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Goals

· Integrated science inquiry project for local community development and mobilization.

· Use science as a tool to help solve local problems and improve local quality of life.

Scope

· This theory is for secondary or university natural or social science courses.

· This theory is mainly for my own use. I have rarely or never used most of the “new-paradigm” (Reigeluth) teaching methods I suggest, such as collaborative learning, problem-based projects or community development in my teaching, but this theory is helping me formulate how I might. (Ironically, I created a similar community research project-based instructional theory before I even knew what an instructional theory was (Vogl, 1998), and completely forgot about it until the night I completed this theory!)

· Ideally other teachers could also adapt this theory for their needs.

· This theory must be presented broadly and customized to fit specific circumstances. Its implementation depends highly on a large number of variables not known in advance, such as the characteristics and needs of the learners and community.

· This theory is not a teacher training program but could be the basis of one.

Preconditions

· The students are able to visit and keep in contact with local community residents.

· Many of the students are from the local community or a similar community, and they might stay there for a long time, as in traditional rural communities in developing countries.

· Residents perceive one or more community problems to be acute, and existing social structures and institutions do not or cannot adequately deal with the problems, such as in remote rural communities and inner cities.

· Resources are relatively scarce; the school and community are underfunded.

Values

· Collaborative problem-solving (Nelson) and decision-making through consensus.

· Holism: integration of different disciplines in science, and science with other subjects (Gardner; Kovalik & McGeehan).

· Application of scientific knowledge, methods, and ways of thinking.

· Active learning, full participation and achievement by all students.

· Development of students’ personal interests; use of multiple intelligences (Gardner).

· Practical experience, career exploration, and future-building for students.

· Authenticity; relevance of academic studies and scientific methods to the real world.

· Civic responsibility and community involvement (Bielaczyc & Collins).

· Positive change and development of individuals and communities.

· Community self-reliance; creative, cost-effective, sustainable use of local resources.

· Teamwork, collaboration, resource sharing and mutual involvement: students, instructors, classes, schools, parents, scientists, businesses, government, communities.

Example projects/problems

Natural Sciences

· Land: deforestation/desertification, climate change, litter, garbage disposal, recycling

· Water: sources, usage, outages, shortages, contamination, quality, treatment

· Air: temperature, humidity, pollution sources, pollutants, effects

· Energy: sources, forms, shortages, outages, usage, cost, regulations

· Organisms: diseases, endangered species, populations, food chain, agriculture

· Health: diseases, food and nutrition, sanitation, shelter, medical facilities, medicines

Social Sciences

· Population: overcrowding, housing shortage, environmental impact, migrations

· Communications and media: phone service, postal service, TV, radio, newspapers

· Transportation: roads, traffic, taxi services, auto repairs, petrol, accidents

· Social problems: poverty, crime, unemployment, homelessness, substance abuse, etc.

Rationale

There is a strong need to get students involved in local community development and immediately apply the scientific knowledge and skills they learn in school.

· Students and teachers are unmotivated by traditional lecture-based teaching methods.

· School seems artificial and irrelevant to many students because it is bookish and unconnected to the real world, and only used in the classroom and science lab. They are unable to transfer their knowledge because they are not given a chance to “unite the world of knowledge and the world of work in learning” (Van Merriënboer).

· Teachers and boarding students may seldom make contact with the local community.

· Teacher education programs often fail to produce practices inclusive of all learners. Western paradigms of science may be inappropriate but are rarely critiqued, whereas multicultural education embraces all perspectives and empowers students (Barton).

· Students often look for work right out of high school but have not explored careers.

· Parents invest in their children’s education but the students often do not return the investment because they leave the community or are unemployed.

· Students often go to cities instead of staying in the local community. 

· Students perceive big cities as more glamorous, prestigious and lucrative.

· Big cities have high unemployment and are overcrowded.

· The brain drain from rural to urban areas leaves rural areas underdeveloped and increases inequalities.

· Governments often ignore rural problems and spend most development money on cities.

· Because universities are often located in urban areas and financially supported by business, they often focus on urban problems and work more with businesses than with communities.

· Expensive foreign aid projects for rural development bring in high-paid outsiders who do not speak the language, know the culture, involve community members or use appropriate technologies.

· Imported science equipment is expensive and relies on foreign providers.

· Agriculture remains traditional and does not make use of local technologies.

· Developing countries cannot afford to subsidize science research that focuses on universal, purely theoretical knowledge while ignoring local practical problems.

