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STATEMENT OF PURPOSE 
 

Conceptual Chemistry is designed to challenge and stimulate the intellect of the motivated science student in grades 10, 11, or 12. The course enables 
the students to learn the principles of chemistry through experimentation, observation, and problem-solving. Descriptive and theoretical concepts weave 
current social issues and career opportunities into the program. The course provides the tools needed to function as a chemically literate citizen. 

 
Since a strong knowledge and understanding of mathematic principles is required to be successful in chemistry, students need to be proficient in 
exponential notation, significant figures, dimensional analysis, plotting graphs, reading graphical information, and using algebraic functions to solve 
problems. 

 
The students will obtain a broad overview of the principles of chemistry. They will learn about the chemical reactivity of elements and compounds, 
convey the importance of a field that boasts a lively history along with a highly dynamic future, as students gain an understanding of the fragile 
chemical world we live in. 

 
Students will acquire valuable problem solving, and critical thinking skills, which can be used for further study at the college level, for employment, and/or 
personal use. 
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RATIONALE 

 
Conceptual Chemistry is a full year course open to sophomores, juniors and seniors who exhibit highly proficient math skills and who are seeking a 
challenging scientific experience. This course is aligned with the New Jersey Student Learning Standards (NJSLS) for Science (also known as the Next 
Generation Science Standards), the New Jersey Student Learning Standards for Technology and the 21st Century Career Ready Practices. Using a variety 
of materials and resources, the course reinforces and augments the educational skills of scientific interpretation, problem- solving, critical analysis, and 
technology research. District initiatives in assessment and critical reading and writing are also being emphasized. 

 
 
 
 

THE LIVING CURRICULUM 

Curriculum guides are designed to be working documents. Teachers are encouraged to make notes in the margins. Written comments can serve as the 
basis for future revisions. In addition, the teachers and administrators are invited to discuss elements of the guides as implemented in the classroom and to 
work collaboratively to develop recommendations for curriculum reforms as needed. 

 
 
 
 
 
 

AFFIRMATIVE ACTION 

During the development of this course of study, particular attention was paid to material, which might discriminate on the basis of sex, race, religion, 
national origin, or creed. Every effort has been made to uphold both the letter and spirit of affirmative action mandates as applied to the content, the texts 
and the instruction inherent in this course. 
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GENERAL GOALS 

The students will use the basic tools of chemistry to study significant conceptual principles while utilizing specific mathematical techniques. This will 
enable the students to: 

 
o learn the structure and arrangement of the elements in the periodic table in order that their properties might be presented and 

predictions made. 
o learn the principles of chemical bonding to derive the 3-D structures of molecules. 
o learn the behavior of the states of matter. 
o learn the principles of reactivity including the rates of chemical processes along with the factors controlling the rates. 
o learn about acid and base reactions. 
o learn how thermodynamics can be used to tie together chemical equilibrium. 
o learn how environmental issues are tied to the field of chemistry. 
o develop a critical sense of wonder and curiosity about scientific and technological endeavors. 
o use science and technology to acquire new knowledge and solve problems, so that they may improve the quality of their own lives 

and the lives of others. 
o develop critical thinking skills with which to address science-related societal, economic, ethical and environmental issues. 
o build a solid foundation of scientific skill and knowledge that will provide opportunities for them to pursue progressively higher levels 

of study, for science-related occupations, and engages them in science-related activities appropriate to their interests and abilities. 
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EVALUATION / ASSESSMENT 
 
 

MARKING PERIOD GRADES 
 

Long and Short Term Assessments which may include: 90% 

• Tests, quizzes, and/or worksheets 
• Authentic assessments 
• Technology applications 
• Projects, reports, presentations 
• Laboratory investigations 
• Data Analysis 
• Analysis of assigned readings 

 
 

Daily Assessments which may include: 10% 

• Active engagement in class activities 
• Demonstration of knowledge and understanding of course material 
• Skills and safety practices during lab investigations 
• Do Now/Exit Questions 
• Homework 

 

 
FINAL GRADE 

Full Year Course 
• Each marking period shall count as 

20% of the final grade (80% total). 

 
The midterm and final assessments will each count as 10% of the final grade (20 % of the 
student final grade in total. 
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GENERAL PERSONAL SAFETY 

The science classroom is potentially the most dangerous place in the school. However, this need not constitute a serious threat if the teacher and 
students have a thorough knowledge of the potential hazards, exercise prudent care and foresight, and use common sense. Accident prevention must 
be included in the performance of every task, and safety instruction must be an integral part of the overall science program. 

 
• Precautions should be taken to protect those in the classroom from injury from hot or corrosive materials. 

o In order to reduce the danger from caustic or hot liquids, students and teachers handling such materials should wear protective 
aprons (plastic or neoprene), goggles, and should roll sleeves (which can absorb the liquid), tightly to above the elbow. 

o Students should never be permitted to work with concentrated acids or bases or with boiling water while seated. 
o Burns from either hot or caustic materials should be flooded immediately and for at least ten minutes with copious amounts of cold 

water. Following flooding of the bum, the victim should be escorted to the school nurse as quickly possible. Clothing which has 
absorbed caustic materials should be removed as soon as feasible. The school nurse should be called immediately. 

 
• High-speed devises such as mechanical rotators, electric drills, fans, etc., should never be operated with protective shields removed or opened. 

Goggles must be worn. 
 

• Eating anything in the laboratory should be prohibited since it entails an intolerable hazard from toxic or possible infectious materials. 
 

• Cleanliness and order should be maintained. 
o Extraneous objects should be moved from work surface. 
o Glassware and other hardware should be maintained in a clean condition. Chemical or biological residues may constitute a reactive hazard. 
o Students should be required to thoroughly wash their hands with soap and water following a laboratory session. 

 
• There are several devices for protecting students and instructors against the corrosive or toxic effects of chemical reagents. 

o Aprons should be worn by all students working in a laboratory, especially when working with corrosive reagents. 
o Gloves should be worn by students when working with concentrated corrosive reagents. Gloves have a tendency to reduce dexterity, which 

may be a hazard in itself. Gloves are generally rubber or plastic. 
o Long hair can be a serious hazard in the laboratory and should be covered or contained. Fire and reduced visibility are just two of the 

hazards that result from long hair. 
o Loose clothing is another potential hazard in the laboratory. Loose clothing is less controllable than tight-fitting clothing. Glassware can 

be knocked off benches, clothes can come into contact with open flame, and manual dexterity can be reduced. 
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• In a demonstration experiment using any flammable liquid such as alcohol, care must be taken to ensure that any flame in the room is a safe 
distance from the volatile liquid. 

 
• Demonstrations involving explosive or potentially explosive substances must be so arranged as to shield everyone from any danger. Use the safety 

shield to protect observers and the face shield and goggles to protect the demonstrators. Size of apparatus and quantities of reagents used in a 
demonstration should be consistent with safe practice. 

 
• Observers should be evacuated from seats directly in front of the demonstration table, even if the possibility is remote that injury to them might 

occur from splattering of chemicals, inhalation of fumes, etc. 
 

• All persons performing science activities involving hazards to the eyes must wear approved eye protection devices. All persons in dangerous 
proximity must likewise be equipped. 

 
• Chemicals should never be tasted (or placed on the tongue or lips), nor should laboratory glassware be used as drinking vessels. 

 
• Sandals and open-toe shoes should not be permitted in laboratory areas unless they have a protective covering. 
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PARSIPPANY-TROY HILLS TOWNSHIP SCHOOLS 
COURSE PROFICIENCIES 

 
Course: SCN300                                                                                                                  Title:  CONCEPTUAL CHEMISTRY  

In accordance with district policy as mandated by the New Jersey Administrative Code and the New Jersey Student Learning 
Standards and Common Core State Standard Connections, the following are proficiencies required for the successful completion 
of the above named course. 

 
The student will: 

 
1. demonstrate the ability to work collaboratively and safely conduct chemical investigations. 
2. understand the power of observation and how it is used to formulate scientific laws and theories. 
3. demonstrate an understanding of scientific measurement. 
4. identify the location, charge, and relative mass of each subatomic particle (electron, neutron, proton). 
5. describe the development of the modern atomic theory, including basic knowledge of key scientists and their experiments. 
6. understand products of nuclear decay.  Explain the basic difference between a fission reaction and a fusion reaction. 
7. discuss the concept of half-life. 
8. discuss and explain the contributions of Mendeleev and Moseley in the creation and development of the modern periodic table. 
9. identify and describe the arrangement of elements on the periodic table. 
10. predict the trends in metallic character, atomic radius, first ionization energy, reactivity and electronegativity within a group or period of 

elements. 
11. predict and write the electron configuration for an element given its position in the periodic table: 
12. describe the 7 types of electromagnetic radiation and be able to compare them in terms of relative wavelength, frequency, and energy. 
13. predict and explain the number and types of bonds formed (i.e. ionic, polar covalent, covalent metallic) by an element and between elements as 

determined by valence electrons and electronegativity. 
14. name and write chemical formulas for ionic and molecular compounds 
15. model the molecular structure of various pure substances, and be able to predict VSEPR geometry and polarity of the molecule. 
16. define matter, differentiate between solid, liquid, and gas, and read and interpret a phase diagram. 
17. differentiate between pure substances/mixtures, elements/compounds, homogeneous/heterogeneous mixtures. 
18. calculate density given mass and volume, or calculate relationships between density, mass, and volume. 
19. demonstrate an understanding of Avogadro’s number and the mole in terms of mass, particle number and volume as it relates to atoms and 

molecules. 
20. calculate the percent composition of each element in a compound. 
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21. classify, write, and balance selected chemical equations, including translating a word equation into a chemical equation using symbols and 
formulas. 

22. qualitatively differentiate between an endothermic and exothermic reaction. 
23. demonstrate their understanding of stoichiometric relationships in given chemical reactions. 
24. describe how temperature, concentration, surface area, catalyst and inhibitor affect the rate of a reaction. 
25. Interpret a potential energy diagram: 
26. explain fundamental properties of ideal gases based on kinetic molecular theory. 
27. explain how pressure, temperature, volume, number of particles and intermolecular forces affect the behavior of a gas. 
28. given a set of conditions, use the most appropriate mathematical equation to calculate a change in P, T, V. 
29. understand the nature of energy as it related to chemical reactions 
30. Use specific heat capacity to explain changes in temperature of a substance. 
31. understand the quantitative and qualitative aspects of solution chemistry. 
32. identify the use of colligative properties in real-life phenomena. 
33. demonstrate a knowledge of the various acid-base definitions. 
34. determine the pH, pOH and molarity of acidic and basic solutions. 
35. define and explain dynamic equilibrium. 
36. apply Le Chatelier’s principles to determine the direction the equilibrium will shift. 
37. Write equilibrium expressions for a chemical reaction that illustrate both the reversibility and effect of stress. 
38. Demonstrate a knowledge of the various acid-base definitions. 
39. Determine the pH, pOH and molarity of acidic and basic solutions. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SCN300 CONCEPTUAL CHEMISTRY I 12 
 
 
 
 

I. SCIENTIFIC INVESTIGATION AND SAFETY 
 

Essential Question(s): a) What are the necessary components of a safe Chemistry laboratory experience? 

Enduring Understanding(s): a) Investigation is prominent in any Science course and crucial to the expansion of our knowledge. Safety in 
these investigations is of critical importance as the materials being used in a Chemistry lab are potentially 
quite dangerous. A thorough understanding of, and respect for, safety guidelines are vital to a successful 
Science experience.  Safety guidelines are designed to prevent accidents from occurring, and yield quality 
results. 

 

SCIENTIFIC INVESTIGATION AND SAFETY 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/
ASSESSMENT 

TEACHE
R NOTES 

The student will be able to:  Students will:   
1. Demonstrate the ability to work 

collaboratively and safely 
conduct chemical investigations. 

HS-ETS1-2 
RST.11-12.4,6,7 
SEP 1-8 
CRP2,3,4,5,6,8 

• Thoroughly review and discuss 
safety guidelines in a Science 
classroom. Carefully read and 
sign a safety contract, keeping 
a copy in their work folder for 
easy reference. 

• Use the contents of a “black  
box” to conduct an 
experiment which forms and 
tests hypotheses. 

