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SECTION ONE

NARRATIVES
Philosophy

“People think of science as a body of knowledge, but in truth it’s a process of discovery,” according to Madeleine Nash, a science reporter of Time magazine.  This statement embodies the philosophical foundations of this curriculum.  Science is a process composed of a number of skills.  Application of these skills should lead each child to the discovery of new ideas, understandings, and questions.

A teacher guide, by grade level, has been developed, which delineates what every child should learn from grades K through eight.

The science curriculum has been developed with the intent of providing students with the opportunity to discover new information and construct understandings of the world in which they live.  The program should provide opportunity for students to think critically, solve problems, and apply what they have learned to new situations.  This kind of learning will occur when students are actively involved in the discovery process.  Children should approach tasks, use materials, develop ideas, solve problems, and present conclusions both individually and cooperatively.  As students learn the content of this curriculum, they will be satisfying their natural curiosity about the world around them and making sense of what they see and experience on a daily basis.

In order to implement the curriculum, teachers should be provided with a good supply of hands-on and printed materials in sufficient quantity for every student to participate in the activities, and the technology of today should be readily available and frequently utilized.

It is the intention of the curriculum committee that this program will expose students to a common knowledge about science.  Students will use the scientific method and inquiry-based learning to solve problems and answer questions, and most of all, see the study of science as an adventure that is truly enjoyable and rewarding.

Goals

The Kittatinny Region views science education as a critical element of the total school program.  The curriculum is based on the belief that students must acquire a body of knowledge relating to the various fields of scientific study.  It is also based on the belief that students should learn the processes of science and become familiar with them through first-hand experience.  However, the fundamental thinking behind the curriculum is the implementation of the current New Jersey Core Curriculum Content Standards (NJCCCS).  For these reasons the following goals are presented.

It is the intent of the Science curriculum to:

1. instill in each student a positive attitude toward science.

2. provide students with the knowledge and skills needed to apply problem-solving strategies in the pursuit of answers to scientific questions.

3. provide students with the experiences necessary to develop scientific skills.

4. provide all students with a common background in life, physical, and earth sciences.

5. provide students with a wide range of experiences using diverse scientific resources, including the most current technology available.

6. prepare students to apply scientific learning to real world situations.

7. provide students with hands-on experiences that will enable them to grasp the magnitude and excitement of scientific study.

8. prepare students to work safely with a wide range of materials in a variety of settings.

9. inform students regarding the science-based careers that could be available to them, based on their educational preparation.

General Skills

Students must have a body of knowledge concerning science, but they must also have a well-developed set of science skills.

The following skills relate to the New Jersey Core Curriculum Content Standards and to “Benchmarks and Science Literacy”, a publication of the American Association for the Advancement of Science designed to assist in the development of science curricula.

Skills

As a result of experiencing the Kittatinny Region Science Curriculum, every student should be able to:

1. record and maintain data and information using graphs and journals.

2. use technology, including calculators, computers, video streaming, and the Internet.

3. use specific scientific apparatus and tools (rulers, scales, cylinders, flasks, beakers, thermometers, probes, software packages, computers, calculators, indicators, standard tables, test kits (or procedures), etc.

4. state a problem in the form of a question.

5. make a prediction and/or hypothesis individually or as part of a group.

6. interpret and analyze data.

7. communicate findings through words, charts, graphs, drawing, diagrams, and models.

8. identify evidence and relevant data.

9. identify controls and variables.

10. use the metric system and measurement devices with increasing accuracy and precision.

11. use mathematical skills and concepts in ordering, sorting, identifying, measuring, and describing.

12. select and use appropriate measuring devices.

13. compare and contrast objects, data, observed phenomena and findings.

14. express data in several equivalent forms, including integers, fractions, decimals, and percents.

15. construct and use spreadsheets, graphing, and database programs to assist in quantitative analysis.

16. use computer assisted technology and tools for quantitative analysis.

17. classify objects and phenomena.
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18. make inferences based on data and observations.

19. draw conclusions based on data and observations.

20. use and apply the scientific method:  investigate, identify, describe, experiment.

21. design and create experiments.

This list does not attempt to exhaust all the possible skills that can and should be developed throughout the K-8 science program.  Rather it serves as a guide, delineating those skills that all who teach science must strive to develop in their students.

Time for Science Instruction

Science instruction in the elementary schools requires sufficient attention and time so as to meet the expectations of this curriculum and to enable districts to meet the requirements of the New Jersey Core Curriculum Content Standards.  For these reasons, the following recommendations are included in this curriculum.

