The following Massachusetts Curriculum Framework concept standards may be taught
within the context of Solar Photovoltaic Alternative Energy Technology.
Scientific Inquiry Skills and Standards
SIS1. Make observations, raise questions, and formulate hypotheses.




Observe the world from a scientific perspective.
Pose questions and form hypotheses based on personal observations, scientific articles,
experiments, and knowledge.
Read, interpret, and examine the credibility and validity of scientific claims in different sources of
information, such as scientific articles, advertisements, or media stories.

SIS2. Design and conduct scientific investigations.










Articulate and explain the major concepts being investigated and the purpose of an investigation.
Select required materials, equipment, and conditions for conducting an experiment.
Identify independent and dependent variables.
Write procedures that are clear and replicable.
Employ appropriate methods for accurately and consistently
o making observations
o making and recording measurements at appropriate levels of precision
o collecting data or evidence in an organized way
Properly use instruments, equipment, and materials (e.g., scales, probeware, meter sticks,
microscopes, computers) including set-up, calibration (if required), technique, maintenance, and
storage.
Follow safety guidelines.

SIS3. Analyze and interpret results of scientific investigations.








Present relationships between and among variables in appropriate forms.
Represent data and relationships between and among variables in charts and graphs.
Use appropriate technology (e.g., graphing software) and other tools.
Use mathematical operations to analyze and interpret data results.
Assess the reliability of data and identify reasons for inconsistent results, such as sources of error
or uncontrolled conditions.
Use results of an experiment to develop a conclusion to an investigation that addresses the initial
questions and supports or refutes the stated hypothesis.
State questions raised by an experiment that may require further investigation.

SIS4. Communicate and apply the results of scientific investigations.







Develop descriptions of and explanations for scientific concepts that were a focus of one or more
investigations.
Review information, explain statistical analysis, and summarize data collected and analyzed as
the result of an investigation.
Explain diagrams and charts that represent relationships of variables.
Construct a reasoned argument and respond appropriately to critical comments and questions.
Use language and vocabulary appropriately, speak clearly and logically, and use appropriate
technology (e.g., presentation software) and other tools to present findings.
Use and refine scientific models that simulate physical processes or phenomena.

Mathematical Skills









Construct and use tables and graphs to interpret data sets.
Solve simple algebraic expressions.
Perform basic statistical procedures to analyze the center and spread of data.
Measure with accuracy and precision (e.g., length, volume, mass, temperature, time)
Convert within a unit (e.g., centimeters to meters).
Use common prefixes such as milli-, centi-, and kilo-.
Use scientific notation, where appropriate.
Use ratio and proportion to solve problems.

Chemistry
1. Properties of Matter
Central Concept: Physical and chemical properties reflect the nature of the interactions between
molecules or atoms, and can be used to classify and describe matter.
1.1 Identify and explain physical properties (e.g., density, melting point, boiling point, conductivity,
malleability) and chemical properties (e.g., the ability to form new substances). Distinguish
between chemical and physical changes.
1.2 Explain the difference between pure substances (elements and compounds) and mixtures.
Differentiate between heterogeneous and homogeneous mixtures.
2. Atomic Structure and Nuclear Chemistry
Central Concepts: Atomic models are used to explain atoms and help us understand the interaction of
elements and compounds observed on a macroscopic scale.
2.4 Write the electron configurations for the first twenty elements of the periodic table.
3. Periodicity
Central Concepts: Repeating (periodic) patterns of physical and chemical properties occur among
elements that define families with similar properties. The periodic table displays the repeating patterns,
which are related to the atoms’ outermost electrons.
3.1 Explain the relationship of an element’s position on the periodic table to its atomic number.
Identify families (groups) and periods on the periodic table.
3.2 Use the periodic table to identify the three classes of elements: metals, nonmetals, and metalloids.
3.3 Relate the position of an element on the periodic table to its electron configuration and compare
its reactivity to the reactivity of other elements in the table.
3.4 Identify trends on the periodic table (ionization energy, electronegativity, and relative sizes of
atoms and ions).
4. Chemical Bonding
Central Concept: Atoms bond with each other by transferring or sharing valence electrons to form
compounds.
4.1 Explain how atoms combine to form compounds through both ionic and covalent bonding.
Predict chemical formulas based on the number of valence electrons.
4.2 Draw Lewis dot structures for simple molecules and ionic compounds.