Signed Safety contract 
 
 

Experimental design, safety 
awareness and collaborative 
nature will be assessed using 
teacher- designed rubric, and 
continuously assessed 
throughout the year. 

 

2. Understand the power of 
observation and how it is used to 
formulate scientific laws and 
theories. 

HS-ETS1-2 
RST.11-12.4,6,7 
SEP 1-8 
 

• Use power of observation and 
deductive reasoning to 
determine the internal 
configuration of a sealed box. 

Collaboration, safety 
awareness and ability to 
make useful observations will 
be assessed during this 
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SCIENTIFIC INVESTIGATION AND SAFETY 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY 
EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
  • Create a chromatogram to 

separate the various colors in 
an ink sample. 

activity, and consistently 
through the school year. 

 

3. Demonstrate an understanding of 
scientific measurement. 

HSN-Q.A.1 
HSN-Q.A.3 

• Estimate the mass and 
volume of various lab 
objects, and then measure 
the actual quantities. This 
data will then be collected 
on the computer and 
graphed as a comparison of 
actual vs. estimated value. 

• Solve a series of problems 
designed to strengthen their 
measurement skills   

Accuracy of measurements, 
safety awareness , 
collaboration and ability to 
make useful observations will 
be assessed during this 
activity, and consistently 
through the school year 

 

 
  



SCN300 CONCEPTUAL CHEMISTRY I 14 
 

II. ATOMIC STRUCTURE  
 

Essential Question(s): a) How can one explain the structure, properties, and interactions of matter. 

Enduring Understanding(s): a) The chemical elements are fundamental building materials and all matter can be understood in terms of 
atoms.  Each element has characteristic properties. 

 
ATOMIC STRUCTURE  

 
PROFICIENCY / OBJECTIVE 

 
Standards 

 
SUGGESTED ACTIVITY EVALUATION/ 

ASSESSMENT 
TEACHER 

NOTES 

The student will be able to:  Students will:   
4.    Identify the location, charge, 

and relative mass of each 
subatomic particle (electron, 
neutron, proton). 

 
a) Predict the number of 

protons, electrons, and 
neutrons in a neutral atom 
and ion. 

 

HS-PS1-1 
HS-ETS1.C 
CRP2,3,4,8,12 
RST.9- 10.3,4,7 

• In pairs create a KWL 
chart regarding the 
structure of the atom 
and development of 
atomic theory  

• Isotope Lab –pHET 
Build an Atom or 
Candy Isotope Lab 

• Compose a lab report 
with written 
conclusion. 

 

Ability to make 
connection to Periodic 
Table arrangement will 
be assessed 

 
 
 
 
 
 

Lab report will be 
assessed for accuracy 
and understanding 

SEP: Models, Obtaining Information, 
Analyzing Data, Construct Explanations. 
XCC: Patterns, Cause & Effect, Energy & 
Matter, Systems & Models, Structure & 
Function, Stability & Change 
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PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
5.    Describe the development of 

the modern atomic theory, 
including basic knowledge of 
key scientists and their 
experiments. 

 

HS-PS1-1 
HS-ETS1.A 
HS-ETS1-2 
RST.9-10.3,4,7 
8.1.12.D.1 
CRP11 

• Research desired 
information using the 
Internet or written text 
in order to construct a 
timeline outlining the 
scientists and major 
events involved in the 
development of the 
atomic theory. 

•  Explore the concept of 
scale by cutting a piece 
of paper or foil in half as 
many times as possible 
in an attempt to make 
the smallest piece 
possible. Explore with 
partner how this relates 
to the size of the atom. 

• Explore how many 
times greater the mass 
of a copper atom is 
than a magnesium 
atom, practice 
laboratory technique 
with measuring mass 
and filtration, locate 
sources of variation and 
potential error in the 
class’ experimental 
results. (Atomic Mass 
Activity). 

 

Teacher designed 
rubric to assess 
accuracy and 
completeness 

 
 
 
 

Recognition of atomic 
versus macroscopic 
size will be assessed. 

 
 
 
 
 
 
 
 
 

Lab data, calculations 
and conclusion will be 
assessed for accuracy 
and understanding 

SEP:  Models, Obtaining Info, Analyze, 
Construct, Engage 
XCC:  Patterns, Cause & Effect, Energy 
& Matter, Systems & Models, Structure 
& Function, Stability & Change  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Atomic Mass Lab 
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ATOMIC STRUCTURE   
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
5.(continued)  • Explore the path marbles 

take as they roll in a “black 
box” potentially striking an 
unseen target. 

• Observe video clip of 
cathode ray tube. Compose 
a written conclusion 
explaining the significance 
of Thomson’s results 

Connection to atomic 
structure will be 
assessed. 

 
 

Written conclusion will 
be assessed for 
understanding. 

 
 
 

Summative Unit 
Challenge –develop a 
game related to the 
periodic table – to be 
completed by the end of 
the unit 
 
Assessment on all of 
atomic structure 

 
 
 
 

Rutherford’s Scattering and the Nuclear 
Atom Activity –(Flinn) 

 
Video Clip – Cathode Ray Tube. 

 
http://science.howstuffworks.com/29292- 
100-greatest-discoveries-the-cathode-ray- 
tube-video.htm 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://science.howstuffworks.com/29292-
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III. NUCLEAR CHEMISTRY 
Essential Question(s): a) What are the characteristics of radioactive decay and nuclear reactions?    

b) What role does nuclear power play in meeting our societies energy needs? 

Enduring 
Understanding(s): 

a) Nuclear reactions include natural and artificial transmutations; fission and fusion. 
b) There are many benefits ands as well as risks associated with nuclear reactions.  

 
 

NUCLEAR CHEMISTRY 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
6. Understand products of 

nuclear decay. Explain the 
basic difference between a 
fission reaction and a fusion 
reaction.  

 
a) Discuss the “energy 

scale” of a nuclear 
reaction vs. a common 
chemical reaction. 

 

HS-PS1-1  
HS-PS3-1  
HS-PS1-8 
RST.9-10.7 

• Identify the number of 
protons and neutrons in 
the nucleus before and 
after nuclear decay  

• Contribute to a class 
discussion of isotopic 
mass, isotopes. 

Accuracy of responses 
will be assessed 
 
 
Worksheet on 
identifying and 
balancing nuclear 
equations 
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NUCLEAR CHEMISTRY 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
6.(continued) CRP2,4 

 
 
 
 
SEP2 

• Identify the emitted 
particles (i.e. alpha, 
beta, electrons, and 
gamma) in nuclear 
decay. 

• Model the relationships 
between fission, fusion, 
and radioactive decay in 
terms of the changes in 
the composition of the 
nucleus and the energy 
released during each 
process 

 

  
 

7. Discuss the concept of half-
life  

 
a) Balance nuclear equations. 

 
 

HS-PS1-1 
HS-PS3-1 
RST.9-10.7 
8.1.12.E.1 
CRP11 

• Research the half-lives of 
various radioactive 
elements as a means to 
discuss the long-term 
effects of radioactive 
elements. 

• Discuss the impact of half 
life on the environment   

 

Model designs will be 
assessed for 
understanding 

 
 

Responses will be 
assessed for 
understanding 
 
 
Assessment 
Nuclear Chemistry 
 

 

Clarification Statement: Teacher 
discretion of when Unit Challenge is 
given, at the end of atomic structure or 
the end of the unit. 
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IV. THE PERIODIC TABLE AND TRENDS 
Essential Question(s): a)   How can one explain the structure, properties, and interactions of matter? 

Enduring 
Understanding(s): 

a) The valence electrons in an atom play an important role in explaining the properties, reactivity, and stability 
of an atom.  The patterns of the Periodic Table are related to the atom’s valence electrons, and provides a 
useful way to organize this information. 

 

 
 
 
 
 
 
 

THE PERIODIC TABLE AND TRENDS 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
8. Discuss and explain the  

contributions of Mendeleev and 
Moseley in the creation and 
development of the modern 
periodic table. 

 

HS-PS1-1 
HS-PS1-2 
CRP8 

• Complete the Alien 
Periodic Table Activity  

 

   Lab will be assessed.   

9. Identify and describe the 
arrangement of 
elements on the periodic table.  

HS-PS1-1 
HS-PS1-2 
HS-PS1-3 
SEP1,3,4,6,8 

• Observe, test 
(conductivity, acid 
reactivity, magnetism, 
metal/nonmetal), 
record and analyze 
physical and chemical 
properties of several 
elements. 

   Lab Report will be 
assessed. 
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THE PERIODIC TABLE AND TRENDS 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
10. Predict the trends in 

metallic character, atomic radius, 
first ionization energy, reactivity 
and electronegativity within a 
group or period of elements. 

HS-PS1-1 
HS-PS1-2 
HS-PS1-3 
SEP3,4,6,8 
CRP4 

• Graph data to reveal 
trends And/or Metal 
reactivity lab (single 
replacement type lab) 

Students will be assessed on 
their interpretation and 
graphical analysis.   

 
Contributions to class 
discussion, questions 
responses will be assessed 
for understanding 

There are several labs to choose from, pick the 
best lab for your student population 
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THE PERIODIC TABLE AND TRENDS 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
11. Predict and write the electron 

configuration for selected 
elements; (long and noble gas) 
for an element given its 
position in the periodic table.  

a) Predict the highest energy 
sublevel for an element 
given its position in the 
periodic table. 

b) Draw an orbital diagram for 
selected elements 

c) Predict the number of 
valence electrons for any 
representative element. 

d) Predict the ionic charge for 
any representative element. 

e) Write the predicted electron 
configuration for selected 
ions. 

 
 

HS-PS1-1 
HS-PS1-2 
SEP4,6 

 

• Demonstrate understanding 
of electron configuration by 
successful manipulation of 
Electron Configuration 
Battleship activity. 

• Complete a worksheet on 
writing accurate electron 
configurations 

• Complete pHET simulation on 
shapes of orbitals  

 
Quiz on writing/analyzing 
electron configurations 
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THE PERIODIC TABLE AND TRENDS 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
12. Describe the 7 types of 

electromagnetic radiation and 
be able to compare them in 
terms of relative wavelength, 
frequency, and energy. 

a) Determine the characteristic 
colors produced by metal-
cations 

b) Determine the identity of an 
unknown metal chloride 
from the Flame Test Lab. 

 

HS-PS1-1 
HS-PS1-2 
HS-PS4-1 
HS-PS4-3 
HS-PS4-4 
SEP3,4,6,8 

• Complete the Flame test 
lab 

Lab report will be 
assessed  
 
 
 
 
 
Test on Unit  
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V. BONDING AND NOMENCLATURE  
 

Essential Question(s): a) How do particles combine to form the variety of matter one observes? 

Enduring Understanding(s): a) Atoms bond in different ways depending on their atomic structure and thus their properties.  The polarity of 
molecules reflects the nature of the geometry of the molecules including the constituent atoms, the atomic 
distances, and the bond angles. 

 

Bonding and Nomenclature 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
13. Predict and explain the number 

and types of bonds formed (i.e. 
ionic, polar covalent, covalent, 
metallic) by an element and 
between elements as 
determined by valence electrons 
and electronegativity. 

HS-PS1-1 
HS-PS1-2 
HS-PS1-4 
HS-PS2-4 
HS-ETS1-4 

• Explore the difference 
between ionic and covalent 
bonds through pattern 
recognition related to 
placement of elements in 
bond on periodic table. 

• Observe electron clouds of 
bonding atoms as properties 
such as atomic size and 
electronegativity change in 
order to understand the 
difference among ionic, 
polar covalent, and covalent 
bonds at the atomic scale, 
then compose a written 
description of the 
electrostatic force between 
the ions in an ionic bond. 

• Introduce Unit 
challenge: with your 
partner, design a piece 
of artwork to hang in a 

 

Student responses will be 
assessed for accuracy and 
understanding 

 
 
 
 
 
 

Teacher designed quiz 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

Bonding Simulation 
(Molecular Workbench: 
mw.concord.org) 
 
 
 
 
 
 
Unit challenge will be 
assessed at end of unit 
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BONDING AND NOMENCLATURE 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY 
EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
  that accurately highlights a 

variety of important aspects of 
bonding. Groups will provide a 
two minute explanation of the 
type of artwork that they intend 
on designing, with the goal o to 
teach and aesthetically engage 
spectators. 

