Assé, Rainer

Curriculum Outline

Subject:
A flexible Food and Environment unit for 11th grade or 12th grade environmental science courses. The five module unit requires a total of 15-18 class periods. The modules should be sequential, but they can be spread out over one semester or two quarters. The unit includes lectures, discussions, group exercises, essay writing assignments, computer lab options, an inquiry-based laboratory pot experiment, and a dairy farm field trip.




Objective:
Using a teaching method that integrates science skills and knowledge from Biology, Chemistry, and Geology, teach students literature exploration and experiment design skills that can be used for characterizing and assessing different natural resource use strategies. 

Framework:
Five modules linked to a semester-long laboratory pot experiment.

1. Introduction to Soil Fertility (3 class periods)

2. Introduction to Food Crops (3 class periods)

3. Pot Experiment Design (4 class periods)

4. Exploring Science Language (3 class periods)

5. Reporting Results (4/5 class periods)

Summary:

Environmental Science is a multidisciplinary course. Nevertheless, in most secondary schools the curriculum guiding instruction of this course places little emphasis on its cross-disciplinary nature. My personal classroom experiences in Rochester and Ithaca have shown me that Environmental Science curricula do not place enough emphasis on helping students consciously connect and integrate science skills and science knowledge from Biology, Chemistry, and basic Mathematics into an integrated environmental science approach. 

An integrated or cross-disciplinary approach in secondary school environmental science may be an important factor in facilitating inquiry-based learning and teaching. Inquiry-based teaching seems to be driven by teachers who are willing to explore various questions and multiple perspectives with students whenever a “teachable moment” emerges. These various perspectives are far-ranging and depend on the interests and curiosity of students. Such curiosity is inherently cross-disciplinary.

Inquiry-based learning is driven by the cross-disciplinary curiosity of students. Inquiry-based teaching methods must correspond with the cross-disciplinary learning style of curious students. Curricula must likewise match teaching methods which build on this particular learning style of students. Curricula that facilitate conscious exploration of different science and math skills with the goal of comprehensive environmental science learning seem to best correspond to the cross-disciplinary learning needs of students. The following outline for a Food and Environment unit could serve as a starting point for further development by individual teachers.

Module 1:
Soil Fertility
· Discussion: What is soil?

· Lecture: What are soil nutrients?

· Discussion: New York link - NY soils and uses of

· Explore career link: Who studies soils and why

· Discussion: Comparing and assessing nutrient rich soil vs. nutrient poor soil

· Brainstorm: Possible soil-based laboratory and field experiments done on New York soils

Activities:

1. Lecture/discussion.

2. Exploratory soil lab:


Compare and record color, texture, smell, pH, temperature, compaction, micro-fauna/flora, C or N content of different soils.

3. Two page student essay assignment: How might chemistry, biology, and geology be important disciplines for deeper exploration of the soil lab previously done?

4. Internet and library search assignment: List of 10 professionals who use soil information or research soil issues.

Teaching Goals:

· Students are introduced to the geological and biochemical origins of soil.

· Students explore the different components of soil.

· Teacher and students learn how to use comparison as a conceptual and exploratory tool.

· Teacher and students learn how to identify criteria for conducting assessments.

· Teacher and students construct conceptual links between different disciplines for understanding and contextualizing soils.

· Teacher learns to capitalize on “teachable moments” i.e., being comfortable with allowing student questions to guide class discussions and define unit exploration.

Resources:

Cornell Environmental Inquiry/Projects:Soils Unit- Angie Rivenshield

http://ceirp.cornell.edu/Curriculum_Resources/soil2.asp
Biodegradation: Composting 

http://ei.cornell.edu/
Soil and Water Conservation Service/Soil Survey Resources for Kids and Teachers

http://www.swcs.org/t_resources_survey_kids.htm
Module 2:
Food Crops
· Discussion: Cereals of the world

· Lecture: Nutrient, water, light, and labor/energy requirements of common cereals

· Discussion: Environmental costs of agriculture

· Computer Internet lab: New York link - New York cereals?

· Student short presentations: Career link: Food production and consumption in NY State? Food production in West Africa or in other developing region?

· Discussion: Cost and benefits of low external input agriculture vs. high external input (specific comparisons of compost use, vs. chemical fertilizer use, and using no amendments)

Activities:

1. Dairy farm visit.

2. Group Exercise: Characterizing food production systems in New York vs. Mali.

3. In-class exercise: identifying factors for a cost benefit analysis of low external input agriculture vs. high external input agriculture.

4. Two page group essay assignment: Focusing on factors for a cost/benefit analysis (especially environmental) of dairy farm visited.

5. One page individual student essay: Proposal for laboratory pot experiment (sections on question, hypothesis, methods, and related theory).

Teaching Goals:

· Students introduced to cereal crops.

· Students introduced to the geography of food production systems.

· Students learn how to identify and rank criteria for cost-benefit calculations.

· Students see and conceptualize links between food systems, local ecological systems, and consumption.

· Students individually and collaboratively articulate experimental strategy.

· Students and teacher develop critical stances on experiment design. 