Physics
2. Conservation of Energy and Momentum
Central Concept: The laws of conservation of energy and momentum provide alternate approaches to
predict and describe the movement of objects.
2.1 Interpret and provide examples that illustrate the law of conservation of energy.
2.4 Describe both qualitatively and quantitatively the concept of power as work done per unit time.
5. Electromagnetism
Central Concept: Stationary and moving charged particles result in the phenomena known as electricity
and magnetism.
5.1 Recognize that an electric charge tends to be static on insulators and can move on and in
conductors. Explain that energy can produce a separation of charges.
5.2 Develop qualitative and quantitative understandings of current, voltage, resistance, and the
connections among them (Ohm’s law).
5.3 Analyze simple arrangements of electrical components in both series and parallel circuits.
Recognize symbols and understand the functions of common circuit elements (battery,
connecting wire, switch, fuse, resistance) in a schematic diagram.
5.4 Describe conceptually the attractive or repulsive forces between objects relative to their charges
and the distance between them (Coulomb’s law).
5.5 Explain how electric current is a flow of charge caused by a potential difference (voltage), and
how power is equal to current multiplied by voltage.
6. Electromagnetic Radiation
Central Concept: Oscillating electric or magnetic fields can generate electromagnetic waves over a wide
spectrum.
6.1 Recognize that electromagnetic waves are transverse waves and travel at the speed of light
through a vacuum.
6.2 Describe the electromagnetic spectrum in terms of frequency and wavelength, and identify the
locations of radio waves, microwaves, infrared radiation, visible light (red, orange, yellow,
green, blue, indigo, and violet), ultraviolet rays, x-rays, and gamma rays on the spectrum.
Technology/Engineering
Energy and Power Technologies
4.4 Identify and explain alternatives to nonrenewable energies (e.g., wind and solar energy conversion
systems).
5.1 Explain how to measure and calculate voltage, current, resistance, and power consumption in a
series circuit and in a parallel circuit. Identify the instruments used to measure voltage, current, power
consumption, and resistance.
5.2 Identify and explain the components of a circuit, including sources, conductors, circuit breakers,
fuses, controllers, and loads. Examples of some controllers are switches, relays, diodes, and variable
resistors.
5.3 Explain the relationships among voltage, current, and resistance in a simple circuit, using Ohm’s
law. (Note that students may investigate the properties of solar cells and/or modules independent
of any load (resistor), by characterizing the short circuit current (essentially zero resistance) and
open circuit voltage (infinite resistance).

Earth and Space Science
1. Matter and Energy in the Earth System
1.1 Identify Earth’s principal sources of internal and external energy, such as radioactive decay,
gravity, and solar energy.
1.2 Describe the characteristics of electromagnetic radiation and give examples of its impact on life
and Earth’s systems.
1.3 Explain how the transfer of energy through radiation, conduction, and convection contributes to
global atmospheric processes, such as storms, winds, and currents.
1.4 Provide examples of how the unequal heating of Earth and the Coriolis effect influence global
circulation patterns, and show how they impact Massachusetts weather and climate (e.g., global
winds, convection cells, land/sea breezes, mountain/valley breezes).
1.5 Explain how the revolution of Earth around the Sun and the inclination of Earth on its axis cause
Earth’s seasonal variations (equinoxes and solstices).
2. Energy Resources in the Earth System
Central Concepts: Energy resources are used to sustain human civilization. The amount and accessibility
of these resources influence their use and their impact on the environment.
2.1 Recognize, describe, and compare renewable energy resources (e.g., solar, wind, water, biomass)
and nonrenewable energy resources (e.g., fossil fuels, nuclear energy).
2.2 Describe the effects on the environment and on the carbon cycle of using both renewable and
nonrenewable sources of energy.