  

14. Name and write chemical 
formulas for ionic and molecular 
compounds. 

HS-PS1-1  
HS-PS1-2 
 

• “Ion Speed Dating”  
• Complete a worksheet on 

naming and formula writing  

Participation in, resulting 
formulas and compound 
names will be assessed for 
accuracy 
 
Quiz – Naming & Formula 
Writing 
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BONDING and NOMENCLATURE 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY 
EVALUATION / 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
15. Model the molecular structure of 

various pure substances, and be 
able to predict VSEPR geometry 
and polarity of the molecule.  

HS-PS1-1 
CRP2,4,11 
SEP1-8 
 

 

• Model the molecular 
structure of various pure 
substances, and be able to 
predict: 

• VSEPR geometry hybridization 
of central atom polarity of the 
molecule 

• Carousel share designed 
models collect and give peer 
feedback, revise models as 
needed. 

• Conduct an online simulation 
of molecular polarity 

• Molecular Polarity Via 
Capillary Action Lab 

Students will self-assess model 
representation and VSEPR 
naming 
 
Lab report will be assessed  
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VI. MATTER AND ITS CHANGES 
 

Essential Question(s): a) How does one characterize, and predict, the changes that occur when substances react? 

Enduring Understanding(s): a) Matter (and changes in matter) can be described, organized, and classified for understanding basic 
principles of the Kinetic Molecular Theory govern the interactive relationship between energy and phase 
changes. 

 

MATTER AND ITS CHANGES 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
16. Define matter, differentiate 

between solid, liquid, and gas, and 
Read and interpret a phase 
diagram.  

 

HS-PS1-1 
HS-PS1-3 
HS-PS3-1 
 

• Work in pairs to 
analyze and interpret 
phase diagrams 

Formally assess 
students group work 

 

17. Differentiate between pure 
substances/ mixtures, elements/ 
compounds, homogeneous/ 
heterogeneous mixtures.  
 

a) Differentiate between chemical 
and physical properties and 
changes. 

HS-PS1-1  
HS-ETS1-1 
SEP1,3,4,6,7,8 

• Create a flow chart to 
classify various 
materials as an 
element, a compound, 
or a mixture. 

• Design a procedure to 
separate a mixture.  

Quiz – Classification of 
Matter 

 
Experimental procedure will 
be assessed  
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MATTER AND ITS CHANGES 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
18. Calculate density given mass and 

volume, or calculate relationships 
between density, mass, and 
volume. 

 

HS-PS1-1  
HSN-Q.A.1 
HSN-Q.A.3 

• Create a density column of 
sugar solutions.  

Activity results and 
participation will be assessed 
for level of understanding. 
 
 
Test on Unit 
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VII. INTRODUCTION TO MOLES 
 

Essential Question(s): a) Why is the mole an important measurement in chemistry? 
b) How is the mole used in chemical calculations? 

    Enduring Understanding(s): a) The mole is used to quantify matter.  
b) A compound can be analyzed for its percent composition.  

Introduction To Moles 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
19. Demonstrate an understanding 

of Avogadro’s number and the 
mole in terms of mass, particle 
number and volume as it relates 
to atoms and molecules. 

HS-PS1-7 
HSN-Q.A.1 
HSN-Q.A.2 
HSN-Q.A.3 
8.1.12.D.1 
8.1.12.E.1 
CRP2,4,5,6,11 
SEP1-8 
 

• Use knowledge of mole 
concept to interconvert 
measurements of mole, 
mass, gas volume and 
number of molecules. 

• Design a concept map 
illustrating the interrelationship 
between the mole, mass, 
Avogadro’s number and gas 
volume at Standard 
Temperature and 
Pressure(STP). 

• Research several selected 
websites to investigate the 
mole concept. Design a 
brochure, booklet, 
advertisement, poster, or 
PowerPoint presentation 

Selected problems will be 
assessed for accuracy and 
under-standing 

 
 

Students will self-assess 
concept map for accuracy, 
relevance and workability 

 
 
 
 

Project will be assessed for 
understanding using teacher- 
designed rubric 
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20. Calculate the percent composition of 
each element  
in a compound. 
 

c) Determine/calculate the percent 
water in a hydrate. 

 

HS-PS1-7 
HSN-Q.A.1 
HSN-Q.A.2 
HSN-Q.A.3 
SEP3,4,5,6,8 
 

• Complete activity on 
percent composition of 
Oreos. 

• Complete the Copper 
Sulfate Hydrate Lab 

Lab report will be assessed.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction To Moles 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
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VIII. CHEMICAL REACTIONS AND STOICHIOMETRY 

 
Essential Question(s): a) How does the law of conservation of matter apply to balance chemistry equations? 

b) What are the main types of chemical reactions? 
c) How does stoichiometry predict the quantities of products/reactants from given amounts of 

reactants/products? 
Enduring Understanding(s): a) The law of conservation of matter means that all the atoms of each element during the reaction cannot 

be created nor destroyed; instead the atoms are rearranged to form products. The coefficients give the 
ratio of reactants to products. 

b) There are five general classification of chemical reactions; synthesis, decomposition, single replacement, 
double replacement, and combustion.  

c) Stoichiometry uses the mole ratio from the balanced chemical equation to convert the reactant into 
products or vice versa.  

 

Chemical Reactions And Stoichiometry 
 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   

21. Classify, write, and balance 
selected chemical equations, 
including translating a word 
equation into a chemical equation 
using symbols and formulas. 

a) Apply the activity series to 
single replacement reactions to 
predict whether or not the 
reaction will occur. 
 

b) Apply the solubility rules to 
double replacement reaction to 
predict whether or not the 
reaction will occur. 
 

HS-PS1-2 
HS-PS1-7 
HSN-Q.A.1 
HSN-Q.A.2 
HSN-Q.A.3 
8.1.12.A.3 
SEP3,4,6,7,8 
CRP2,4,7,8,11 

 

• Complete a classification of 
reactions lab  

• Complete the pHET 
simulation/activity on 
balancing chemical equations  

• Complete single 
replacement/activity series 
lab.  

• Complete a precipitate lab 
practical. 

Formal lab report will be 
assessed using teacher- 
designed rubric 

 
 

Formal lab report will be 
assessed using teacher- 
designed rubric 
 
 
 
 

Quiz 
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CHEMICAL REACTIONS AND STOICHIOMETRY 
 
 
 

 
PROFICIENCY / OBJECTIVE 

 
Standards 

 
SUGGESTED ACTIVITY EVALUATION/ 

ASSESSMENT 
TEACHER 

NOTES 

The student will be able to:  Students will:   
22. Qualitatively differentiate 

between an endothermic and 
exothermic reaction. 

HS-PS1-2 
HS-PS1-4 
SEP3,4,6,8 

• Complete the reaction in the 
bag lab (FLINN)  

Formatively asses 
students during 
completion of the lab. 

 

23. Demonstrate their 
understanding of stoichiometric 
relationships in given chemical 
reactions. 
 

a) Understand the concept of 
limiting and excess reagents  

b) Calculate the percent yield of 
a reaction. 

 

HS-PS1-2 
HS-PS1-7 
HSN-Q.A.1 
HSN-Q.A.2 
HSN-Q.A.3 
SEP1-8 
 

• Conduct several laboratory 
investigations involving 
predicting the mass of 
product formed in selected 
chemical reactions, and then 
experimentally verifying the 
results. 

Formal lab report will be 
assessed using teacher- 
designed rubric 

 
 

 
 
 
 
 
 
Unit Test  
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IX. Collision Theory/ Reactions Rates  
 

Essential Question(s): a) What factors impact the rate of a chemical reaction, and how is the rate changed for each factor? 
b) What is a catalyst?  How does a catalyst work? 

Enduring Understanding(s): a)  Chemical reaction rates change with conditions under which they occur.    
b) Potential energy diagrams can be used to interpret the enthalpy and activation energy of a reaction.  

 
Collision Theory/ Reactions Rates 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   

24. Describe how temperature, 
concentration, surface area, 
catalyst, and inhibitor affect the 
rate of a reaction. 

HS-PS1-4 
HS-PS1-5 
HS-PS2-3 
SEP1-8 
CRP2,8,12 

• Conduct several laboratory 
investigations depicting how 
different factors change rate 
Ex: perform a lab measuring 
the rate of reaction 
between iodine and starch 
at various concentrations 
 

Lab conclusions will be assessed 
for level of understanding. 

 

25. Interpret a potential energy 
diagram  
 

a) To determine enthalpy change  
b) Classify reaction type  
c) Label/identify components of 

diagram 
d) Predict the effect of 

catalyst/inhibitor on a potential 
energy diagram 

HS-PS1-4 
HS-PS1-5 
HS-PS2-3 
SEP1,2,6,7,8 

• Interpret and create 
potential energy diagrams  

 

Student generated diagrams will 
be assessed for accuracy. 

 
Student written and verbal 
explanations will be assessed for 
level of understanding. 

 
 
 
 
Quiz  
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X. Gases  
 

Gases 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   

26. Explain fundamental properties of  
ideal gases based on kinetic 
molecular theory 

a) Define and explain the 
meaning of absolute zero. 

 

HS-PS2-3 
SEP6,7,8 
CRP8 

• Complete KMT POGIL activity  Students will be assessed on 
their group work and critical 
questions will be graded 

 

27. Explain how pressure, 
temperature, volume, number of 
particles and intermolecular forces 
affect the behavior of a gas. 
 

a) Interpret graphical data that 
illustrate the relationship 
between P, T, and V. 

HS-PS2-3 
HS-ETS1-1 
SEP1-8 

• Complete Charles’ experiment. 
 

Lab design, data and analysis 
will be evaluated for level of 
comprehension. 

Teacher discretion on the choice 
of lab.  

 
 
 

Essential Question(s): a) How does the kinetic molecular theory explain the behavior of gases? 
b) How is the pressure, temperature, and volume of a gas related?  

 
Enduring Understanding(s): a) The behavior of gases in response to changes in pressure, temperature, volume and the number of 

particles can be calculated.  
b) The combined gas law related the pressure, volume, and temperature of an ideal gas.  
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Gases 
 

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   

28. Given a set of conditions, use the 
 most appropriate mathematical 
equation to calculate a change in 
P, T, V. 

 

HS-PS2-3 
HSN-Q.A.1 
HSN-Q.A.2 
HSN-Q.A.3 
 

• Complete in pairs practice 
problems 

Solutions to practice 
problems will be assessed 
for accuracy. 
 
Unit Test 
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XI. Thermochemistry   
 

Essential Question(s): a) How are the system, surroundings, and universe defined in thermochemistry? 
b) What is the difference between temperature and heat energy? 
c) What is specific heat capacity?  Why does it take more heat to change the temperature of water 

compared to metals? 
 

Enduring Understanding(s): a) The law of conservation of energy explains how the total energy is unchanged in open, closed, and 
isolated systems. 

b) Temperature is a measure of average kinetic energy of the molecules in a substance and is related to 
but not the same as heat. 

c) Specific heat capacity explains why more heat is needed to change the temperature of different 
substances. 

 
Thermochemistry 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
29. Understand the nature of energy 

as it related to chemical reactions  
 

a) Recognize/convert between 
units of energy 

b) Recognize modes of energy 
transfer. 

c) Classify processes as 
exothermic and endothermic. 

HS-PS1-4 
 
HS-PS3-1 
 
HS-PS3-2 
8.1.12.D.1 
8.1.12.E.1 
8.2.12.A.1 
SEP1-8 
CRP2,4,7,8,11,12 

• Practice converting between 
units of energy 

• Interpret heating/cooling 
curves. 

• Conduct an experiment 
measuring the enthalpy of 
formation 

• Research the Internet and 
write a brief paper on one 
type of alternative energy 
source. Advantages and 
disadvantages will be 
established, and presented. 

 

Formal lab report will be 
assessed using teacher- 
designed rubric 
 
Research paper will be 
assessed using teacher- 
designed rubric, and 
students will use peer- 
review techniques to 
assess oral presentations 
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Thermochemistry 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
30. Use specific heat capacity to 

explain changes in temperature  
of a substance. 
 

a) Use calorimetry to determine 
the heat of solution. 

b) Understand heat flow (i.e. qcold 
= -qhot). 