1. Districts should strive to schedule the time allocations listed for each of the grade ranges:

a.
K-2
90 minutes per week

30 minutes 3 times per week

b.
3-4
200 minutes per week

40 minutes 5 times per week

c.
5-6
200 minutes per week

40 minutes 5 times per week

d
7-8
200 minutes per week

40 minutes 5 times per week

2. Districts and teachers recognize the need for flexibility to capitalize on those teachable moments when time should not be a constraint.  This concern for flexibility also suggests that the minutes listed above serve as suggestions and not requirements indicating either a minimum or maximum.

3. Teachers, administrators, and district Boards of Education look carefully for opportunities to promote and provide cross-curricular activities.  Technology and science, as well as math and science are obvious examples of opportunities for integrating activities.

It is further recognized that finding sufficient time for instruction may require reconfiguring schedules or patterns of organization within individual schools, and that the accomplishment of such tasks may take time.

Science and Mathematics

Science and mathematics have always been related.  Mathematics is the language of science.  It enables scientific information and data to be quantified.  It permits information to be made precise.  Math provides a means for scientific information to be analyzed, interpreted, and understood by a number of different people.

Students have to know the metric system for measurement in science, be familiar with the tools and instruments for metric measurement, and be able to use these tools with increasing precision as they progress through the curriculum.  They must learn to measure linear distance, weight, and volume.  Students should become familiar with measuring tapes, rulers, and meter sticks, and should be able to use balance scales, thermometers, measuring cups and graduated cylinders.  They also have to use clocks (with sweep hands) and stop watches, and must be experienced with making careful measurements, recording measurements, and making sense out of what the measurements mean.

As part of their math/science experiences, students should collect quantifiable data and record it in an organized manner.  They should have experiences with careful counting, making tally marks, organizing tables, and making charts.  These efforts should grow from pencil and paper tallies to using computer/calculator programs to create databases and spreadsheets.

Recorded and organized data should be graphed to allow students to quickly and visually compare quantities, to demonstrate changes, and to make proportional comparisons.  Students need a variety of opportunities to create bar graphs, line graphs, and circle graphs.  They also need experiences that require them to incorporate tables, charts and graphs into science reports and science presentations.

As students progress through the K-8 program they should be expected to make estimates regarding number, measure and relative magnitude.  They should know when an estimate is sufficient and when precise quantification is required.  Students must use estimation skills to make judgments regarding the likelihood of the accuracy of their measurements or calculations.

Sampling techniques used by scientists when dealing with numbers or populations too large to be quantified through counting or other forms of exact measure should be understood and used by students.  They need experience performing calculations using mental math, paper and pencil computation and calculators.  In addition students should be familiar with and provided opportunities to use computer/calculator programs to create tables and graphs.

Increased skill using mathematics should be an outcome of the science curriculum and through the efforts and communication of teachers, the two curricula can and should be nicely integrated.

Science and Technology

Technology has impacted every element of our lives.  It has certainly impacted the science community.  Technology must play an important role in the science curriculum.  Teachers and students should make use of the technology available within the schools in terms of classroom instruction, research, data collection and organization, reports, and presentations.

Publishers are flooding the educational market with instructional materials and data bases using computer programs, calculators, and CD-ROMs.  The newest of these take advantage of sophisticated graphics techniques and provide excellent informational resources on specific topics or in terms of broad general information resources.  Students should be able to access information using the most current tools of the time.

Software companies offer easy-to-use programs that help students (even young children) collect data, organize it, and publish it as tables, charts, and/or a variety of graphs.  Since data collection, data presentation, and the integration of math and science are stressed in this curriculum, it is only natural that the use of electronic data organizers be encouraged.

Calculators make complex computations easier, quicker, and more accurate.  Students must be encouraged to use calculators whenever practical if they are asked to quantify information or deal with exceptionally large or exceptionally small (decimal) numbers.

We live in the “information age” and the Internet provides great opportunities for students to obtain and share information.  Teachers should take advantage of the tremendous resources that are available “on line” from publishers, science agencies and institutions.  If possible, districts should provide opportunities for students to participate in telecommunication programs that are prepared by organizations like National Geographic, the Smithsonian Institute and others that provide opportunities for students to work on scientific projects with scientists and other students in various locations (other districts in other towns, states or countries).  Students should be encouraged to share science experiences with other students in other locations through e-mail.  So much of the technology available supports the process skills on which this curriculum is founded.

