw evidence of students’ improved understanding of science concepts due to the combined use of the in-class science writing prompts and field day activities.  One SLEWS educator observed:

“The schools that did CRESS had a better understanding of the concepts we were covering during the field day – so there was more of a complete understanding.  That was pretty clear on the field days. That’s been a goal of the program is to have the teachers prepare their students for the field day before they happen – that’s been a challenge as long as I’ve been around. The CRESS project helped make that happen.” 

Finally, a conversation during an interview between a SLEWS educator and a teacher about their own observations elucidates the effect that the combined in-class writing prompts and field day activities on student science concept understanding:

SLEWS coordinator: “I struggle with emphasizing content in an outdoor setting.  You have to give a certain amount of background knowledge for them to understand the concept but if we don’t have some level of content discussion then it’s just about planting and work as opposed to really understanding.”

Teacher replies: “That’s why the writing prompts work – because it guides the content for the day. They get it before, during and in the post – that’s where content to me is really lifted up – it’s in the writing prompts.”
Student interviews during the field days also provided evidence that students felt their conceptual understanding improved due to the combination of the writing activities and the field day experiences.  For example, a student pointed out the ways that writing and reflecting improved his understanding:

“I think they're (the prompts) helpful because you get to put together a paper about something you don't really know about and you're not really graded on it - and it's fun because, I learn a little bit before I come out and then when I do the reflection it just clarifies everything I learned when I came out.” (Woodland student) 

Stewardship attitudes and sense of ownership in relation to writing and reflection
While the main goal of developing the writing prompts was to improve students’ science conceptual understanding, an important secondary goal was more affective: to contribute to student engagement with the restoration process, with their own learning, and with environmental stewardship and sense of ownership or self-efficacy in solving the environmental problems they face.  It is important to note that we did not specifically ask for or prompt for these attitudes in the writing prompts, which were focused on science content and the restoration process, but we did score for a rubric element about stewardships and sense of ownership regarding the land and the environment.  Hence, it was particularly striking that the most significant changes detected in student writing by the rubric scoring across schools was the Stewardship element (Figure 2).  Woodland High School’s class showed a significant change in student stewardship attitudes in 4 of the 5 field days, Grant High School showed this change in 3 of 5 field days, and Delta Vista showed this change in 2 of 5 field days (again, the low number of students who completed both pre and post-prompts likely affected the statistical strength for this class).  

Figure 2.  Mean pre and post rubric scores and results of paired t-tests for stewardship attitudes by school

	Field Day
	Main Activity
	Woodland
	Grant
	Delta Vista

	
	
	Pre
	Post
	n*
	p-value
	Pre
	Post
	n*
	p-value
	Pre
	Post
	n*
	p-value

	1
	Identifying native plants


	2.3
	2.7
	15
	0.06**
	1.8
	1.9
	12
	1.00
	2.7
	2.7
	8
	1.00

	2
	Planting native plants and shrubs


	1.9
	3.0
	11
	0.00***
	1.7
	2.2
	15
	0.02***
	2.6
	3.2
	7
	0.07**

	3
	Planting cuttings and grasses


	2.0
	2.7
	11
	0.12*
	1.8
	2.4
	12
	0.09**
	2.2
	2.3
	3
	0.42

	4
	Installing irrigation


	2.5
	3.3
	11
	0.00***
	1.4
	2.5
	14
	0.00***
	1.8
	3.1
	7
	0.05**

	5
	Monitoring plant vigor and survival 
	3.4
	3.2
	10
	0.83
	2.6
	3.1
	14
	0.18
	2.8
	2.8
	6
	0.31


*n = number of students completing both a pre and post field day writing sample

*p<.15, **p<.10, ***p<..05
Field Days 2 and 4, which focused on the important role of native plants in restoration and the role of water use efficiency and irrigation in Mediterranean climates like California, respectively, produced the most dramatic change in students’ stewardship attitudes across all three schools (Figure 2).  This may be due to several factors, some of which may be the intensive hands-on activities of the field day, as well as the framing of the writing prompts that asked students to defend and explain the scientific reasons for the field day activities.  These results have been very useful for teachers in designing other writing prompts.

To illustrate what these changes in student attitude looked like in their writing responses, we provide an example here of a student who went from a Stewardship rubric score of 1 in the pre-field day response to a score of 4 in the post-field day response. When asked to decide what kind of irrigation system should be used for their site and way, the students’ pre-write was very limited:
“I think the best irrigation system for the field would be the sprinkler because it can get the job done… and sprinklers aren’t that expensive.” 