 
 

 

HS-PS1-4 

HS-PS3-1 
HS-PS3-2 
HS-PS3-4 
SEP1-8 

• Conduct a laboratory 
experiment measuring the 
energy change 

•  Solve specific heat capacity 
problems  

Formal lab report will be 
assessed using teacher- 
designed rubric 

 
 
 
 

Solved problems will be 
assessed for accuracy 
 
 
 
Assessment 
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XII. Solutions    
 

Essential Question(s): a) How do you measure concentration of a solution? 
b) What factors affect the solubility of gases and solids in liquids? 
c) What are practical applications of colligative properties? 

 
Enduring Understanding(s): a) A solution can be identified as saturated or unsaturated based on its composition and temperature, and by 

interpretation of a solubility curve.  
b) Concentration can be measured in and converted between units such as: molarity and mass percent. 
c) Amount of solute dissolved in a solution can used to lower the freezing point and elevate the boiling point. 

Solutions 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   

31. Understand the quantitative and  
qualitative aspects of solution 
chemistry. 

  

HS-PS1-2 
HS-PS1-3 
HS-PS1-5 
HS-PS1-7 
HSN-Q.A.1-3 

• Solve concentration 
problems  

• Classify solutions types 
based on a solubility curve 

• Prepare several accurate 
solutions of given molarity 
and verify concentration via 
titration  

 

Concentrations will be assessed 
based on percent error.  
 
 
 
 
 
Quiz 
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Solutions 
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   

32. identify the use of colligative 
properties in real-life 
phenomena 

 

HS-PS1-2 
HS-PS1-3 
SEP1-8 
CRP4 

• Complete a lab based on 
measuring the temperature 
change based on amount of 
solute/solvent 

• Class discussion on how intra- 
and inter- molecular forces 
determine the properties of 
liquids and solids. 

  
 
 

Lab report will be assessed 
 
 
 
 
 
 
 
Unit Test  
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XIII. Acid Base Chemistry    
 

Essential Question(s): a) What are acids and bases? What are properties of acids and bases and what role do they have in 
our lives? 

 
Enduring Understanding(s): a) Acids and bases differ on their affinity for H+, which gives them their varying properties and 

usefulness in both the chemistry lab and everyday life. 
  

 
Acid Base Chemistry  
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
33. Demonstrate a knowledge of the 

various acid-base definitions. 
 

a) Including properties of 
acids/bases 

b) Identify strong and weak 
acid/bases 

HS-PS1-1 
HS-PS1-2 
8.1.12.A.3 
CRP11,12 

 

•  pHET Acid Base Solutions 
Simulations  

• Practice identifying acids and 
bases 

 Students will peer review 
simulation results.  
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Acid Base Chemistry  
  

PROFICIENCY / OBJECTIVE 
 

Standards 
 

SUGGESTED ACTIVITY EVALUATION/ 
ASSESSMENT 

TEACHER 
NOTES 

The student will be able to:  Students will:   
34. Determine the pH, pOH and 

molarity of acidic and basic 
solutions. 

 

HS-PS1-1 
HS-PS1-2 
HS-PS1-7 
SEP3,4,5,6,8 
 

• Use titration equipment to 
determine the molarity of an 
unknown acidic or basic 
using the titration technique. 

• Explore the mathematical 
relationship among molarity, 
H+ ions, OH- ions, and pH and 
data   

Formal lab report will be 
assessed using teacher- 
designed rubric 
 
 
Solved problems with be 
assessed for accuracy 
 
 
 
Unit Test  
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XIV. Equilibrium     
 

Essential Question(s): a) What is dynamic equilibrium? 
b) What factors affect chemical equilibrium?  
c) How can you use Le Chatelier’s principle to predict the effect of changes of concentration and 

temperature on a system at equilibrium? 
 

Enduring Understanding(s): a) Chemical equilibrium occurs when reversible reactions occur at the same rate. 
b) The four factors that affect chemical equilibrium are temperature, pressure, and concentration.  
c) Systems are equilibrium will respond to alleviate external stress and reestablish equilibrium. 

 
 

Equilibrium     
 
 

 
PROFICIENCY / OBJECTIVE 

 
Standards 

 
SUGGESTED ACTIVITY EVALUATION/ 

ASSESSMENT 
TEACHER 

NOTES 

The student will be able to:  Students will:   
35. Define and explain dynamic 

equilibrium. 
HS-PS1-6 
CRP4,8 

• Class discussion  
• Straw demo 

  

36. Apply Le Chatelier’s principles 
to determine the direction the 
equilibrium will shift 

HS-PS1-6 
SEP3,4,6,7,8 
CRP2,4 

• Predict the effect of certain 
stressors on a chemical 
reaction using Le Chatelier’s 
Principle. 

• design and conduct a lab to 
observe the physical effects 
caused when stress is applied 
to a system. 

 Formal lab report will be 
assessed using teacher- 
designed rubric 

 
 

Students will peer-edit lab 
report for experimental de- 
sign, clarity, and accuracy 
 
 
Unit Test 

Teacher discretion on the choice 
of lab. 
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APPENDIX A -  SAMPLE AUTHENTIC ASSESSMENT 
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SAMPLE AUTHENTIC ASSESSMENT 

ACTIVITY: 

A tanker carrying waste from a distant chemical plant was involved in an accident in Parsippany. The resulting chemical spill from the 
overturned truck occurred in the proximity of the groundwater source for your high school. There is serious concern that certain ions, 
most specifically silver, mercury, lead, iron and copper, may be present in the spill liquid in quantities that would compromise the safety of the 
drinking water. It is also feared that the spill is in a pH range that may pose physiological and environmental hazards. The local officials have 
come to the high school asking for your assistance in determining the presence or absence of these hazards. 

TASK 
 

You have received a sample of the liquid the officials fear could be contaminating the water supply. You are to design the experiments you 
would need to perform in order to assess the potential dangers associated with the sample by ascertaining the following information: 

 
• identify the solution as acidic or basic 
• quantify the molarity of the sample 
• determine the absence or presence of the following ions: Ag+, Hg22+, Pb2, Cu2+, Fe3+ 

 
Describe IN DETAIL the equipment to be used, the reagents you will need, and the procedures you will follow. In addition, provide an accurate 
and complete interpretation of the data that could possibly be collected in order to clearly determine the above required information. 
Prepare the comprehensive study to be delivered at the next Town Council meeting as a resource they can use to thoroughly investigate 
their concerns. 

 
 
 



SCN300 CONCEPTUAL CHEMISTRY I 46 
AUTHENTIC ASSESSMENT RUBRIC 

 
 
CATEGORY/TOPIC 

 
EXEMPLARY 

 
ACCOMPLISHED 

 
DEVELOPING 

 
NEEDS IMPROVEMENT 

 
EXPERIMENTAL 
DESIGN 

    

 
 
ACID BASE 
DETERMINATION 

Design is well thought 
out and clearly 
differentiates 
between acidic and 
basic properties. A 
description of all 
appropriate 
equipment necessary 
for a thorough 
investigation is 
included  

Design is well thought 
out and clearly 
differentiates between 
acidic and basic 
properties. Most of the 
necessary equipment 
is mentioned. 

Design has merit and 
attempts to differentiate 
between acidic and basic 
properties. Some 
equipment is mentioned. 

Design lacks clarity, and does not attempt to 
differentiate between acidic and basic properties. 
Equipment is not mentioned. 

 
 
MOLARITY 
QUANTIFICATION 

Design is well thought 
out, clearly states the 
definition of molarity, 
and mentions all the 
equipment necessary 
for a thorough 
investigation of 
molarity. 

Design is well thought 
out, gives a definition 
of molarity, and 
mentions most of the 
equipment necessary 
to investigate molarity. 

Design has merit, 
mentions some theory of 
molarity of the 
appropriate equipment 
necessary to investigate 
molarity. 

Design lacks logic or clarity. The theory of molarity is 
missing or incorrectly stated.  No mention or 
incorrect mention of equipment. 

 
 
CATION 

Design is well 
thought out, clearly 
stated, and 

  
 

Design is well though 
out, and outlines the 
theory behind cation 

Design has merit, and 
mentions a portion of the 
theory behind cation 

Design lacks logic or clarity. The theory behind cation 
differentiation is missing or confused. No attempt is 
made to include more than one reagent. 

DIFFERENTIATION theory behind 
cation 
differentiation. A 
complete list of 
necessary 

  
 

differentiation. A nearly 
complete list of 
reagents is included. 

differentiation. A partial 
list of reagents is 
included. 
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AUTHENTIC ASSESSMENT RUBRIC (continued) 

 
CATEGORY/TOPIC 

 
EXEMPLARY 

 
ACCOMPLISHED 

 
DEVELOPING 

 
NEEDS IMPROVEMENT 

 
 
PROCEDURE 

    

 
 
ACID BASE 
DETERMINATION 

Procedure is complete, clearly 
stated in full sentences, and 
numbered in logical order. All 
necessary reagents are 
included along with proper 
use. 

Procedure is complete, though 
not always stated in full 
sentences. Steps are numbered, 
most reagents are included and 
proper use explained. 

Procedure is brief and/or not laid 
out in stepwise fashion. An 
occasional direction may be 
open to ambiguity. 

Procedure is missing steps or 
steps are not in logical order. 
The desired results could not be 
obtained using this method. 

 
 
 
 
MOLARITY 
QUANTIFICATION 

Procedure is complete, clearly 
stated in full sentences, and 
numbered in logical order. All 
necessary reagents are 
included along with proper 
strengths. 
Nuances of good technique 
are included in procedure, 
including how to recognize 
when procedure is complete. 

Procedure is complete, though 
not always stated in full 
sentences. Steps are numbered, 
most reagents are included and 
proper use explained. An 
occasional nuance is mentioned. 

Procedure is brief and/or not laid 
out in stepwise fashion. An 
occasional direction may be 
open to ambiguity. 

Procedure is missing steps or 
steps are not in logical order. 
The desired results could not be 
obtained using this method. 

 
 
 
CATION 
IDENTIFICATION 

Procedure is complete, clearly 
stated in full sentences, and 
numbered in logical order. All 
necessary reagents are 
included along with proper 
strengths. 
Nuances of technique 
are included in 
procedure. 

Procedure is complete, though 
not always stated in full 
sentences. Steps are numbered, 
most reagents are included and 
proper use explained. An 
occasional nuance is mentioned. 

Procedure is brief and/or not laid 
out in stepwise fashion. An 
occasional direction may be 
open to ambiguity. 

Procedure is missing steps or 
steps are not in logical order. 
The desired results could not be 
obtained using this method. 
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CATEGORY/TOPIC 

 
EXEMPLARY 

 
ACCOMPLISHED 

 
DEVELOPING 

 
NEEDS IMPROVEMENT 

 
DATA 
INTERPRETATION 

    

 
ACID BASE 
DETERMINATIO N 

Interpretation is accurate, 
complete and clearly 
stated to include all 
possible data outcomes. 

Interpretation is accurate, 
clearly stated, and includes 
almost all possible data 
outcomes. 

Interpretation includes basic 
data expected in experiment. 

Interpretation is faulty and/or 
fails to explain possible data 
outcomes. 

 
 
MOLARITY 
QUANTIFICATION 

Interpretation is accurate, 
complete and clearly 
stated to include all 
possible data outcomes.  
All mathematical 

Interpretation is accurate, 
complete and clearly stated to 
include all possible data 
outcomes. Mathematical 
calculations are explained. 

Interpretation would ac- 
complish a result, though it may 
fail to include all possible 
outcomes. Basic mathematical 
calculations are explained. 

Interpretation is faulty and/or 
fails to explain possible data 
outcomes. Mathematical 
formulas are missing or 
incorrect. 

 
 
 
CATION 
IDENTIFICATION 

Data possibilities are clearly 
laid out for each step, and 
the interpretation 
distinguishes between data 
that is conclusive or 
supplementary. Clear proof 
is offered for both the 
presence and absence of all 
5 cations. 

Data possibilities are laid out for 
each step, and the 
interpretation distinguishes 
between data that is conclusive 
or supplementary.  Some proof 
is offered for both the presence 
and absence of all 5 cations. 

Data possibilities are mentioned 
for each step, though the 
interpretation does not always 
distinguish between data that is 
conclusive vs. data that is only 
supplementary. Some proof is 
offered for both the presence 
and absence of all 5 cations. 