Students should be encouraged to use technology to support their reporting efforts.  Multimedia reports and presentations are quite feasible in the schools in this region, and children should be encouraged to use the available technology in their reporting and presentation assignments.

Technology has developed as a result of scientific advancement.  It is certainly a part of science.  It should be a part of science education from the very beginning and it should be utilized increasingly with time.

Hands-on Science

Throughout the development of this curriculum, science committee members have emphasized the fact that the study of science in the K-8 program should be active for the student.  It should be hands-on and minds-on with students engaged in explorations and problem solving while using a wide range of materials and apparatus in the process of discovering scientific ideas.

The old saying, “I hear and I forget, I see and I remember, I do and I understand”, applies directly to the thinking behind this program.  The word “do” in this saying is the word that should describe what happens regularly in science classes.  The observer of a science class should frequently see students conducting experiments, using measuring devices, collecting and analyzing data, using equipment, working together, speaking to each other, comparing data, discussing results and sharing their findings with the teacher and the rest of the class.

In this curriculum, science process skills are usually as important as content.  A hands-on program provides the opportunity for students to learn science process skills first hand.  Teachers should keep this in mind as they develop lessons and plan activities.  The Science Frameworks document developed by the NJ State Department of Education describes many valuable activities.  The Science Frameworks document is available on the NJDOE website.

Science is not just something that students are to learn.  Science represents a way of learning as well.  It requires that teaching and learning be active and hands-on.

Science and Language Arts

Reading, writing, and oral communication (Language Arts) are vital in the science classroom.  The effective integration of science and language arts is of significant benefit to students, both in strengthening performance and in promoting greater interest in both content areas.  Merging science and language arts provides great promise for the effective teaching of content through improved student meta-cognition and communication.

The science curriculum presents numerous opportunities for students to practice writing.  The process of writing about topics found in the science curriculum should serve to improve students’ writing skills and their understanding of the science topics about which they write.

Staff Development

Many teachers have made significant changes in their classroom management and their techniques for teaching science since the development of the 2006 science curriculum, which is aligned to the NJ Core Curriculum Content Standards.  This 2010 revision emphasizes the same kind of hands-on approach at all grade levels.

Teachers have also indicated an interest in the following kinds of professional development:

1. Grade level meetings with other schools in the cluster to discuss ideas and classroom management.

2. Training, in terms of integrating math, technology, and perhaps even other subject areas with science.

3. Classroom management techniques that allow for the use of a hands-on approach.

4. The opportunity to visit other science classrooms, both in and out of the Kittatinny Region, where an integrated, hands-on, discovery approach is being implemented.

History of Science and Its Importance in the Curriculum

Students should have a historical perspective of scientific progress.  This need and the justification for including science history in the science curriculum are well stated by James Rutherford in Science for All Americans.

There are two principal reasons for including some knowledge of history among the various topics of study in the science curriculum.  One reason is that generalizations about how the scientific enterprise operates would be empty without concrete examples.  Consider, for example, the proposition that new ideas are limited by the context in which they are conceived; are often rejected by the scientific establishment; sometimes spring from unexpected findings; and usually grow slowly, through contributions from many different investigators.  Without historical examples, these generalizations would be no more than slogans, however well they might be remembered.

A second reason is that some episodes in the history of the scientific endeavors are of surprising significance to our cultural heritage.  Such episodes certainly include Galileo’s role in changing our perception of our place in the universe; Newton’s demonstration that the same laws apply to motion in the heavens and on earth; Darwin’s long observations of the variety and relatedness of life forms that led to his postulating a mechanism for how they came about; Lyell’s careful documentation of the unbelievable age of the earth; and Pasteur’s identification of infectious disease with tiny organisms that could be seen only with a microscope.  These stories stand among the milestones of the development of all Western civilization.

The committee believes that the great inventions and inventors have also characterized and directed the course of modern man.  Surely the light bulb, the telephone, the television, and the automobile have changed the course of human direction.  Consequently, the study of the great inventions and the great inventors should play a vital role in this curriculum.
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When trying to decide which episodes from scientific history should be included in a student’s school program, we again turn to Rutherford.  Rutherford suggests that there are ten accounts of significant discoveries and changes that exemplify and impact scientific knowledge.  His list follows:

a. the planetary earth

b. universal gravitation

c. relativity

d. geologic time

e. plate tectonics

f. the conservation of matter

g. radioactivity and nuclear fission

h. the evolution of species

i. the nature of disease

j. the industrial revolution

Obviously there are many other moments in the history of science that are worthy of study and teachers should feel free to explore them whenever they relate to the curriculum or events of the times.