Problems

To use this instructional theory, a number of problems must be overcome at each stage. 

· Much of the existing science curriculum does not apply to community development or local needs. The science curriculum is too academic and focused on college preparation.

· Students who are used to rote learning are not likely to do anything without specific directions. They need to be taught to think for themselves and be self-reliant. 

· Education need not be immediately relevant or focused on a specific job. The job market is rapidly changing and it is difficult to predict what jobs will be available in the future. People are changing jobs and moving around more than in the past.

· Apprenticeships may fail if the real-life workers are poor teachers or have poor skills.

· Teachers are often already overworked, and these methods are very time-consuming.

· Much time might be spent on transportation and clerical work rather than learning.

· Traditional instruction may be faster, more efficient and produce higher exam scores.

· Teachers must be trained to use these methods. Often teachers are undereducated in both content and pedagogy and know as little about their communities as students. The training program should use the simplifying conditions method to bring teachers through increasingly complex and elaborate stages over a long time (Reigeluth).

· Teachers are often reactionary, unwilling to try anything new or risk their jobs.

· The status quo is often very entrenched by religious beliefs and cultural patterns. Fatalism is prevalent in traditional societies, which see development efforts as futile.

· Politicians and businesses who benefit from the status quo will resist change and undermine the efforts of anyone trying to uncover problems and their causes. In some cases, teachers accused of subversion may lose their jobs and even be imprisoned (e.g. in Bassek ba Kobhio’s 1991 film Sango Malo: The Village Teacher).

· Many problems are not scientific or technical but political, economic or social.

· Many problems are complex, interrelated and systemic; they need systemic solutions.

Project Steps

· These methods can be followed roughly sequentially but will require iteration and a holistic approach rather than a serialistic one. Decisions in earlier steps affect those in later steps and vice-versa, so both forward and reverse thinking is needed. 

· Teams of learners should perform most steps, with guidance from experienced adults (teachers, scientists, parents, etc.) who each contribute different areas of expertise. 

· The instructor must wear many hats, such as managerial, pedagogical, social and technical (Bonk), which vary at different stages. The instructor should act as:

· Organizer/facilitator

· Lecturer/presenter

· Role model/motivator

· Mentor/coach

· Instruction should start relatively structured and guided and become more open-ended and consultative when students are ready. Instructors should gradually remove scaffolding to move students toward self-regulated learning (Corno & Randi).

1. Give an overview of the project.

· Explain and discuss the general purposes, learning objectives, roles, and processes.

· Invite guest speakers and use examples from previous projects; keep them accessible.

· Give guidelines and criteria for teamwork, activity behavior and assessment.

· Use elaboration (Reigeluth) to start with a simple overview and gradually provide more details throughout the project.

· Find examples of such projects in the library, on the Internet (e.g. GLOBE); display and discuss them.

2. Explore possible projects.

· Brainstorm ways to identify problems.

· Brainstorm, discuss and research community needs and problems.

· Organize, categorize and relate problems.

· Identify problems that might be suitable for the project.

· Identify feasibility constraints and project selection criteria. The project should:

· Be amenable to scientific research and/or technical solutions.

· Consider political, economic and ethical constraints and consequences. 

· Be relatively safe, though change is inherently risky.

· Meet constraints of time and costs.

· Be owned and valued by the community. Change must be desired and needed.

· Be large and complex enough of a problem for a large group, with sub-problems.

· Support the learning goals of the existing curriculum and provide opportunities to cover material in standardized tests.

· Learning goals should be criteria for selecting the topic and scope of the project.

· Individual learning needs should drive the more specific project details.

3. Define the project.

· Choose project topic, goals and scope, including appropriate learning goals.

· Choose a project time frame (e.g. a workshop, a term or a year).

· Choose the school’s role; decide if the school will collect and analyze data, find problem causes, suggest technological solutions, and/or implement solutions. This will depend on curriculum goals and practical constraints.

· Identify and meet with stakeholders and those with the power to implement changes.

· Choose appropriate clients for whom the research will be conducted.

· Form partnerships with businesses, universities, agriculture, government, etc.

· Set up student internships/apprenticeships.

· Determine how the project will fit into the existing school schedule (e.g. one class, one day per week, one course, or several courses) and how the existing schedule will transition into the new one.

4. Create a project plan.

· Form teams, choose leaders, and assign team and individual responsibilities and roles.

· Identify required and available resources (tools, equipment, funds, food, transport).

· Perform a task analysis to divide problems into sub-problems and areas of research.