The post-write, in contrast, not only showed a change in understanding, but gave the student an opportunity to argue for why water from the city should be used for their project, expressing ownership and investment in their project:
“The project we are doing is for a creek in winters is to restore the plant and animal life there. The plants and animals can come and make shelter. Also so bugs and birds can come and pollinate and make honey and so the flowers can grow better. We installed the drip irrigation system because it is good for watering individual plants that need water… By planting native plants, they adapt faster than non-native plants and need less irrigation help. The water should be used for our project because our site has come a long way since we first started and it would be a shame to just stop when we have come so far.” 

The teachers also observed a change in their students’ engagement in class during the writing activities before and after field days.  They noted that because there was a chance for whole class discussion as well as small group discussion about the concepts and field day activities using a graphic organizer before students wrote their responses, students were more confident in approaching the writing task and more engaged with the concepts during discussions.  

SLEW educators also observed a definite improvement in student engagement and increasing sense of ownership during field days as a result of the preparation provided by the in-class writing activities:

“For me, it was in their excitement about the concepts at the field days.  And that really came out at the beginning of the field day when we started talking about the concepts from the field day and what they learned from the CRESS prompts. You could see that some students were excited to share what they had learned or what belief they had come up with previously and they were excited to share that and see how they could apply it to the field day.”  

The student interviews during field days was a poignant corroboration of the changes in stewardship attitudes evidenced by the rubric scoring of their writing. Of the 22 students interviewed, 21 students said that the reason they liked doing the prompts was that they felt “prepared” before coming out to the field day. Unexpectedly, their sense of ownership seems to have come from the preparation provided by the writing process, giving students a sense of preparedness and knowing what to expect, why they were doing what they were doing, and even an opinion about which approaches to the restoration project were best.  One student commented:

“I think the prompt is the best way of preparing for me because you get all of the information and you read about it and you write about it and it gets us ready for it. It's better than someone just telling us this is what we're going to do.” (Grant student)
Another student explained why feeling prepared was important: 

“So you get an advance idea of what you're going to do. You get a picture of what to do - even though (the ecologist) teaches us it here (at the field day) - it gives us more of an idea of what we're going to do so that when we come out and work we're not going to be like - oh what did he (the ecologist) say again?” (Grant student)
This importance of feeling competent, or knowledgeable, during the field day experience, was echoed by other students, and may have contributed to their sense of ownership for their restoration project: 

“I think it was helpful because it helped us prepare for what we were going to do that field day instead of just coming out and being totally clueless about what was going on that day. And that helped us to be prepared and we could be more involved in the discussion because we already had some sort of knowledge about it.” (Delta Vista student)
While the rubric scores indicate that students’ feelings of stewardship increase after their hands-on experience doing the work of restoration, these interviews indicate how critical understanding the purpose of their work is to generating feelings of connection and ownership.  

Unexpected Results and Long-Term Impacts

1.  Because of this process, the teacher at Woodland High School convinced all of the other science teachers in his department to completely revamp the way they will assess student understanding of science. Instead of taking multiple choice/ and true/false tests, they will do writing prompts.  They have arranged for staff from CRESS to come in the fall of 2009 to do a workshop, similar to the one we did for our project, explaining to teachers how to design writing prompts and rubrics and how to collaboratively score and assess student understanding with them.  

One of the most exciting outcomes of this project is the ways that teachers have experienced and seen the value in the research process, and are using the results from the research project to improve teaching and learning in science across their schools, extending the impacts beyond the classrooms directly involved with the project.  The teacher collaborator at Woodland High School explained:

“Our school is trying to improve our test scores in particular in science and so we’re trying to think of ways to think of how to make students do better on tests.  We’re now going to be adopting the writing prompt philosophy to do benchmarks – when you just do multiple choice/True/False, they’re not understanding content – just facts. This gave me leverage with my department to try something different – I could say – look we’re doing this thing and it’s working with these kids.” 
2. The teacher collaborator from Grant High School has become convinced that writing is necessary to do in her classes, even though it’s often an uncomfortable experience for her and her students.  She’s going to incorporate more writing into her science classes next year, apart from her SLEWS activities. Over the summer of 2009 she put together more writing assignments and lessons to focus on peer editing with her classes.