Data possibilities are 
ambiguous and the 
interpretation fails to 
distinguish between data that 
is conclusive vs. data that 
requires confirmation. 
Interpretation is missing for 
one or more of the cations. 

ABILITY TO 
COMMUNICATE 
RESULTS 

Analysis explains the 
solution to the problem 
with convincing clarity 

Analysis demonstrates the 
student understands the results 
and knows how to explain them. 

Analysis reviews results but 
conclusions are incomplete. 

Analysis shows some results 
but some results are missing 
and/or conclusions are 
confused. 
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LAB REPORT RUBRIC 

 

CATEGORY Excellent Acceptable Unsatisfactory 
 

EXPERIMENTAL DESIGN 
Experimental design is a well-constructed 
test of the stated hypothesis. 

Experimental design is structured to test the 
hypothesis.  Minor details may be lacking, 
but do not affect the outcome. 

Experimental design is not relevant to the 
hypothesis. 

 
 
 

PROCEDURES 

Procedures are listed in clear steps. Each 
step is numbered and is a complete 
sentence. 

Procedures are listed in a logical order. 
Generally, steps are numbered and written 
in complete sentences. 

Procedures do not accurately list the steps 
of the experiment. 

 
 
 

DATA COLLECTION 

Raw data is relevant to the objective and is 
carefully organized and presented in an 
appropriate table format. Table has 
appropriate title. Measurements are 
accurately reported.  Correct SI units given. 

Data are relevant to the objective. Data are 
organized and presented in an organized 
way. Measurements may include minor 
inaccuracies that do not affect the outcome. 

Data is incomplete, irrelevant, poorly 
organized or presented. Measurements are 
mostly inaccurate and no units are used. 

 
 
 

DATA PROCESSING 

AND 

PRESENTATION 

Calculations include formula, numbers with 
units, answers with units and proper 
number of significant digits (SD) using SI 
units and scientific notation. Graphs include 
title, variables with units, curve of best  
fitted (CBF). Helps math sequence with 
written explanation when necessary. 

Graphs and calculations are accurate. Some 
of the required elements are loosely 
provided. Minor mistakes in measurements 
do not affect the outcome. 

Graphs and/or calculations are incomplete, 
very inaccurate, and/or include major 
mistakes in measurement. 

 
 
 
 
 

CONCLUSION AND 
EVALUATION 

Accurately explains results in detail using 
prior knowledge. Refers to the stated 
problem and is supported by evidence from 
the data/observations. Posed questions are 
answered appropriately. Fully evaluates 
investigative procedure and makes 
recommendations for future work. 

Good attempt to explain results using prior 
knowledge. Refers to the stated problem 
with some evidence from the 
data/observations. Posed questions are 
basically answered. Some evaluation of 
investigative procedure and/or 
recommendations for future work is 
provided. 

Refers to the stated problem only. Posed 
questions are mentioned but not really 
answered. No evaluation of investigative 
procedure and/or recommendations for 
future work. 
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PEER CONFERENCE CHECKLIST 

 
EXCELLENT GOOD FAIR IMPROVE (make specific suggestions) 

 
SPELLING 

    

 
GRAMMAR 

    

 
PUNCTUATION 

    

FORMAT 
(Intro – Body – Conclusion) 

    

THESIS 
STATEMENT 

    

DATA 
(Facts for your persuasion) 

    

 
The following are all minor infractions.  Please DO NOT correct the mistakes, instead include: 

• “sp” for spelling errors 
• “punc” for grammar 
• “form” for paragraphs missing, redundancy/repetition or not having at least three paragraphs 
• “?” for a missing thesis statement 

It is the quality and amount of data and/or facts that make it possible to present a case or draw valid conclusions. Therefore, this is the area of 
primary focus. 
 



SCN300 CONCEPTUAL CHEMISTRY I 53 
 

 
 
 
 
 
 
 

APPENDIX D       SAMPLE UNIT PLAN AND TIMING FOR THE PERIODIC TABLE, ATOMIC 
STRUCTURE AND TRENDS 
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SAMPLE UNIT PLAN: THE PERIODIC TABLE, ATOMIC STRUCTURE AND TRENDS 
 
 

ESTIMATED TIMING – 22 Class Periods (4 weeks) 
 

Period 1 (HS-PS1-1) 
Objective(s): identify and describe the elements and their arrangement in the periodic table 

• Introduce the Unit Challenge 
• Grocery Store Activity 

(DCI – PS1.A  SEP – Models, Obtaining Info, Analyze, Construct  XCC: Patterns, Cause & Effect, Systems, Structure 
& Function) 

 
 

Period 2 (HS-PS1-1, HS-PS1-2, HS-PS1-3) 
Objective(s): identify and describe the elements and their arrangement in the periodic table 

• Discuss Chem Extend for Grocery Store 
• Transition to Element Activity 

(DCI – PS1.A SEP – Models, Obtaining Info, Analyze, Construct, Engage XCC: Patterns, Cause & Effect, Systems, 
Structure & Function) 

 
 

Period 3 (HS-PS1-1, HS-PS1-2, HS-PS1-3) 
Objective(s): identify and describe the elements and their arrangement in the periodic table 

• Complete the Element Activity 
• Record Element Lab (Purpose, Data, and Conclusion) in Lab Journal (to be completed at home if necessary) 
• Homework – Chem Extend for Element Activity & “Chem To Go” Reading 

(DCI – PS1.A SEP – Models, Obtaining Info, Analyze, Construct, Engage XCC: Patterns, Cause & Effect, Systems, 
Structure & Function) 

 
 

Period 4 (HS-PS1-1, HS-PS1-3) 
Objective(s): identify and describe the elements and their arrangement in the periodic table, recognize that the elements 
in the periodic table are arranged by the numbers of protons in atoms, explain the development of the current atomic 
structure including a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively-
charged electrons 

• Discuss Chem Extend for Element Activity & “Chem To Go” Reading 
• Investigate the concept of scale through exploring the idea of atoms by trying to isolate a single atom. 
• Discuss the concept of an atom. 

(DCI – PS1.A, PS1.C  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Systems) 
 
 

Period 5 (HS-PS1-1, HS-PS1-3) 
Objective(s): identify and describe the elements and their arrangement in the periodic table, recognize that the elements 
in the periodic table are arranged by the numbers of protons in atoms, explain the development of the current atomic 
structure including a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively-
charged electrons 

• Complete the Atomic Mass Activity. 
• Record Atomic Mass Lab (Purpose, Data, Calculations, and Conclusion) in Lab Journal (to be completed 

at home if necessary – note that Conclusion may need to be saved until tomorrow) 
• Homework – “Chem To Go” Reading 

(DCI – PS1.A, PS1.C   SEP – Obtaining Info, Analyze, Construct, Engage   XCC:  Patterns, Cause & Effect, Stability 
& Change) 
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Period 6 (HS-PS1-1) 
Objective(s): identify and describe the elements and their arrangement in the periodic table, recognize that the elements 
in the periodic table are arranged by the numbers of protons in atoms, explain the development of the current atomic 
structure including a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively-
charged electrons 

• Have students work with partners to complete Chem Extend for Atomic Mass Activity 
• Have students “pair/share” ideas regarding the Chem Extend – teacher should “carousel” while this takes 

place to assess the students 
• If necessary, have students complete their Conclusions in their Lab Journals. 
• Students who are done should watch the Cathode Ray Video on their iPads – other students will need 

to complete this for homework – see link below 
1. (http://science.howstuffworks.com/29292-100-greatest-discoveries-the-cathode-ray-tube- 

video.htm) 
• Homework – “Chem To Go” Reading 

(DCI – PS1.A  SEP – Models, Obtaining Info, Analyze, Construct, Engage  XCC:  Patterns, Cause & Effect, Stability 
& Change) 

 
 

Period 7 (HS-PS1-2, HS-PS1-3) 
Objective(s): explain the development of the current atomic structure including a positively-charged nucleus composed 
of both protons and neutrons, surrounded by negatively-charged electrons 

• Discuss “Chem To Go” Reading 
• Complete the Rutherford’s Scattering and the Nuclear Atom Activity 

(DCI – PS1.A  SEP – Models, Obtaining Info, Analyze, Construct, Engage   XCC:  Patterns, Cause & Effect) 
 
 

Period 8 (HS-PS1-2, HS-PS1-3, HS-ETS1-2) 
Objective(s): explain the development of the current atomic structure including a positively-charged nucleus composed 
of both protons and neutrons, surrounded by negatively-charged electrons, develop an investigation plan and describe 
the data that will be collected and the evidence to be derived from the data 

• Discuss Chem Extend for the Rutherford’s Scattering and the Nuclear Atom Activity 
• Unit Challenge (Draft) – with your partner create or adapt a game that has chemistry content as part of 

its structure. Groups will need to provide the class a two minute explanation of the game that they are 
developing by the end of the class period. Within these two minutes, groups should explain some of the 
rules of the game and some of the chemistry content that a player will get to learn from the game. 
Remember the GOAL is to teach and entertain participants. Groups may want to modify an existing game 
that has an exciting format and simply adjust the content of the game to focus on the new chemistry that 
has been learned in this unit or groups may choose to develop an entirely new format for their game. 

o The Unit Challenge should be worked on throughout the unit. This challenge must be 
completed and in class on the class period before the Unit Test. 

(DCI – PS1.A , ETS1.C SEP – Models, Obtaining Info, Analyze, Construct, Engage  XCC:  Patterns, Cause & Effect) 
 
 

Period 9 (HS-PS1-8) 
Objective(s): explain the development of the current atomic structure including a positively-charged nucleus composed 
of both protons and neutrons, surrounded by negatively-charged electrons, identify the number of protons and 
neutrons in the nucleus before and after nuclear decay, identify the emitted particles (i.e. alpha, beta, electrons, and 
gamma) in nuclear decay, develop five distinct models to illustrate the relationships between the components 
underlying the nuclear processes of 1) fission, 2) fusion, and 3) three distinct types of radioactive decay 

 
• Complete the Nuclear Chem Activity 
• Read the “Chem To Go” 

http://science.howstuffworks.com/29292-100-greatest-discoveries-the-cathode-ray-tube-
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• Homework – Complete the Chem Extend for the Nuclear Chem Activity 

(DCI – PS1.C   SEP – Models, Construct,   XCC:  Patterns, Cause & Effect, Energy &  Matter) 
 
 

Period 10 (HS-PS1-8) 
Objective(s): explain the development of the current atomic structure including a positively-charged nucleus composed 
of both protons and neutrons, surrounded by negatively-charged electrons, identify the number of protons and 
neutrons in the nucleus before and after nuclear decay, identify the emitted particles (i.e. alpha, beta, electrons, and 
gamma) in nuclear decay, develop five distinct models to illustrate the relationships between the components 
underlying the nuclear processes of 1) fission, 2) fusion, and 3) three distinct types of radioactive decay 

• Discuss the Chem Extend for the Nuclear Chem Activity 
• “Pair then Carousel Share” (on whiteboards) answers to the following Questions: 

o The periodic table is ordered by atomic number, which corresponds to the number of protons 
in the element. How do you know that it should not be ordered by the atomic mass? 

o You know that in nuclear fission, uranium-235 is bombarded with neutrons and this reaction will 
cause the nuclei to spit to smaller elements, releasing a large amount of energy. How does the Sun 
create energy using fusion? 

o The future depends on a continued increase in producing energy for a growing population. Nuclear 
reactions such as fission and fusion will be expected to meet this demand, but there will be costs to 
bear. How can your Unit Challenge Game include fission, fusion, the nuclear force, isotopes, or 
radioactivity as an interesting component? 

• Have students return back to groups and make any revisions or additions that they may want to, to their 
answers to the questions and then record their answers in their notebooks. 