Certainly time has its usual constraint and it will take both efficiency and creativity to find the time to include a sufficient amount of science history in the regular program of study.  Listed below are a few moments, occasions, and avenues for inclusion in the area of science history:

1. When a scientific event or issue is in the news and would be a worthy issue in current events.

2. When a great invention coincides with the topic of study.

3. Through literature and biography.

4. When a major scientific theory is being studied.

5. As independent student reports.

6. Through dramatic presentations or reenactments of great moments, discoveries, or inventions.

Science is a human endeavor involving successes and failures, trials and tribulations.  If we expect students to learn to work and behave as scientists, they have to learn and understand the experiences of those pursuing scientific knowledge throughout the various cultures of the world and throughout the passage of time.

Historical and Cultural Influences in Science

Science has advanced throughout history in every culture in every location.  Men and women of all ages and all backgrounds have made significant contributions to the understanding of the physical, biological and natural world.  It is important that students understand that no one group of people is responsible for scientific advancement.  They should learn and realize that the current level of scientific knowledge is the result of the contributions of many.

As students study the various units of this curriculum, teachers are encouraged to consult the resource sections and locate the names of famous men and women whose accomplishments and achievements are associated with the field.  It is suggested that teachers share stories, biographies, anecdotes and histories of the events surrounding these people.  It is recommended that teachers assign students to research famous people and scientific events, and share their findings with the other students through individual or group presentations.

Teachers are asked to invite people from various vocations related to specific areas of scientific study to visit their classes and speak about their jobs and the training they needed to obtain them.  Teachers should locate women and men from a variety of racial and ethnic backgrounds to share information related to their science-related careers.

Activities, Experiments and Demonstrations

The intention of the science committee is to have this curriculum provide students with a program that is rich in hands-on and minds-on activities.  It is also expected that the curriculum will engage students through scientific experiments.

The terms “activity” and “experiment” should be clarified.

Activity:  An activity is any action that involves the students in a directed effort to learn a concept, enhance an understanding, or develop a skill.

The activity may be conducted by the teacher, a student, or a group of students with the rest of the class viewing the procedure.  This kind of activity is called a demonstration and there may be times when a demonstration is necessary, however, it should not be the dominant or even frequent mode of activity.

The most prevalent form of activity should be the kind that allows for every child, individually or in small groups, to directly interact with materials and equipment as well as record and analyze the resulting data.

Experiment:  Although students and teachers often refer to any activity in science class, including demonstrations, as an experiment, only those activities that include a question, a test, and interpreted results should be referred to as an experiment.  All students, whether acting individually or in small groups, should participate in experiments.

The science program should be activity based.  This means that most science classes should involve students as participants in science activities, including experiments.  This should be considered to mean that almost all science classes are active and engage the students.

Evaluation and Assessment

All curricula should be evaluated on a regular basis using a variety of instruments and methods.  Students must be assessed continuously as teachers make instructional decisions and evaluate student progress.  The evaluation of the program and the assessment of the students are vital components of this science curriculum.

Program Evaluation

The science curriculum can and should be evaluated in a variety of ways by a variety of people.  The evaluation must be based on feedback that reflects the basic premises of the program.  Feedback should come from:

a. teachers

b. administrators

c. parents

Teachers, administrators, and committee members should review test scores on NJ Standardized science tests.  The Science Curriculum Committee should consider this data when it meets and makes recommendations for any curriculum changes.

Periodically, teachers from the elementary schools should meet with representatives of the seventh and eighth grade to determine whether there appears to be any indication that students are developing the skills and gaining the understandings targeted by the curriculum.  Any concerns raised should be discussed with the Administration.

The results of the evaluation of the program should be considered when staff development plans are made.

Progress should be considered as positive when most of the parties involved in the evaluation report affirm that the program is meeting its goals and objectives, and when test results demonstrate a high level of achievement and/or steady upward movement.

Student Assessment

The assessment of student progress should be ongoing, using a variety of measures (traditional and alternative) that focus on the students’ understanding of the content, their ability to apply science skills, and their overall familiarity with the processes of science.