“I spent last summer modifying a lot of my 7th grade materials that I put together to have some writing. So we started off doing some writing in the ecology unit and some graphing. And to tell you the truth it was so depressing, I just couldn’t continue. It was so horrible. It was worse even than my 7th graders. I think that was because the 7th graders that I had were not in support classes so already they were more on grade level for their skills, but that’s not the case in the high school. So there are still some students that it’s really horrible and depressing because you think in 2 years they’re going to graduate and their formal education may be done and these are the skills they’re going to take with them? If anything I have gained a greater understanding that even if it’s depressing for me it’s a necessary evil for me to have to go through.”

3. All of the writing prompts that we created are now up on the CLBL website and accessible to all participating SLEWS teachers. 

For years, SLEWS staff have struggled with how to make meaningful classroom connections with SLEWS field days.  Teachers often don’t have the time or expertise to adequately prepare and help students reflect upon what they do during their SLEWS field days.  This project has created materials that can be used by all SLEWS teachers, along with guidelines about how teachers can create their own writing prompts to align closely with their classroom curriculum.  During the fall 2009 CRESS teacher workshop, teachers who participated in the CRESS project explained to others how the prompts were created and how they used them in their classroom.  There are instructions online for how teachers can incorporate the prompts into their classes. The consensus among our teachers seemed to be that students could get prepared adequately for the field day by discussing the concepts with their group and filling out the graphic organizer and then coming back AFTER the field day, revising their graphic organizers and writing the final paper then.  

One teacher explained how important the guiding concepts provided by the prompts are for how he prepares his students for the field day: 

“It gives me a framework to help me think about how to prepare the students – need to know these words, need to know these concepts.  I do that (preparation) a lot already but until we had the prompts I didn’t have any guidelines aside from my own personal experience. I’ve always used SLEWS as the application piece to my class – and the writing prompt hasn’t really changed things.  The  pre-writing prompt has been really crucial for me because it helps me know how to prepare them. Even though it’s good for the students it’s better for the teachers.” 

All of the prompts and related guidelines are available for download at: 

http://www.landbasedlearning.org/teachers.php

(7) Narrative Summary

LEARNING SCIENCE IS AN ACTIVE PROCESS. Learning science is something students do, not something that is done to them…In the National Science Education Standards, the term "active process" implies physical and mental activity. Hands-on activities are not enough—students also must have "minds-on" experiences. (NRC, 1996, p. 20)
Science education reform efforts over the last several decades have focused in large part on shifting emphasis away from teachers presenting information and covering science topics towards incorporating hands-on activities and emphasizing student engagement in the learning process. However, as the authors of the NRC Science Education Standards note above, “hands-on” activities alone will not help students “achieve science knowledge with understanding” - instead, there must be a balance between active experiences and thoughtful, mental activity if those experiences are to be meaningful. 

This reminder applies equally well to informal, environmental education (EE) programs, which often emphasize engaging, hands-on activities that focus on environmental appreciation and awareness, but tend not to assume responsibility for developing cognitive skills or assessing conceptual understanding of scientific content.  This makes sense in a way; it is the classroom teachers, after all, who are held responsible if their students don’t perform well on district and standardized science tests, not the outdoor education center or the creek clean-up crew.  Educators for their part also don’t expect EE programs to emphasize abstract conceptual understanding; they rely on outdoor field trips to provide students with the direct experiences that will inspire and carry them through the day-to-day textbook curriculum that still dominates most science classrooms.

Yet informal EE programs might be missing valuable opportunities by supporting these mutually exclusive, but compatible roles.  For one, EE programs could garner greater support from schools and funders if they are able to demonstrate how the direct experience they provide leads to growth in conceptual science understanding.  The push for greater accountability and testing in our nation’s schools has meant that many science teachers are forced to “teach to the test”; as a result, science education in the higher grades often becomes about memorizing vocabulary words and formulas and there is little room for hands-on activity at all, let alone more informal, out of school experiences. Perhaps more importantly, EE programs might find that by incorporating more “minds-on” activities, they can achieve a greater impact in the sense that learners may find the experiences more meaningful when they understand the scientific significance of their activities. 

Background
Our study explored how the Center for Land-Based Learning’s SLEWS program, an informal EE program focusing on watershed restoration, has attempted to make their very “hands-on” program more “minds-on” by working with teachers to incorporate inquiry-based writing activities in the classroom before and after their field day experiences.