· Develop a project timetable that allocates time to prioritized and sequenced tasks and sub-tasks.

· Sequence sub-projects to develop a sequence of skills.

· Provide project plan templates or examples that learners can use or modify.

· Define research questions.

· Develop hypotheses about problem causes.

· Predict consequences of possible solutions or interventions.

· Design experiments to test hypotheses.

· Decide what data needs to be gathered.

· Decide how the data will be gathered.

5. Gather data.

· Create or obtain and use resources.

· Research the history of the problem, past efforts, and the current situation, e.g. in textbooks, library books, local newspapers and on the Internet.

· Perform experiments, make observations and measurements, and talk with people.

6. Process data.

· Organize, interpret, synthesize, and summarize data.

· Identify cause-effect relationships (e.g. the causes and impacts of the problem, and who and what it affects how, possibly using a fishbone diagram).

· Determine the degree of importance of the problem.

· Relate local problems with similar regional, national or global problems. (Think globally; act locally.)

· Assess the certainty (accuracy and precision) of data, findings and conclusions.

· Write up findings and conclusions.

7. Communicate and discuss results.

· Present using a variety of media and modes of expression (Gardner).

· Invite appropriate people (e.g. teams, clients and stakeholders) to presentations.

8. Perform summative evaluation (application and closure).

· Reflect and discuss how to improve the next project.

· Choose and store examples from this project to be used in the next project.

· Reflect and discuss how the project experience applies to intended future careers.

· Plan the termination, archival, future continuation or hand-off of the project.

Activities

· These methods can be applied to the above project steps and sub-steps. 

· They can be performed at individual, team and class levels. 

· They should use a variety of locally available media.

· The class can use Merrill’s four phases of learning: Instructors activate prior experience and demonstrate skills, and learners apply the skills in practice exercises before integrating these skills into their real-world project.

Presentations

· Presentations should occur when/as needed, just in time, possibly by student request.

· Use multiple media to supplement lectures.

· Use demonstrations and scientific equipment.

· Use narratives or role plays to illustrate the problem.

· Explicitly point out how science content relates to the real-world problem.

· Get the audience involved in the presentation and require audience participation.

· Use the Socratic dialogue method to produce guided discovery by asking questions to the audience.

Discussions

· Agree on ground rules, expressed as positives and values.

· Brainstorm to generate ideas.

· Debate pros and cons of alternatives or opposing positions.

· Negotiate to reach consensus and make decisions.

· Discuss related economic, political, philosophical and ethical issues as they arise.

Interviews

· Brainstorm questions in advance and practice interview techniques with peers.

· Interview and hold discussions with community leaders and residents to get their opinions.

· Consult with local experts such as scientists, engineers, doctors and technicians in local universities, businesses and governments.

· Discuss interview findings.

Reading and writing

· Use a variety of locally available media and modes of expression (Gardner).

· Relate “textbook” science with the real-world problem.

· Create plans, designs, reports and reflections.

Data observation, recording and processing

· Get real-world data from the community, outdoors, businesses, etc.

· Use locally available tools and resources creatively and cost-effectively.

· Construct apparatus when manufactured equipment is costly or unavailable.

· Perform role plays and build models and simulations to explore the dynamics of the problem.

· Use quantitative and qualitative methods, including tables, graphs, charts, calculations, sketches, diagrams, photos, slides, audio and video, collages, works of art, posters, exhibit booths, narratives, and verbal descriptions.

Formative evaluation (continuing assessment)

· Hold regular meetings to discuss progress, share ideas, and decide next steps.

· Develop and use rubrics and guidelines to measure progress against a standard.

· Give explicit training in self-assessment, self-monitoring and self-regulation.

· Individuals should regularly list their own roles, accomplishments, and future tasks.

· Reflect on plans, methods, procedures, processes, results and impacts.

· Use a variety of media and modes of expression: self, peer and mentor evaluations, reports, journals, discussions, papers, portfolios, etc. (Gardner)
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Further Readings 

(These readings and descriptions were found by searching EBSCOhost ERIC and Academic Search Elite for “science education and community development” and “science education and service learning”.)

Atchia, M. (1986). "Community development through biology teaching". In Layton, David, ed. Innovations in science and technology education. Vol. I. Paris: UNESCO. This publication covers the teaching of the various scientific disciplines, integrated and interdisciplinary science teaching, and education in technology, nutrition and health throughout the world. It emphasizes aspects of science and technology education, such as social relevance, teaching in relation to the local environment and links with industry and agriculture. It also includes the applications of the results of experimental projects and research.