• Homework – Study for tomorrow’s quiz 
(DCI – PS1.C   SEP – Models, Construct,   XCC:  Patterns, Cause & Effect, Energy &  Matter) 

 
 

Period 11 (HS-PS1-8) 
Objective(s): identify and describe the elements and their arrangement in the periodic table, recognize that the elements 
in the periodic table are arranged by the numbers of protons in atoms, explain the development of the current atomic 
structure including a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively-
charged electrons, identify the number of protons and neutrons in the nucleus before and after nuclear decay, identify 
the emitted particles (i.e. alpha, beta, electrons, and gamma) in nuclear decay, develop five distinct models to illustrate 
the relationships between the components underlying the nuclear processes of 1) fission, 2) fusion, and 3) three 
distinct types of radioactive decay 

• Summative Quiz 
(DCI – PS1.C    SEP – Models, Construct    XCC:  Patterns, Cause & Effect, Energy & Matter) 

 
 

Period 12 (HS-PS4-1, HS-PS4-3, HS-PS4-4) 
Objective(s): explain the relationship among wavelength, frequency, and energy of a wave, evaluate the given claims, 
evidence, and reasoning for modeling electromagnetic radiation as both a wave and particle, considering the transfer of 
energy and information within and between systems, and why for some aspects the wave model is more useful and for 
other aspects the particle model is more useful to describe the transfer of energy and information 

• Complete Slinky Demo followed by Wave Assessment Probe 
o Discuss the Demo and Assessment Probe 

• Read “Chem To Go” Reading 
o Revise Assessment Probe 

• Begin the Emission Spectra Mini Activity 
(DCI – PS4.A, PS4.B   SEP – Models, Construct    XCC:  Cause & Effect, Energy & Matter, Systems & Models) 
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Period 13 (HS-PS4-1, HS-PS4-3, HS-PS4-4) 
Objective(s): explain the relationship among wavelength, frequency, and energy of a wave, evaluate the given claims, 
evidence, and reasoning for modeling electromagnetic radiation as both a wave and particle, considering the transfer of 
energy and information within and between systems, and why for some aspects the wave model is more useful and for 
other aspects the particle model is more useful to describe the transfer of energy and information 

• Complete the Emission Spectra Mini Activity 
• Begin the “Chem To Go” Problem Set and complete for Homework 

(DCI – PS4.A, PS4.B   SEP – Models, Construct    XCC:  Cause & Effect, Energy & Matter, Systems & Models) 
 
 
 
 

Period 14 (HS-PS4-1, HS-PS4-3, HS-PS4-4) 
Objective(s): explain the relationship among wavelength, frequency, and energy of a wave, evaluate the given claims, 
evidence, and reasoning for modeling electromagnetic radiation as both a wave and particle, considering the transfer of 
energy and information within and between systems, and why for some aspects the wave model is more useful and for 
other aspects the particle model is more useful to describe the transfer of energy and information, analyze and 
evaluate the effects that different frequencies of electromagnetic radiation have when absorbed by matter 

• Have students “Carousel Share” their “Chem To Go” Answers on the whiteboards 
• Complete the Flame Test Activity 

 
 
 
 

• Record Flame Test Lab (Purpose, Data, Calculations, and Conclusion) in Lab Journal (to be 
completed at home if necessary) 

(DCI – PS4.A, PS4.B   SEP – Models, Construct    XCC:  Cause & Effect, Energy & Matter, Systems & Models) 
 
 

Period 15 (HS-PS1-2, HS-PS1-3) 
Objective(s): write electron configurations, both standard and noble gas, for the electrons of elements on the 
periodic table 

• QFT – How are electrons arranged in an atom? 
o “Carousel Share” answers on whiteboards. 

 Discuss and revise. 
• Have students create an energy level/sublevel periodic table. 
• Electron Configuration Deck of Cards – have students work in pairs with a set Electron Configuration 

Element Cards and have them develop a set of rules for writing Electron Configurations. 
o “Carousel Share” answers on whiteboards. 

 Discuss and revise. 
(DCI – PS1.A    SEP – Models, Analyze    XCC:  Patterns, Stability & Change) 

 
 

Period 16 (HS-PS1-2, HS-PS1-3) 
Objective(s): write electron configurations, both standard and noble gas, for the electrons of elements on the 
periodic table 

• Elaborate on current rules for writing Electron Configurations to include Noble Gas Shortcut. 
• Complete Electron Configuration Battleship Game. 
• Homework – Study for tomorrow’s quiz. 

(DCI – PS1.A    SEP – Models, Analyze    XCC:  Patterns, Stability & Change) 
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Period 17 (HS-PS1-2, HS-PS1-3) 
Objective(s): write electron configurations, both standard and noble gas, for the electrons of elements on the periodic 
table, elaborate on and explain how the arrangement of the main groups of the periodic table reflects patterns of 
outermost electrons, use the periodic table to predict the patterns of behavior of the elements (predict the number 
and charges in stable ions that form from atoms in a group of the periodic table and predict the trend in reactivity, 
ionization energy, and atomic radii both across a period and down a group) 

• Electron Configuration Quiz 
• Read “Chem To Go” on the Periodic Table Revealed 

(DCI – PS1.A    SEP – Models, Analyze    XCC:  Patterns, Stability & Change) 
 
 

Period 18 (HS-PS1-1, HS-PS1-2, HS-PS1-3) 
Objective(s): elaborate on and explain how the arrangement of the main groups of the periodic table reflects patterns 
of outermost electrons, use the periodic table to predict the patterns of behavior of the elements (predict the 
number and charges in stable ions that form from atoms in a group of the periodic table and predict the trend in reactivity, 
ionization energy, and atomic radii both across a period and down a group) 

• Periodicity (Ionization Energy, Atomic Radius, and Electronegativity) Activity 
• Record Periodicity Lab (purpose, graph, and conclusion) in Lab Journal 

(DCI – PS1.A , ETS1.C SEP – Models, Obtaining Info, Analyze, Construct, Engage XCC: Patterns, Cause & Effect, Stability 
& Change) 

 
 

Period 19 (HS-PS1-1, HS-PS1-2, HS-PS1-3, HS-ETS1-2, HS-PS1-8, HS-PS4-1, HS-PS4-3, HS-PS4-4) 
Objective(s): elaborate on and explain how the arrangement of the main groups of the periodic table reflects patterns 
of outermost electrons, use the periodic table to predict the patterns of behavior of the elements (predict the 
number and charges in stable ions that form from atoms in a group of the periodic table and predict the trend in reactivity, 
ionization energy, and atomic radii both across a period and down a group), develop an investigation plan and describe 
the data that will be collected and the evidence to be derived from the data , evaluate the investigation 

• Discuss the Chem Extend for the Periodicity (Ionization Energy, Atomic Radius, and Electronegativity) 
Activity 

• Discuss with partner any final revisions/additions to your Unit Challenge 
• Homework – Study for the Unit Test (to be taken in two days) 

(DCI – PS1.A, PS4.A, PS4.B ETS1.C SEP – Models, Obtaining Info, Analyze, Construct, Engage XCC: Patterns, Cause & 
Effect, Energy & Matter, Systems & Models, Structure & Function, Stability & Change) 

 
 

Period 20 (HS-PS1-1, HS-PS1-2, HS-PS1-3, HS-ETS1-2, HS-PS1-8, HS-PS4-1, HS-PS4-3, HS-PS4-4) 
Objective(s): develop an investigation plan and describe the data that will be collected and the evidence to be derived 
from the data , evaluate the investigation 

• Make any final revisions/additions to your Unit Challenge (due in two days) 
• Homework – Study for tomorrow’s Unit Test 

(DCI – PS1.A, PS4.A, PS4.B ETS1.C SEP – Models, Obtaining Info, Analyze, Construct, Engage XCC: Patterns, Cause & 
Effect, Energy & Matter, Systems & Models, Structure & Function, Stability & Change) 

 
 

Period 21 (HS-PS1-1, HS-PS1-2, HS-PS1-3, HS-ETS1-2, HS-PS1-8, HS-PS4-1, HS-PS4-3, HS-PS4-4) 
Objective(s): develop an investigation plan and describe the data that will be collected and the evidence to be derived 
from the data , evaluate the investigation 

• “Carousel Share” Unit Challenge Games 
(DCI – PS1.A, PS4.A, PS4.B ETS1.C SEP – Models, Obtaining Info, Analyze, Construct, Engage XCC: Patterns, Cause & 
Effect, Energy & Matter, Systems & Models, Structure & Function, Stability & Change) 
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Period 22 (HS-PS1-1, HS-PS1-2, HS-PS1-3, HS-ETS1-2, HS-PS1-8, HS-PS4-1, HS-PS4-3, HS-PS4-4) 
Objective(s): identify and describe the elements and their arrangement in the periodic table, recognize that the elements 
in the periodic table are arranged by the numbers of protons in atoms, explain the development of the current atomic 
structure including a positively-charged nucleus composed of both protons and neutrons, surrounded by negatively-
charged electrons, identify the number of protons and neutrons in the nucleus before and after nuclear decay, identify 
the emitted particles (i.e. alpha, beta, electrons, and gamma) in nuclear decay, develop five distinct models to illustrate 
the relationships between the components underlying the nuclear processes of 1) fission, 2) fusion, and 3) three distinct 
types of radioactive decay, explain the relationship among wavelength, frequency, and energy of a wave, evaluate the 
given claims, evidence, and reasoning for modeling electromagnetic radiation as both a wave and particle, considering 
the transfer of energy and information within and between systems, and why for some aspects the wave model is 
more useful and for other aspects the particle model is more useful to describe the transfer of energy and 
information, analyze and evaluate the effects that different frequencies of electromagnetic radiation have when 
absorbed by matter, write electron configurations, both standard and noble gas, for the electrons of elements on the 
periodic table, elaborate on and explain how the arrangement of the main groups of the periodic table reflects patterns 
of outermost electrons, use the periodic table to predict the patterns of behavior of the elements (predict the number 
and charges in stable ions that form from atoms in a group of the periodic table and predict the trend in reactivity, 
ionization energy, and atomic radii both across a period and down a group) 

• The Periodic Table, Atomic Structure, and Trends Unit Test 
(DCI – PS1.A, PS4.A, PS4.B ETS1.C SEP – Models, Obtaining Info, Analyze, Construct, Engage XCC: Patterns, Cause & 

Effect, Energy & Matter, Systems & Models, Structure & Function, Stability & Change) 
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Organizing a Grocery Store 

 
Some supermarkets sell books, flowers, and prescription drugs in addition to eggs, meat, and cereal. 
• How many different items do you think that a supermarket has? 

Investigate 

Part I 
 

1. Suppose that you decide to go into the business of opening and running a supermarket. With your 
partner, brainstorm a list of 50 to 100 items you would sell at your supermarket. 

a. Each of you should record this list in your notebook. 
2. Make a map diagraming the locations of all of the items in your store. 

a. Each of you should record this map in your notebook. 
b. Your group should also record the map on your whiteboard 

3. Describe why you have arranged your store in the manner that your have. You may write your 
explanation in a paragraph or as bullets of information. 

a. Each of you should record this explanation in your notebook. 
b. Your group should add your explanation to your whiteboard. 

4. Displace your whiteboards around the room. 
5. Take a few minutes to review how other students setup their stores and then return to your desks. 

a. Be prepared to discuss your store’s arrangement and how it was similar and different to the 
other arrangements that were displayed. 

 
Part II (post-discussion) 

 
1. Do you feel the need to make any revisions to the arrangement of your grocery store? 

a. Discuss this with your partner, make any desired changes, and record the revisions in your 
notebooks along with an explanation for the revisions. 
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Chem Extend – Organizing a Grocery Store 
 

Answer the following questions in your notebook. 
 

1. What is the pattern or arrangement in your store’s aisles? 
2. 
2. Choose one aisle in your store. Describe the arrangement of items in this aisle going from the front 

of the store to the back of the store. What is the trend (of general “drift”) in that aisle? 
 

3. A new item is brought into the store – chocolate covered raisins. Where would place this item? 
Provide an explanation for your decision. 

 
4. Halloween is approaching and your store decides to sell napkins, plates, and decorations for 

Halloween. How will you adapt your store arrangement to make room for these items? 
 

5. Organizing 50 to 100 items in your store is like the problem faced by Mendeleev when he organized 
about the same number of chemical elements into the periodic table. One of the characteristics of 
Mendeleev’s original periodic table was a series of blank spots. Mendeleev expected these would 
eventually be filled with elements yet to be discovered. What would such a “blank” correspond to 
in your store? 
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Elements and Their Properties 
 

Throughout history, philosophers and scientists have talked about “the elements.” Reference to elements is 
most frequent today in the field of chemistry. 

• What is an element? 

Investigate 

Part I 
 

1. With your partner, make a list of four substances you use or see every day that meet your 
definition of an element. 

a. Record this list in your notebook. 
 