SLEWS (Student and Landowner Education for Watershed Stewardship) is a service-learning environmental education program focusing on watershed restoration in the California Central Valley. The SLEWS program connects dozens of sub-urban and urban high-school biology, agriculture and environmental science classes with local landowners interested in restoring native plant species on their farms and ranches.  Over the course of the year, students visit their adopted farm 3-5 times for “field days” and work alongside practicing ecologists to plant native species, build bird boxes, and install irrigation systems while learning about how their work helps to increase biological diversity and improve the health of the agricultural ecosystem.  

The fact that students participate in actual restoration work during SLEWS field days means that they are engaged in authentic, hands-on experiences, but the necessity of getting the work done (to fulfill contracts and obligations to landowners) often supplants other more explicitly educational activities and conversations about the ecological science behind the restoration work that they do.  While reflection activities play an important role in every SLEWS field day, they are frequently geared towards exploring a students’ personal and emotional experience through journal writing or nature art. While these are certainly valuable activities in their own right, they are usually disconnected from a more academic approach to scientific concepts and process.  

Although a comprehensive curriculum about ecological restoration is available for participating SLEWS science teachers to use in their classrooms, in practice this rarely happens due to lack of time required for the lengthy lesson plans, materials, or teacher expertise in the content area 

Research question
To address this disconnect between the hands-on experiences of field days with the science content and inquiry thinking in classrooms, SLEWS staff, teachers and UCD researchers predicted that students would better understand the scientific concepts inherent in their field experience and perhaps find the experience itself more meaningful if they had a chance to prepare in advance and think about and reflect upon their field days in their science classrooms. So, a collaborative team of teachers from three SLEWS classes, SLEWS staff and UCD researchers created five inquiry-based writing prompts designed to elicit student thinking and understanding about the scientific basis for each of their field days.  We asked: How does the integration of formal in-class instruction, coupled with hands-on participation in SLEWS field days, contribute to student understanding of ecological concepts and engagement in the learning process? 
Study Design
In order to gather information to answer our question, we used writing activities with inquiry-based prompts before and after each field day to elicit student thinking. Students responded to the prompts before and after each of the 5 field days in order for the research team to see what impact (if any) participating in the SLEWS field day had on students’ conceptual understanding.
We also observed student engagement in the classroom and during field days, and interviewed students, teachers and SLEWS staff about their experiences. Teachers, SLEWS educators and UCD researchers co-developed the writing prompts and analyzed the student writing using a rubric that focused on science content knowledge, use of examples and evidence, stewardship attitudes and values, and writing quality.

Overall Findings
· Students’ understanding of content material improved after the field day experience in many cases, as well as their expressions of stewardship attitudes (including a sense of ownership of the project and commitment to helping their community through restoration work) 

· Students reported that by writing in response to the prompts before each field day,  they felt more prepared for their field days.  Students consistently indicated that feeling prepared for the field day was an important part of their contribution to the restoration project. Many students also reported that writing after each field day helped them remember and clarify what they’d learned during the field day. 

· Teachers noticed that students were particularly engaged during the group discussion portion of the writing activity in class. 

· SLEWS staff and teachers noticed that students were excited to share what they knew with mentors and staff during the field days. They reported greater student participation in content-related discussion during field days.

· Teachers noticed that many of their students became more comfortable with writing throughout the year. Teachers also became more comfortable with creating and using writing assignments in their science classes.  One teacher convinced his entire science department to replace multiple choice tests with writing assignments as a way to measure student understanding of science benchmarks.  

· SLEWS staff reported that their own practice changed to focus more on the science concepts included in the prompts. 

This collection of writing prompts developed for this project will help students prepare for and reflect on their SLEWS field day experiences while developing scientific reasoning and writing skills. The writing prompts are based on CA state science standards and are closely linked to SLEWS field day activities.  Our hope is that if students better understand the science behind what they do on their SLEWS field days, their experiences will be more meaningful.  In turn, students may become more excited about science class if they can directly relate their SLEWS experience to what scientists do. 
     APPENDIX A: SLEWS Science Writing Prompts: An Overview

	SLEWS Field Day theme and activities
	SLEWS Science Concepts
	CA State
Science Standards
	Writing Prompt Focus
	Sources of Data for Prompt
	The Communication Triangle


	
	
	
	