Atchia, M., ed. (1982). Research in community-based biological education. 4 case-studies. Mauritius: International Union of Biological Sciences. Commission for Biological Education. Several case studies of research into the biological needs of communities in developing countries were conducted and two strategies for relating biological education (in both formal and nonformal contexts) to community development were identified. Four of these case studies are presented. They are: (1) "From Biological Knowledge to Community Development" (Abraham Blum), in which a tentative model describing six factors of applying biological knowledge to community development is presented and illustrated in the case study; (2) "Concepts and Perceptions about the Environment of People in an Upland Community" (Dolores Hernandez); (3) "Concept of Health and Aging among Children of a Fishing Community" (Dolores Hernandez); and (4) "Assessment of Community Needs in Mauritius - The Gap between Commonly Believed and Actually Expressed Needs" (Michael Atchia). Each study includes background information, rationale, methodology, results, conclusions, and educational implications. The two strategies for community-based biological education are outlined in the introduction. There is an output model (in which biological knowledge possessed by a small human community is studied, with reference to how this knowledge is used in solving the community's needs) and an input model, which implies an input of biological knowledge into a community to achieve development under one or several aspects.

Barton, Angela Calabrese (1999). Crafting a Multicultural Science Teacher Education: A Case Study. Journal of Teacher Education, Sep/Oct99, Vol. 50 Issue 4, p303, 12p. Presents information a study that explores the role of a community-based service learning project in enhancing the multicultural dimension of preservice education and on the development of preservice teachers crafting a multicultural science teaching practice. Definition of community service learning; Changing views and ideas about multicultural science education; Relationships between science, teaching, society and children.

Boston, Bruce O. "If the Water Is Nasty, Fix It." Educational Leadership v56 n4 p66-69 Dec-Jan 1998-1999. After taking an environmental inventory of their community, seventh-graders in a Denver-area middle school decided to tackle the drinking water problem and fix it. The school is one of seven participating in Earth Force, an environmental and community-service-learning program based in Alexandria, Virginia. The program's progress and six-step process are discussed.  

Brennan, Mairin (1998). Service learning in science takes off. Chemical & Engineering News, 04/27/98, Vol. 76 Issue 17, p46, 1p, 2c. Discusses service learning, a method used by students to gain knowledge by performing a community service, which depends on their academic skills. Association of service learning with chemistry; Introduction of three experiential programs by the American Chemical Society's Education Division in 1995; Comments from Karen McGrady, assistant professor of chemistry who co-developed the project.

Cummings, Lynda; Winston, Michael (1998). Service-based Solutions. Science Teacher v65 n1 p39-41 Jan 1998. Describes the Solutions model used at Shelley High School in Idaho which gives students the opportunity to gain practical experience while tackling community problems. This approach is built on the three fundamentals of an integrated curriculum, a problem-solving focus, and service-based learning. Sample problems include increasing certain trout in local streams and developing new varieties of seed potatoes.  

Enhancing Middle School Science through Community Service: Teacher Impact Evaluation Report. March 20, 1996. Social Science Education Consortium, Inc., Boulder, CO. This report presents the findings of an evaluation of a three-year teacher enhancement project from the Social Science Education Consortium (SSEC). Under this project, middle school teachers were recruited and trained to develop and implement integrated science, social studies, and service-learning units in their classrooms. The project offered two cycles of four-week summer institutes for teacher teams from 12 school districts in Colorado, Arizona, and New Mexico. The project also provided staff site visits and other assistance to teachers during the school year following each institute, and offered financial support for participants to attend a project meeting at the National Service Learning Conference held each spring. Using a standardized interview protocol, SSEC evaluators interviewed 55 teacher participants to determine the project's impact on participating teachers. The evaluators used interview responses to determine the effects of project participation on teachers' instruction, their collaboration with their colleagues and the community, and their beliefs about the impact of service learning projects on students' affective and academic learning. This report presents a summary and analysis of participant responses to the following categories of questions: (1) Participant Information; (2) Summer Institute; (3) Unit Implementation; (4) Team Experience and Dynamics; (5) Administrative Support; (6) Personal Impressions; (7) Future Expansion and Workshop; and (8) SSEC Relations and Follow-up. Conclusions and recommendations for future service learning projects are offered.  