2. The ancient Greeks believed that the four elements were earth, air, fire, and water. The 
alchemists of the early Renaissance identified a limited number of elements including: 
mercury, sulfur, and salt. 

a. Does each of the above “elements” satisfy your definition of an element? Why or why not? 
i. Record your answers in your notebook. 

 
Part II 

 
1. Your teacher will provide you with several common samples of elements: aluminum, carbon, 

copper, iodine, iron, magnesium, silicon, sulfur, and zinc.  You will investigate the properties of 
these elements. By observing common properties, you may gain insight into how an organizational 
chart can be created for all of the known elements. 

a. Observe the sample of the chemical element in each jar (without removing any). You can 
record a description this initial observation of each element in the first column of the Data 
Table 1. (This data table can be stapled into your notebook.) 

 
2. One of the properties of the elements on Mendeleev’s cards was the ability to conduct an 

electric current. Using the conductivity sensor, test the element’s ability to conduct electricity. 
a. Record your observations in the third column of the data table. 
b. Based on your initial observation and the results of the conductivity test, can you suggest a 

way to organize the elements? Describe an arrangement in your notebook. 
 

3. Another property of each element known to Mendeleev was how it reacts with an acid. 
a. Pout 5 mL of 3 M hydrochloric acid (HCl) into each of nine small test tubes. (3 M is an 

indication of the concentration of the acid.) 
b. Use a scoopula or tongs to remove a small portion of each element from the jar and add it 

to the hydrochloric acid. It is important to add the hydrochloric acid to the test tube first so 
that you will not be surprised by a reaction that occurs when you pour acid over a reactive 
element. 

c. Place a piece of white paper in the background behind the test tube and observe the 
reaction between the element and hydrochloric acid by looking through the side of the test 
tube. 

d. In the fourth column of the data table, record whether the element reacts with the acid. 
i. For those elements that do react, try to determine whether all show the same 
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relative vigor of reaction. 
1. Is the reaction vigorous or weak? 

 
4. Clean the test tubes as directed by your teacher. 

 
5. Review the information in your data table and your original arrangement of the element. How 

would you modify this arrangement to accommodate your new data? 
a. Record your explanation in your notebook. 

 
6. Place a small sample of each element on a watch glass. Use a magnet and test each element to see 

if it is attracted to the magnet. 
a. Record your observations in the 5th column of your data table. 

 
7. A metal is generally a solid that is shiny (lustrous), malleable, and a good conductor of heat and 

electricity. Nonmetals have a wide range of properties. Some are dull and brittle, but others, like 
diamond, are hard and brilliant, and still others are gases or liquids. Most are poor conductors of 
electricity. Classify each of the elements you observed as either a metal or nonmetal. 

a. Record your answers in the last column of your data table. 
 

8. When elements react to combine with oxygen they form oxides. Another way to determine whether 
an element is a metal or nonmetal is to see how the oxide reacts with a universal indicator to 
determine the pH. The term pH is a way of describing how acidic or basic a solution is. A pH of 7 is 
neutral, lower than 7 is acidic, and higher than 7 is basic. Most oxides of metals will produce a pH 
greater than 7 (base).  Most oxides of nonmetals will produce a pH lower than 7 (acid). 

 
9. You will now investigate the pH of the oxides to see if your initial determination of metal versus 

nonmetal was correct. The elements that you have been investigating form common oxides 
(compounds containing oxygen), as shown in Data Table 2. 

 
10. If the oxide is a solid, add a small amount of the oxide to a test tube. Then add about 10 mL of 
distilled water. Stir the mixture to get some of the oxide to dissolve. If the oxide is a solution, simply 
add about 10 mL of it to a test tube. (You will need 8 small test tubes in total.) Add 1-2 drops of 
universal indicator to each test tube and use the color chart to determine the pH of each oxide 
solution. 

 
a. Record the results of the pH test in Data Table 2. (This data table can be stapled into your 

notebook.) 
b. Were all of the oxides that had a pH higher than 7 identified in Data Table 1 as metals? 

(Record a detailed answer in your notebook.) 
c. Were all of the oxides that had a pH lower than 7 identified in Data Table 1 as 

nonmetals? (Record a detailed answer in your notebook.) 
 
* For this lab, the pH observation is the one you rely on to tell the difference between metals and 

nonmetals.  (Although, there are some exceptions to this.) 
 

11. With your lab partner, create an index card for each element. Find a way to sort these element 
cards based on their properties. Your method of sorting will be considered successful if you can 
quickly find an element and know from its position whether it: 
 



SCN300 CONCEPTUAL CHEMISTRY I 64 

i. Conducts electricity 
ii. Reacts with hydrochloric acid (HCl) 

iii. Is metallic or nonmetallic 
a. Record your method of sorting the cards in your notebook and on your whiteboard. 
b. Exchange your whiteboard with another group. Record in your notebook: 

i. In what two ways are the arrangements similar? 
ii. In what two ways are the arrangements different? 

iii. Which of these two arrangements do you think better allows you to quickly find if 
an element conducts electricity, if an element reacts with HCl, or if an element is 
metallic or nonmetallic? Explain. 

 
 

Lab Notebook 
For this lab, include the following in your lab notebook: 

• Write a purpose statement. 
• Generate Observation/Data Table(s) to display your observations/data. 
• Write a conclusion in paragraph format. The conclusion should be a succinct and coherent way of 

addressing the following: 
o What did you do in the lab? (purpose) 
o What did you find in the lab? (data) 
o What do you think? (analysis of data) 
o What are your sources of error? 
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Chem Extend – Elements and Their Properties 
 
 

Answer the following questions in your notebook. 
 

1. What criteria did you use to differentiate metals from nonmetals in this investigation? 
a. Is this a valid statement of a trend you saw: as the color of the element becomes darker, 

the element is less metallic. Support your assessment of this statement with evidence that 
you observed in your investigation. 

b. Is this a valid statement of a trend you saw: the elements react with hydrochloric acid more 
as you move down a list of the elements in alphabetical order. Support your assessment of 
this statement with evidence that you observed in your investigation. 

 
2. Which element(s) is/are likely to be a good conductor(s) of electicity? 

a. Copper 
b. Sodium 
c. Carbon 
d. Neon 
 

3. The pH test for tin oxide would show that it is: 
a. Acidic (pH lower than 7) 
b. Basic (pH higher than 7) 
c. Explain your choice. 
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Exploration of IONIC and COVALENT Characteristics 
Name Period    

 

Objective: Elements are not usually found alone in nature. Rather, a chemical bond may form 
between two or more elements to make a compound. Compounds can be characterized as ionic, 
covalent or metallic. In this lab, you will explore the characteristics of 2 major types of bonds: 
ionic bonds and covalent bonds. 

Procedure: Visit each station and perform the following. 
1.   Read the “test information” provided for each station below. 
2. Perform the procedure as indicated. 
3. Make careful observations for the covalent substances and ionic substances. 
4. Write a claim as well as the evidence used to support that claim which explains how 

ionic 
and covalent compounds are similar or different. 

 

Definition of claim and evidence Example sentence starters 
Claim: A statement of what is true or believed to be true It was determined that    
Evidence: Facts obtained from an experiment that relate 
to and support the claim 

The evidence that supports this claim is   

 

Station #1: Conductivity 
Test Information Procedure 
Conductivity is the ability for a substance to conduct 
electricity. If compounds produce ions in water 
(aqueous), then they will conduct electricity. Determine 
whether a substance conducts electricity by placing the 
conductivity tester in solution. 

Lights up BRIGHTLY = STRONG conductor 
Lights up DIMLY = WEAK conductor 

DOES NOT light up = DOES NOT conduct electricity 

1. Hold each solution under 
the conductivity tester and 
observe 
2. Make sure to use the 
rinse beaker in between 
substances. 

Observations Claim Evidence 
Ionic Covalent   

  

 

Station #2:  Crystal Structure 
Test information Procedure 
Crystal structures form from the 
interaction of positive ions (cations) and 
negative ions (anions). If it does not have a 
crystal structure, then it usually just has 
anions. 

Look at each substance 
under the microscope and 
observe the structure. 
Describe and draw what 
you see. 

Observations Claim Evidence 
 
 



SCN300 CONCEPTUAL CHEMISTRY I 67 

c C en  

   r g*** W  GOGG  

 
 
 
 
 
 
 
 
 
 

Test information Procedure 
When a substance burns, it goes 
through a chemical change. This can 
be observed when colors change to 
brown or black. 

1. Place a micro amount of the first substance onto the 
nichrome wire and carefully put into the Bunsen 
burner. Observe. 
2. Repeat with each of the other substances. 
3. Clean up your station when done. 

Observations Claim Evidence 
Ionic Covalent   

  

 

Station #4: Component of compounds:  Metals or Non-metals 
Test information Procedure 
To determine the type of bond in a 
substance, analyze whether a 

nonmetal is bonded to a nonmetal 
or 

a metal is bonded to a nonmetal. 

1. Study the chart of ionic and covalent compounds. 
2. Record similarities of the ionic and covalent in terms of 
whether they contain only metals, only non-metals, or both 
metals and non-metals. 

Observations: Claim Evidence 
Ionic Covalent   

  

 
 
Station #5: Brittleness/Hardness 

Test information Procedure 
Certain bonds tend to form brittle 
structures. A substance is brittle, if it is hard 
and fractures into many pieces when it does 
break. 

1. Touch the substances with your fingers to determine whether 
they are hard or soft. 
2. To test brittleness, place a micro amount of each sample into 
the mortar. 
3. Gently grind with pestle and observe. 
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 4. Repeat with each of the samples 
5. CLEAN when finished (place solids into waste 
bins) 

Observations Claim Evidence 
Ionic Covalent   

  

Station #6:  Energy of forming bonds. *** WEAR SAFETY GOGGLES!!! 
Test information Procedure 
Energy is released when bonds from. The 
amount of energy released indicates the bond’s 
strength. Observe any differences in energy 
released when the bonds are formed. You will be 
forming an ionic compound (MgO) and a 
covalent compound (CO2) 

1. Place the magnesium in the flame using the tongs. 
Observe. This was the formation of MgO (ionic 
compound)- place leftover MgO into water container 

 
2. Place the carbon in the flame. Observe. This was the 
formation of CO2 (covalent compound)- place leftover 
carbon into the waste container (in water) 

Observations Claim Evidence 

Ionic (formation of 
MgO) 

Covalent (formation of 
CO2) 

  

 

Station #7: Melting points 
Test information Procedure 
Melting point is the temperature at which 
a solid becomes liquid. Certain types of 
compounds tend to have higher melting 
points than others. 

1. Look at the chart of ionic and covalent compounds. 
2. Compare the melting points of ionic and covalent 
compounds in terms of which tend to be higher and which are 
lower. 

Observations Claim Evidence 

Ionic Covalent   
 

Compound 
Melting 
Points 

 
Compound 

Melting 
Points 

CaI2  HNO3  
CaCl2  O3  
MgO  P4O6  
KBr  SO2  
NaCl  H2O  

 

Station #8:  Differences in Electronegativity Values 
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Test information Procedure 
Compounds may be characterized by analyzing 
the electronegativity differences between the 
elements making up the compound. Subtract the 
two electronegativity values from each other. 
(Ignore subscripts when you subtract) 
For example: CaCl2 

Ca: 1.00  Cl: 3.16 The difference is    

1. Study the chart of electronegativity values at station #8 
page (or in your Glencoe textbook page 169) 
2. Determine the differences in electronegativity for the ionic 
compounds (by subtracting) and write the differences under 
ionic. 
3. Then, determine the differences in electronegativity for the 
covalent compounds (by subtracting) and write the differences 
under covalent. 

Observations Claim Evidence 
Ionic Covalent   
Compound Difference Compound Difference 
NaCl  NO2  
MgBr2  BrCl  
NaF  SO2  
CaF2  PO4  
Cs2O  CO2  

Conclusion: 
 

In a full paragraph explain what you have learned. What is one source of error? How would this error affect 
your results? What would you change to improve the accuracy of your results? 

 
In this experiment, it was discovered that 

 
 

 

  _. 

Three examples of data and evidence from the experiment that support this claim are 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

  . 

One source of error in this experiment could have been     

  . 
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This could have affected the results by _ 
 

  . 
 