	
	Audience
	Writer
	Form

	Orientation: 
· Native plant ID
· Seed collection
· Mapping
	Habitat restoration 
is a way to return ecosystem functions to a landscape; it attempts to reverse negative environmental effects of human activities on the land
	6.2 (Ecology) Students know how to analyze changes in an ecosystem resulting from changes in climate, human activity, introduction of nonnative species, or changes in population size.
	How will your restoration site change over time?  
	Photographs of restored and non-restored landscapes and the restoration process over time
	The landowner/ land manager of the SLEWS restoration site
	Student
	Formal Letter

	Native tree and Shrub planting: 
· Planting
· Installing protective stakes and tubes
	Biodiversity of native plants and animals is part of a healthy ecosystem, helps communities survive disturbance and change
	6.1 (Ecology) Students know biodiversity is the sum total of different kinds of organisms and is affected by alterations of habitats

	How does a diverse community of native plants help support pollinators, wildlife and agriculture? 
	· charts of native plant flowering times; 
· chart of services that native plants provide for wildlife; 
· video about pollinators
	Neighboring farmer
Farmers in CA
	Student
Ecologist
	Formal Letter
News-letter article

	Planting cuttings, native grasses and sedges:
· Taking cuttings
· Planting cuttings
· Plug planting
	Plant reproduction
Plants reproduce both sexually (through seeds) and asexually (through cuttings or rhizomes)
Different forms of reproduction help a plant to adapt to its habitat and survive changes in the ecosystem 
	2. (Genetics) Mutation and sexual reproduction lead to genetic variation in a population.

	Should we plant our restoration site with cuttings or seedlings?  Should we source them from this area or far away?
	· Photographs (and live samples) of cuttings and potted seedlings;
· chart of information about willow sexual and asexual reproduction
	SLEWS  restoration team
Local community
	Student
Reporter
	E-mail
News article

	Irrigation:
· Installing drip irrigation: laying line, installing emitters
	Competition for resources 
Native plants compete with non-native plants for resources 
	8.1 (Evolution) Students know how natural selection determines the differential survival of groups of organisms.
	Which irrigation system would you choose for your restoration project and why? 
	Chart of different types of irrigation and the positives and negatives of using each type
	SLEWS ecologist
Local water district
	Student
Student
	Email 
Formal letter

	Monitoring:
· Rate plant vigor
· Measure plant height
	Scientific process and data collection
Monitoring helps us see what worked and didn’t work; allows us to see the change in our site over time (seasonal change, growth, cycles)
	1.9 (I&E) Analyze the locations, sequences, or time intervals that are characteristic of natural phenomena (e.g., relative ages of rocks, locations of planets over time, and succession of species in an ecosystem).
	How would you monitor your restoration project over time? Why would you monitor? 
	· Graphs of water temperature and relative plant growth over time; 
· Chart of biotic and abiotic elements of an ecosystem 
	SLEWS staff
	Student
	Letter


    APPENDIX B: SLEWS Science Writing Prompt Scoring Rubric

	
	4
	3
	2
	1

	Conceptual Understanding
	Demonstrates thorough understanding of concepts 

- Thoughtfully and accurately explains all main concepts elicited in prompt 

- Uses multiple terms from word bank or related/appropriate terms correctly

- No significant factual errors
	Demonstrates acceptable understanding of concepts 

- Accurately explains most of the main concepts elicited in prompt

- Uses multiple terms from word bank or related/appropriate terms correctly

- No significant factual errors
	Demonstrates some understanding of concepts 

- Addresses concepts elicited in prompt but does not explain thoroughly or accurately

- Uses some terms from word bank or related/appropriate terms 

- May use some terms incorrectly


	Demonstrates very little understanding of concepts

- Response not tied directly to concepts in prompt

- Does not address all concepts elicited in prompt

- Does not use relevant or appropriate terms

- Does not use terms correctly 



	Evidence/ Examples
	- Provides specific examples 

- Provides multiple examples

- Uses a variety of sources
- Examples and evidence are appropriate and strong (convincingly tied to argument) 
	- Provides specific examples 

- Examples and evidence are appropriate and strong (convincingly tied to argument) 
	- Provides examples but they are not specific
- Examples are appropriate
	- Brief and undeveloped

- Provides few or no examples

- Examples are very general

- Examples may not be appropriate 

	Stewardship attitudes
	- Expresses positive environmental attitude AND

- Demonstrates a sense of ownership of restoration project 

- Indicates an understanding of importance of positive environmental action

- Indicates intention to act
	- Expresses positive environmental attitude AND/OR

- Indicates an understanding of importance of positive environmental action


	- Expresses minimal amount of concern for the environment


	Does not indicate personal investment or confidence in ability to address issue

	Readability
	- No noticeable readability or structural issues

- Follows proper format (letter, etc.)