Tests and quizzes will also be used.  Any assessment of class work or homework will be included in student assessment.
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Efforts will be made to assess students using methods currently referred to as “alternative assessments”, such as, but not necessarily limited to:

a. assigned experiments

b. student-designed experiments

c. drawings, diagrams, and models

d. lab reports

e. written and multi-media reports

f. teachers’ observations

g. teacher interviews

h. student portfolios

i. computer-based assessment tools

j. journals

k. projects

l. application of mathematics skills, including measuring, graphing, calculating, etc.

Local District Decision Making and Flexibility

This regional science curriculum has been developed with the hope that all students in the Kittatinny Region will have a common background of knowledge, skills, and experiences in science education.  Our intention is that all students will study the same science content and develop the same science skills.  However, one must recognize that every district is unique, having different resources or staff and community members with special skills or talents that may impact when a specific area of the curriculum is studied.  For this reason, local districts should feel free to move any area of study from one grade level to another to take advantage of conditions that will improve the experiences of the students as long as the change will not put the students at a disadvantage when taking state-mandated tests.

Curricula evolve over time as a result of changing attitudes, new innovations, new materials, and local efforts regarding staff development.  Positive change often occurs when individual teachers try new approaches or test new materials or put into practice newly learned techniques.  Experimentation should be encouraged and teachers should feel free to expand on particular units of study or move a particular unit of study in an interesting or exciting new direction.  Teachers should try out new materials and share their findings with their colleagues, while at the same time keeping a close watch on the written and adopted curriculum, and thus the NJCCCS.

Lab Report Format
Experimenting, recording, and analyzing data, drawing conclusions, inferring, and making decisions are essential skills developed through experiencing the study of science.  For this reason, students are required to complete reports when applicable and helpful to their skill development.  It is expected that students will complete lab reports on a regular basis at all grade levels.

To establish uniformity throughout the Kittatinny region, a common lab report format has been established, beginning in kindergarten and continuing through grade eight.  The nature and the substance of the lab reports vary by grade level.

A description of the lab reports for the various grade levels follows.

Kindergarten Lab Reports

When applicable, kindergarten students and their teachers will discuss science activities or experiments and results.

Descriptions of the activity and the results will be recorded on experience chart paper.  No specific format has been established for kindergarten.

Kindergarten teachers are encouraged to provide opportunities for students to report their results through individual drawings, when appropriate.

Whatever the nature of the report, the regular recording of information, data, and results should occur often.

EXPERIENCE CHART PROCEDURE – GRADES 1 & 2

(Collaborative group format for scientific investigation)

DESCRIPTION/OBSERVATION:  (shape, color, texture, size, utilization of five senses)

Beginning of the year – draw pictures

Middle of the year – add key words

End of the year – write observations on the back of the page

	We started with:


	We predict:
	This is our result:


Grades 3-6 Lab Reports
10-STEP LAB FORMAT

Cover Page:
Name:  _____________________________  Date:  ​​​​_______  Teacher:  _______________________

Title:

Name of Lab

Purpose:
Purpose - why are you doing the lab?

Hypothesis:
If…, then… statement (make your own guess)



Use no Pronouns

Materials:
List of equipment and supplies

Procedure:
NUMBERED direction steps    1…………………



(you may paraphrase and
  2…………………



shorten these directions)           3…………………

Data:

Information you are asked to record; may be listed in a data table, graph, or picture.  

Label all diagrams.

Observation:
What you saw, heard, or smelled; what happened during the lab.  Report all changes.

Analysis:
Restate the question and answer.



Use complete sentences.



The use of computers is encouraged.

Conclusion:
State what was learned through the lab.  



State whether the hypothesis was accepted or rejected, and WHY.



Use no Pronouns

KRHS – Grades 7-8
10-STEP LAB FORMAT

Cover Page:
Name:  ___________________________________  Date:  ​​​​_______________  Period:  ________

Title:

Name of Lab

Purpose:
Purpose-why are you doing the lab?

Hypothesis:
If…, then… statement (make your own guess)



Use no Pronouns
Materials:
List of equipment and supplies

Procedure:
NUMBERED direction steps    1…………………



(you may paraphrase and
  2…………………



shorten these directions)           3…………………

Data:

Information you are asked to record; may be listed in a data table, graph, or picture.  

Label all diagrams.

Observation:
What you saw, heard, or smelled; what happened in the lab.  Report all changes.

Analysis:
Restate the question and answer.



Use complete sentences.



The use of computers is encouraged.

Conclusion:
State what was learned through the lab.  



State whether the hypothesis was accepted or rejected and WHY.



Use no Pronouns
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