Gallagher, James J.; Hogan, Kathleen (2000). Intergenerational, Community-Based Learning and Science Education. Journal of Research in Science Teaching v37 n2 p107-08 Feb 2000. Contends that science education researchers should devote more time to creating and studying models of intergenerational and community-based science education. Argues that such inquiries have the potential to provoke new thinking that could expand basic conceptions of what it means to learn and practice science.

Helms, Jenifer V. (1998). Science and/in the Community: Context and Goals in Practical Work. International Journal of Science Education v20 n6 p643-53 Jul 1998. Argues that community, field-based, service-oriented projects can be a powerful way to address concerns of scientific literacy. Based on a case study of two ninth-grade students, it is recommended that an ethic of care and responsible action be an exemplar for schools and teachers.  

Hernandez, D. F. (1980). Biology in Community Education: A Philippine Scenario for Lifelong Education. European Journal of Science Education v2 n3 p217-30 Jul-Sep 1980. Describes activities undertaken by a team of science educators in a fishing community in the Philippines to link science education in the schools to the home and community by involving parents in science-related activities, enriching elementary school level science, and raising the level of scientific consciousness in the community.

Ministry of Education, Addis Ababa (Ethiopia), (1998). Workshop on science and technology education and productive work. Final Report. This workshop was organized as a contribution to Ethiopia's human resettlement activities necessitated by the recurrent drought. The objectives of the workshop were to: (1) appraise the relevance of basic rural technologies and identify modalities of their application; (2) develop materials in the fields of biotechnology and basic technology; (3) develop strategies for strengthening and coordinating the activities of the Awraja Pedagogical Centre with community development programs; (4) enable participants to create and tighten links between science and technology educators and the productive occupation of the community; and (5) familiarize participants with the scientific foundation of agricultural practices such as crop protection. Eight session papers are included in this document covering basic irrigation technology, crop protection, work oriented adult education programs, and environmental health services. Resource persons were selected from various ministries which have their own field experts in the settlement areas. Also included are resolutions, addresses, and a list of the participants in the workshop.

Saul, Darin (1999). Service Learning for Environmental Education and Cultural Change. Clearing n105 p18-22 Fall 1999. By getting students out into the community, service learning advances their understandings and their relations to problems through hands-on experience as students actively work to apply knowledge learned in more traditional school settings to problems in the local area.  

The Globe Program. http://www.globe.gov . “Global Learning and Observations to Benefit the Environment (GLOBE) is a worldwide network of students, teachers, and scientists working together to study and understand the global environment. Students and teachers from over 9800 schools in more than 95 countries are working with research scientists to learn more about our planet. GLOBE students make environmental observations at or near their schools and report their data through the Internet. Scientists use GLOBE data in their research and provide feedback to the students to enrich their science education. Global images based on GLOBE student data are displayed on the World Wide Web, enabling students and other visitors to visualize the student environmental observations. GLOBE science and education activities help students reach higher levels of achievement in science and math. GLOBE helps to increase the environmental awareness of all individuals while increasing our scientific understanding of the earth.”

Vogl, Greg (1998). Local Studies Project Proposal.  http://php.indiana.edu/~gvogl/computer/localstp.htm . Using available technological equipment such as computers, students perform research in their local community, process the information, and communicate their results to a varied audience.
Wozniak, Jacci (1996). Mathematics and Science Faculty Service Learning Handbook. January 1, 1996. Resources developed by "Campus Compact," a coalition of over 550 colleges and universities established to create and enhance service learning opportunities for students, are presented in this handbook for mathematics and science faculty. A brief introduction defines service learning and provides a continuum of types of service learning, such as one-day fundraising tasks, class-related assignments, volunteer tutoring, and paid internships. The first section provides sample documents used in administering programs, including a development form for integrating service learning into a course, a reasoning objectives matrix, a student application, a learning hour report, and an evaluation form. The next section underscores the importance of reflection in the service learning process, offering models and guidelines for facilitating reflection among participants. Selected resources are provided in the following section, and a sample analysis of the effects of tutoring on academic achievement. The final section contains sample syllabi designed to assist instructors who wish to integrate a service learning component into their math and science courses.  

Yoong, C. S. Biological Education and Community Development (Institute for Science Education (IPN), Kiel, FR Germany, 2-6 November 1979). European Journal of Science Education v2 n2 p203-05 Apr-Jun 1980. Presents information about the topics and discussion sessions of the Kiel Conference organized by the Commission for Biological Education (CBE) of the International Union of Biological Sciences (IUBS). Outlines the status of biological education for community development in different parts of the world and summarizes project proposals accepted by the conference.
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