- Has a clear introductory statement or thesis and uses transitions
	Few grammatical and structural issues – not enough to impact meaning
	Noticeable structural and grammatical issues that impact meaning
	- Incomplete or incorrect structure

- Significant structural and grammatical issues that impact meaning


APPENDIX C: SLEWS Science Writing Prompt Example 1 – Orientation Field Day 

Name: ___________________________    Date: ____________________
What does habitat restoration look like?
During the SLEWS program, you will be helping your landowner restore, or repair habitat that has been damaged over time at your restoration site. Your landowner grows wine grapes on his land.  He has asked SLEWS and the project’s restoration ecologists to help with this restoration project. The landowner would like to know more about what his land will look like after restoration and how it might benefit his farm and the environment.  
Your task: Write a letter to the landowner about the habitat restoration you’ll be doing with SLEWS.
In your letter:  
· Describe the changes in the habitat that he might see as a result of the restoration.  
· Describe how those changes might help his orchard and the environment.  
· Include as many specific examples as you can.  
Resources for your letter:
· Ideas and examples from your previous knowledge and experience (including the SLEWS field day) 
· Before and after photos of the example restoration site (Powerpoint slides)
· Background reading entitled “What is ecological restoration?” 
· Word bank below 
Before you start your letter, organize your ideas first in small groups using the graphic organizer handout. 

Name: ___________________________
Before you begin your letter…. 
ORGANIZE your thoughts. 
Based on the evidence from the photos, the reading, and your previous knowledge and experience, list below some of the things you would expect to see in the habitat BEFORE restoration and AFTER restoration.  Also, list how restoration might help the farmer and the environment. 
Work in small groups to brainstorm these ideas and then use these examples to write the letter on your own. 
	Habitat BEFORE restoration
	Habitat AFTER restoration

	
	

	
	

	
	

	
	

	
	

	 
	

	How restoration helps the FARMER
	How restoration helps the ENVIRONMENT

	
	

	
	

	
	


APPENDIX D(i):  SLEWS Science Writing Prompt Example 2 – 
Monitoring (PRE-Field Day Prompt)

Name: ___________________________    Date: ____________________
Measuring success
Over the past year in SLEWS, you and your project team have done a lot of work to restore habitat along Cache Creek.  
· What was the main goal of restoring the habitat? 
· How will we know if you’ve reached your goal? 
Monitoring the health of habitats
How do you know if a person is healthy? Every time you go to the doctor, she takes your blood pressure as one of several clues to tell how well your body is functioning.  Similarly, ecological scientists can measure various factors for clues to tell how well an ecosystem is functioning.  Instead of blood pressure, they measure abiotic (non-living) and biotic (living) factors repeatedly over time.  Tracking changes over time is called monitoring.  Some of the types of abiotic and biotic elements that ecological scientists may use to monitor the health of a restored habitat are included in the handout “Abiotic and Biotic Factors in an Ecosystem”.
To monitor the health of biotic (plant and animal) populations, scientists might measure how the population numbers change over time or whether the total number of species (biodiversity) changes over time.  For example, Figure 1 shows how 3 species of native plant populations (numbers of individual plants) in a restored habitat changed over time. 
· What do you notice about the changes from year to year?  Why might that be the case? 
Abiotic factors can also be measured over time.  For example, Figure 2 shows the change in average summer water temperatures in a restored riparian (stream or river) habitat. High water temperatures can have negative impacts on aquatic life forms such as fish and insects. 
· What do you notice about how water temperature changed from year to year? Why might that be the case? 
The importance of monitoring
Monitoring helps us to understand these changes and whether we’ve been successful in our restoration work.  It also helps us to adapt and change restoration techniques if we don’t feel they’ve been successful so far, based on the data we collect. For example, based how plant populations changed over time in Figure 2, what might you think about doing in future restoration projects?   
Very often, we don’t have the time or money to measure every abiotic and biotic factor in an ecosystem.  Instead, scientists must choose a limited number of factors that will give the most information about the health of the habitat. 
Your task
Write an email to Neal (the SLEWS coordinator) recommending WHY he should monitor the project over time and HOW he should go about collecting data. In your email please include: 
1. Reasons why it is important to monitor the restoration site
2. Choose 1 biotic and 1 abiotic factor to monitor and describe why you chose those factors 
3. Describe how you will collect data to monitor these factors over time
4. Describe how you expect those factors to change over time

Please discuss what you will write first in a group.  Use the graphic organizer to guide your discussion and writing.
	Why is monitoring important at your site? 
What changes do you hope to see? 


