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Scientific Investigation Essential Knowledge and Skills

  This provides a list of Essential Knowledge and Skills that the student must master in order to be successful taking the Virginia SOL Test that will be administered at the end of the course.

The student should check off each line item as their knowledge level is achieved.  If at ANY TIME the student is having difficulty understanding the material, it should be brought to my attention immediately so that the difficulty can be overcome.                   

Virginia Standard: ES.1a, b, c, d, e

The student will plan and conduct investigations in which

Key Concepts:

a. volume, area, mass, elapsed time, direction, temperature, pressure, distance, density, & changes in elevation/depth are calculated utilizing the most appropriate tools

b. technologies, including computers, probe ware, and global positioning systems (GPS), are used to collect, analyze, and report data and to demonstrate concepts and simulate experimental conditions.

c. diagrams, charts, graphs, and tables are constructed and interpreted

d. variables are manipulated with repeated trials

e. a scientific viewpoint is constructed and defended (the nature of science).
Virginia Standard: ES.2 a, b, c, d, e


The student will demonstrate scientific reasoning and logic by

Key Concepts:

a. analyzing how science explains and predicts the interactions and dynamics of complex Earth systems;

b. recognizing that evidence is required to evaluate hypotheses and explanations;

c. comparing different scientific explanations for the same observations about the Earth;

d. explaining that observation and logic are essential for reaching a conclusion; and

e. evaluating evidence for scientific theories. 

Essential Knowledge/Skills

This section has been taken directly from the SOL Framework and contains information and skills that teachers are required to teach and students must master to be successful on the state SOL tests.

Knowledge:

There is no knowledge for this unit.

Skills:  ES.1

a. Measure mass and volume of materials in the lab.

b. Calculate density.

c. Interpret data from a graph or table that shows change in mass, density, or temperature over time.

d. Interpret data from a graph or table that shows change in temperature or pressure with depth.

f. Construct a graph, table, chart, and/or diagram from data.

g. Interpret graphs and diagrams.

h. Use scientific methodology to design and test a hypothesis.

i. Compare and contrast hypotheses, theories and scientific laws. For example, students should be able to compare/contrast the Law of Superposition and the Theory of Plate Tectonics.

Skills:  ES.2

a. Make predictions using scientific data and data analysis.

b. Use data to support or reject a hypothesis.

c. Explain how the scientific method is used to validate scientific theories.


Essential Understandings

This section has been taken from the SOL Framework. It is important that teachers and students have a complete understanding of all of the concepts listed.

· Density expresses the relationship between mass and volume

· Information and data collected can be organized and expressed in the form of charts, graphs, and diagrams.

· Changing relevant variables will generally change the outcome.

· A hypothesis can be supported, modified, or rejected based on collected data. Hypotheses are tentative explanations that account for a set of facts and can be tested by further investigation.

· Experiments are designed to test hypotheses.

· Scientific laws are generalizations of observational data that describe patterns and relationships. Laws may change as new data become available. 

· Scientific theories are systematic sets of concepts that offer explanations for observed patterns in nature. Theories provide frameworks for relating data and guiding future research. Theories may change as new data become available.

· Earth is a dynamic system, and all atmospheric, geological, and oceanographic processes interrelate and influence one another.

· Conclusions are only as good as the quality of the collected data.

· Any valid hypothesis can be tested.

· Any valid scientific theory has passed tests designed to invalidate it.
· There can be more than one explanation for any phenomena.

SOL Vocabulary

These terms were taken directly from the SOL Framework. It is important that teachers and students have a complete understanding of all of the words listed.
area – a flat piece of ground or open space; the surface of a solid measured as length multiplied by width

chart – an outline map on which special data can be plotted; a sheet presenting data in graph or tabular form

conclusion – an answer to a question based on analyzing data and observations gathered in an experiment

controlled conditions – a list of all of the things that the experimenter made sure were kept the same during the experiment. Note - everything should be the same except the independent variable.

data – recorded observations and measurements

density – the mass per unit volume of a substance

dependent variable – factor in an experiment that changes as a result of the change in the variable which the experimenter changes (independent variable)
depth – the extent, measurement, or dimension downward, backward, or inward diagram – a plan, sketch, drawing, or outline designed to explain or demonstrate how something works or to clarify the relationship between the parts of a whole

direction – a description of how to get to a location; north, south, east, west

distance – the length of a line segment joining two points

elapsed time – the measured duration of an event

elevation – the height above sea level 

experiment – a test designed to demonstrate the validity of a hypothesis

global positioning system (GPS) – a system that determines latitude and longitude by calculating the time difference for signals from different satellites to reach a receiver on Earth

graph – a pictorial device for displaying numerical relationships

hypothesis – proposed solution to a scientific problem

independent variable – factor in an experiment which the experimenter changes

law – summarizing statement of observed experimental facts that have been tested many times and is generally accepted as true

mass – the measure of a body’s resistance to acceleration and may be expressed in mass units such as kilograms

observation – the act of making and recording a measurement

phenomenon – an occurrence or fact directly perceptible by the senses

prediction – a logical assertion or affirmation made before hand and based on knowledge

pressure – force applied over a surface and measured by force per unit area

probe ware – instruments that can be connected to computers or graphing calculators for the purpose of measuring and collecting data 

procedure – steps that are followed during an experiment

purpose – reason for conducting an experiment

results – the data collected during an experiment expressed in paragraph form

scientific method – a process in which a series of experimental steps are followed in order to solve problems

table – a chart consisting of columns and rows used to display data

technology – the application of science especially to commercial or industrial objectives including the methods and materials used to achieve such objectives

temperature – a measure of the rate of atomic or molecular motion in a substance

theory – logical explanation for events that occur in nature for the variable being tested

volume – the size or extent of a three dimensional object or region in space; the capacity of such a region or of a specified container

Additional Related Vocabulary
The following terms are related to this unit and may be taught to help develop a better understanding of the topic.

Earth systems – the system involving continuous interaction of the solid Earth, the atmosphere, the oceans, and living things

resources – materials from the earth; may be renewable or nonrenewable

triangulation – a surveying technique in which a region is divided into a series of triangular elements based on a line of known length so that accurate measurements of distances and directions may be made by the application of trigonometry

x-axis – the horizontal axis on a line or bar graph; usually reserved for the independent variable 

y-axis – the vertical axis on a line or bar graph; usually reserved for the dependent variable 