· Teacher and students formalize comparisons into calculative strategies e.g. cost/benefit analysis.

Resources:

New York Agriculture in the Classroom:
http://www.emsc.nysed.gov/workforce/agriculture/classroom.html
Appropriate Technology Transfer for Rural Areas (ATTRA)/Sustainable Agriculture Curricula: K – 12

http://www.attra.org/attra-rl/k12.html
National Wildlife Federation’s link to environmental risk assessment

http://enc.org/resources/records/full/0,1240,008654,00.shtm
Worldwatcher High School Curriculum Project:

http://www.worldwatcher.nwu.edu/curriculumHS.htm
EPA’s Environmental Education Center

http://www.epa.gov/teachers/
Module 3:
Pot Experiment Design
· Developing a testable question

· Developing a Hypothesis 

· Identifying dependent and independent variables

· Designing measurement strategies

· Discussion of overall inquiry strategy

· Class vote on experiment design

· NY link: How are NY farmers involved in research/ agricultural experiments?

· Career link: How does this experiment compare to experiments done by college students?

Activities:

1. One page student essay: Proposal for pot experiment (sections on question formulation, hypothesis, methods, and theory building).

2. Whole class voting and discussion of which student protocol proposal should be adopted (e.g., comparing growth of vegetables under different soil fertility treatments: with compost amendments; with NPK chemical fertilizer; with no amendments).

3. On-going laboratory experiment: Students establish and maintain pot experiments.

4.  Lab notebook: Maintenance of lab notebook (one paragraph/session entries)

5. Two page group essay: summary of experiment design, critique of design vis-à-vis hypothesis and methods, suggestions for assuring that methods facilitate hypothesis testing.

6. Review of posters produced by college students.

Teaching goals:

· Students learn how to construct hypotheses and methods for evaluating/testing hypotheses.

· Students consider relationship between hypothesis construction and theory building.

· Students engage in measurement as an inquiry strategy.

· Students experience peer and collaborative aspect of a science work community.

· Teacher engages in coaxing teachable moments toward a collaborative and comprehensive research strategy.

Resources

Science Curriculum Ideas and Materials/ Eisenhower National Clearinghouse

http://www.enc.org/
Studies and Methods

http://www.biology4kids.com/
Inquiry-Based Research/Laboratory Protocols for Students

http://ei.cornell.edu/
Living Environment Core Curriculum/ New York State

http://www.emsc.nysed.gov/ciai/mst/pub/livingen.pdf
Module 4:
Exploring Science Language
· Designing and reading line graphs and bar graphs

· Designing and reading pie charts/understanding percentages

· Designing and reading tables/matrices

· Examining the vocabulary of soils (chemistry, biology, and geology terms), the vocabulary of agricultural production, and the vocabulary of laboratory pot experiments

· Examining Models (mathematical e.g., cost/benefit, and graphic e.g., graphs)

· Introduction to Mind-Map/Flow Chart of experiment/research process



Activities:

1. In-class examination of how to produce and understand graphs, charts, and tables. Student lab groups generate their own from preliminary pot experiment data.


2. In-class vocabulary exploration forum: Each student identifies 20 unfamiliar or difficult words related to previous modules. Discussion of most frequent words identified by class. Discussion of resources for discovering the meaning and history of science words/concepts. 

3. In-class exercise: Creation of mind-map/flow chart of lab experiment and research process(computer lab/Mind-map software required). 

4. Student two page essay assignment: How can a mind-map/flow-chart of research steps help in building a theory that explains pot experiment lab results? Alternative essay: apply mind-mapping to a specific agronomy accomplishment of a historically important researcher/scientist e.g., George Washington Carver.

Teaching goals:

· Students understand how graphs are used to condense and communicate key data or information.

· Students learn to communicate their hypotheses and lab observations using models and graphs.

· Students learn to rank and organize information in tables and matrices.

· Students use reference resources and language skills to understand science related vocabulary.

· Students link history of science with the development of scientific thinking.

· Students examine their individual research logic.

Resources:

Mind-mapping Trial Software

http://www.mindjet.com/download/
Modeling for Understanding in Science Education

http://www.wcer.wisc.edu/ncisla/muse/philosophy/index.html
Module 5:
Reporting Results
· In class paper organizing session

· Poster design/production session

· Review of college posters on related topics

· Poster Session

· Discussion: Knowledge generation, communication, and peer review

· Open discussion/evaluation of research/experiment process



Activities:

1. Paper organizing: Question and answer session plus review of two past student papers.

2. Student individual lab report assignment: Three page paper reporting result of lab pot experiment.

3. In-class discussion: Poster design/production using Powerpoint software plus review/critique of posters from Cornell undergraduates.

4. After-class and between-class poster session and peer review: Students record their evaluations of five fellow classmate posters.

5. In-class discussion: Open forum on science communication and peer review plus individual student and group evaluation of entire unit.

Teaching goals:

· Students examine posters, and papers as knowledge communication media.

· Students learn to critique themselves and each other in terms of knowledge communication effectiveness.

· Students learn to use Powerpoint to produce posters.
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