	Abiotic/Biotic Factors specific to your site
	How you would monitor (measure) the changes
	How they may (or may not) change over time 

	
	
	

	
	
	

	
	
	

	
	
	


APPENDIX D(ii):  SLEWS Science Writing Prompt Example 2 – 
Monitoring (POST-Field Day Prompt)

Measuring success
Over the past year in SLEWS, you and your project team have done a lot of work to restore habitat at your restoration site.  
· What was the main goal of restoring the habitat? 
· How will we know if you’ve reached your goal? 
Monitoring the health of habitats
How do you know if a person is healthy? Every time you go to the doctor, she takes your blood pressure as one of several clues to tell how well your body is functioning.  Similarly, ecological scientists can measure various factors for clues to tell how well an ecosystem is functioning.  Instead of blood pressure, they measure abiotic (non-living) and biotic (living) factors repeatedly over time.  Tracking changes over time is called monitoring.  Some of the types of abiotic and biotic elements that ecological scientists may use to monitor the health of a restored habitat are included in the handout “Abiotic and Biotic Factors in an Ecosystem”.
To monitor the health of biotic (plant and animal) populations, scientists might measure how the population numbers change over time, or whether the total number of species (biodiversity) changes over time.  For example, Figure 1 shows how 3 species of native plant populations (numbers of individual plants) in a restored habitat changed over time. 
· What did you notice about the native plant populations at your restoration site? How do you expect them to change over time?
Abiotic factors can also be measured over time.  For example, Figure 2 shows the change in average summer water temperatures in a restored riparian (stream or river) habitat. High water temperatures can have negative impacts on aquatic life forms such as fish and insects. 
· Think about an abiotic factor at your restoration site (these might have to do with soils, air, or water).  Did you notice it changing over the course of the year? How might you expect it to change over time in the future? 
The importance of monitoring
Monitoring helps us to understand these changes and whether we’ve been successful in our restoration work.  It also helps us to adapt and change restoration techniques if we don’t feel they’ve been successful so far, based on the data we collect. 
Very often, we don’t have the time or money to measure every abiotic and biotic factor in an ecosystem.  Instead, scientists must choose a limited number of factors that will give the most information about the health of the habitat.  
- What are some of the biotic and abiotic factors that would be useful to monitor at your restoration site? 
Your task (AFTER the FIELD DAY)
Write an email to your restorationist recommending WHY he or she should monitor the project over time and HOW he or she should go about collecting data. You can use the word bank below. In your email please include: 
5. Reasons why it is important to monitor the restoration site.
6. Choose 2 factors to monitor (1 biotic and 1 abiotic) and describe why you chose those factors. 
7. Describe how you will collect data to monitor these factors over time.
8. Describe how you expect those factors to change over time.

Before you start writing, please discuss what you will write first in a group.  Use the graphic organizer to guide your discussion and writing.
	Why is monitoring important at your site? 
What changes do you hope to see based on the goals of the project? 


	Abiotic/Biotic Factors specific to your site
	How you would monitor (measure) the changes
	How they may (or may not) change over time 

	
	
	

	
	
	

	
	
	

	
	
	


WORD BANK


         (Note: you don’t need to use all of these in your letter)





	Wildlife habitat		Water quality	


	Native plants			Seeds


	Invasive plants		Diversity


	Erosion			Weeds


	Monoculture			Ecosystem 


Food for wildlife





WORD BANK





Monitoring			Abiotic 		Biotic 


Ecosystem			Riparian habitat	Erosion


Water quality			Native plants		Indicator


Invasive plants		Irrigation                     Pollinators						


		





	





WORD BANK





Monitoring			Abiotic 		Biotic 


Ecosystem			Riparian habitat	Erosion


Water quality			Native plants		Indicator


Invasive plants		Irrigation                     Pollinators						
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