 

 

 
 

 

 

I would reduce the error and improve the lab by    
 
 

 

 

  . 
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Unit 1 Challenge – Fun with the Periodic Table 

 
Scenario 
Every time you say you like or don’t like something, you are putting it into a category. You have 
probably developed categories for many things in your life. You may have categories for food you 
eat for breakfast, as opposed to dinner, or clothes you wear to school, as opposed to at home. Can 
you imagine what you life would be like if nothing were sorted into categories? What if you went 
shopping in a supermarket that displayed milk next to shoe polish, next to oranges, next to oatmeal, 
next to hams, next to soda, next to detergent? Where would you look for your yogurt, shoelaces, 
cereal, ground beef, lemonade, or soap? 

 
That kind of supermarket display pretty much describes the state of chemistry in the mid-nineteenth 
century. By then chemists had identified and isolated a large number of elements. However, they 
needed a way to sort elements into categories – much as a supermarket groups milk with yogurt, 
shoe polish with shoelaces, oatmeal with cereal, ham with ground beef, and detergent with soap. 

 
Like similar items in a supermarket, some elements share similar chemical properties. The chemists 
credited for successfully arranging the elements according to their properties are Russian scientist 
Dmitri Mendeleev and German scientist Julius Lothar Meyer, who developed a table at the time. 

 
One of the things Mendeleev did was to write down everything that was known about each element 
on a small card, creating a puzzle. He solved that puzzle when he arranged the first version of what is 
now known as the periodic table of the elements. 

 
In Mendeleev’s time, the periodic table was a way of arranging elements according to their chemical 
behavior. Fifty years later, scientists discovered that it also revealed information about those 
elements’ atomic structures, too. 

 
Your Challenge 
Your challenge in this unit is to develop a game related to Mendeleev’s periodic table of the 
elements. 
How the game is played – on a table, with cards, on a computer – is up to you. You might emphasize 
some aspects of the periodic table over others, such as why the elements are grouped the way they 
are or how the electrons of the elements are configured. You may choose to focus on some types of 
information related to the table, like the discovery of atomic structure, or why some elements are 
radioactive. 

 
Criteria for Success 
Your game will be graded on the following qualities: 

• How well the game shows your understanding of the periodic table 
• How well the game enables players to learn about the periodic table 
• How engaging the game is to play 
• How long the game takes to play 

You will be provided with a rubric so that you have a firm understanding of the criteria needed for 
success with your Unit 1 Challenge. 
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Engineering Design Cycle 
 

You have now heard 
about the Unit 1 
Challenge – to design a 
periodic table game. This 
challenge requires you to 
create to modify an 
existing game to help 
people learn 
information related to 
Mendeleev’s periodic 
table of the elements. You 
will use a simplified 
Engineering Design 
Cycle to help complete this 
design challenge. 
Understanding the Goal is 
the first step in any 
design cycle. Because you 
already know the 
product you must 
deliver, you have 
already begun using the Engineering Design Cycle. 

 
As we progress through this unit, you will be gaining Inputs. These will include new chemistry 
concepts, vocabulary, models for organizing information that will help you to create and explain your 
game, and new and useful information that might be included in your game. When your group 
prepares the Mini-Challenge presentation and the Unit Challenge, you will be completing the Process 
step of the Engineering Design Cycle in which you will evaluate ideas, consider criteria, compare and 
contrast potential solutions, and make design decisions about the format of your game and the 
information it will help players learn. 

 
The Outputs of your Engineering Design Cycle will include your presentation during the Mini- 
Challenge and ultimately the game you design. First, from your presentation, you will receive 
Feedback from your classmates and your teacher about what parts of your game are effective and 
which parts need to be refined. This will allow you to repeat the Engineering Design Cycle. As we 
continue through the unit, you will gain more inputs, further refine your game design, and complete 
all of the components of your final game design. Then, upon completion of the Unit Challenge, your 
classmates and teacher will have the opportunity to provide Feedback again by playing and 
evaluating your final game design. 
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APPENDIX E SAMPLE UNIT PLAN FOR BONDING AND NOMENCLATURE  



SCN300 CONCEPTUAL CHEMISTRY I 74 

SAMPLE UNIT PLAN FOR BONDING AND 
NOMENCLATURE  

ESTIMATED TIMING – 23 Class Periods (4 weeks) 
 

Period 1 (HS-PS1-1, HS-ETS1-4) 
Objective(s): Predict and explain the number and types of bonds formed (i.e. ionic, polar covalent, covalent, metallic) 
by an element and between elements as determined by valence electrons and electronegativity. 

• Introduce the Unit Challenge 
• Intro to Bonding Activity 

(DCI – PS1.A, ETS1.B   SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Systems) 
 
 

Period 2 (HS-PS1-1) 
Objective(s): Predict and explain the number and types of bonds formed (i.e. ionic, polar covalent, covalent, metallic) 
by an element and between elements as determined by valence electrons and electronegativity. 

• Complete & Discuss Chem Extend Bonding 
• Introduce Bonding Simulation (Molecular Workbench: mw.concord.org) (to be completed next period) 

(DCI – PS1.A,  SEP – Models, Obtaining Info, Analyze  XCC:  Patterns, Cause & Effect,  Systems) 
 
 

Period 3 (HS-PS1-1) 
Objective(s): Predict and explain the number and types of bonds formed (i.e. ionic, polar covalent, covalent, metallic) 
by an element and between elements as determined by valence electrons and electronegativity. 

• Complete Bonding Simulation (Molecular Workbench: mw.concord.org) 
• Homework – “Chem To Go” Reading 

(DCI – PS1.A,  SEP – Models, Obtaining Info, Analyze  XCC:  Patterns, Cause & Effect, Stability & Change,  Systems) 
 
 

Period 4 (HS-PS1-1, HS-PS1-2, HS-PS2-4) 
Objective(s): Describe the electrostatic force between the ions in an ionic bonds; Name and write chemical formulas 
for ionic compounds. 

• QFT – How is an ionic bond formed? 
o Class Discussion focused on naming and writing chemical formulas for ionic compounds. 

• Ion Dating Game (if necessary, nomenclature to be completed for homework 
(DCI – PS1.A, PS2.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change) 

 
 

Period 5 (HS-PS1-1, HS-PS1-2, HS-PS2-4) 
Objective(s): Describe the electrostatic force between the ions in an ionic bonds; Name and write chemical formulas for 
ionic compounds and simple acids. 

• Carousel Share and Evaluation of Ion Dating Game 
o Revisions made as necessary. 

• Class Discussion focused on naming and writing chemical formulas for ionic compounds and simple acids. 
• Sweet 16 Ion Tourney Part 1 

(DCI – PS1.A, PS2.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change) 
 
 

Period 6 (HS-PS1-1, HS-PS1-2, HS-PS2-4) 
Objective(s): Name and write chemical formulas for ionic compounds and simple acids. 

• Carousel Share and Evaluation of Sweet 16 Ion Tourney Part I 
o Revisions made as necessary. 

• Class Discussion focused on reviewing naming and writing chemical formulas for simple acids. 
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• Sweet 16 Ion Tourney Part II 

(DCI – PS1.A, PS2.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change) 
Period 7 (HS-PS1-1, HS-PS1-2, HS-PS2-4) 
Objective(s): Name and write chemical formulas for simple acids and molecular (covalent) compounds. 

• Carousel Share and Evaluation of Sweet 16 Ion Tourney Part II 
o Revisions made as necessary. 

• Molecular Matching Activity 
(DCI – PS1.A, PS2.B  SEP – Models, Obtaining Info, Analyze  XCC: Patterns, Cause & Effect, Stability &   Change) 

 
 

Period 8 (HS-PS1-1, HS-PS1-2, HS-PS2-4) 
Objective(s): Name and write chemical formulas for ionic compounds, simple acids, and molecular (covalent) 
compounds. 

• Carousel Share and Evaluation of Molecular Matching Activity 
o Revisions made as necessary. 

• “I on It” Naming & Formula Writing Review Activity 
(DCI – PS1.A, PS2.B  SEP – Models, Obtaining Info, Analyze, Engage   XCC:  Patterns, Cause & Effect, Stability & Change)  
Period 9 (HS-PS1-1, HS-PS1-2, HS-PS1-4) 
Objective(s): Name and write chemical formulas for ionic compounds, simple acids, and molecular (covalent) 
compounds; Model the molecular structure of various pure substances. 

• Quiz – Naming & Formula Writing 
• Begin Lewis Structures & Molecular Modeling I 

(DCI – PS1.A, PS1.B, PS2.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
 

Period 10 (HS-PS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules. 

• Continue Lewis Structures & Molecular Modeling I 
(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
 

Period 11 (HS-PS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules; 
Predict the hybridization of the central atom(s) of molecules. 

• Complete Lewis Structures & Molecular Modeling I 
(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
 

Period 12 (HS-PS1-4, HS-ETS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules; 
Predict the hybridization of the central atom(s) of molecules; Explain the relationship between the molecular level 
structure for a chosen material and its function on the macroscopic scale. 

• “Carousel share” Lewis Structures and Molecular Modeling I Activity and Revise as needed 
• Unit Challenge (Draft) – with your partner design a piece of artwork to hang in a studio that accurately 

highlights a variety of important aspects of bonding. Groups will need to provide the class a two minute 
explanation of the type of artwork that they intend on designing for the challenge by the end of this class 
period. Remember the GOAL of the challenge is to teach and aesthetically engage spectators. 

o The Unit Challenge should be worked on throughout the unit. This challenge must be completed 
and in class on the class period before the Unit Test. 
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(DCI – PS1.A, PS1.B, ETS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

Period 13 (HS-PS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules; 
Predict the hybridization of the central atom(s) of molecules. 

• Being Lewis Structures & Molecular Modeling II 
(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
 

Period 14 (HS-PS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules; 
Predict the hybridization of the central atom(s) of molecules. 

• Continue Lewis Structures & Molecular Modeling II 
(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
 

Period 15 (HS-PS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules; 
Predict the hybridization of the central atom(s) of molecules. 

• Complete Lewis Structures & Molecular Modeling II 
• “Carousel share” Lewis Structures and Molecular Modeling I Activity and Revise as needed 

(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
 

Period 16 (HS-PS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules; 
Predict the hybridization of the central atom(s) of molecules. 

• VSEPR Bingo 
• Complete Chem Extend – VSEPR Bingo (if needed complete for homework) 

(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
 

Period 17 (HS-PS1-4) 
Objective(s): Model the molecular structure of various pure substances; Predict the VSEPR geometry of molecules; 
Predict the hybridization of the central atom(s) of molecules. 

• Discuss Chem Extend – VSEPR Bingo and Revise as needed 
• Quiz – Lewis Structures, VSEPR, Hybridization 

(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 

 
Period 18 (HS-PS1-3, HS-PS1-4) 
Objective(s): Predict the polarity of molecules from their VSEPR structures. 

• PhET Molecular Polarity 
• Complete Chem Extend – PhET Molecular Polarity (if needed complete for homework) 

(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, Structure 
& Function) 

 



SCN300 CONCEPTUAL CHEMISTRY I 77 
Period 19 (HS-PS1-3, HS-PS1-4) 
Objective(s): Predict the polarity of molecules from their VSEPR structures. 

• Discuss Chem Extend – PhET Molecular Polarity and Revise as needed 
• Begin An Investigation of Molecular Polarity Via Capillary Action 

(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, Structure 
& Function) 

 
 

Period 20 (HS-PS1-3, HS-PS1-4) 
Objective(s): Predict the polarity of molecules from their VSEPR structures. 

• Complete An Investigation of Molecular Polarity Via Capillary Action 
• Record An Investigation of Molecular Polarity Via Capillary Action Lab (Purpose, Data, Calculations, and 

Conclusion) in Lab Journal 
(DCI – PS1.A, PS1.B  SEP – Models, Obtaining Info, Math,  Analyze  XCC: Patterns, Cause & Effect, Stability & Change, 
Structure &  Function) 

 
 

Period 21 (HS-PS1-1, HS-PS1-2,HS-PS1-3, HS-PS1-4, HS-PS2-4, HS-PS2-6, HS-ETS1-4) 
Objective(s): Predict and explain the number and types of bonds formed (i.e. ionic, polar covalent, covalent, metallic) 
by an element and between elements as determined by valence electrons and electronegativity; Describe the 
electrostatic force between the ions in an ionic bond; Name and write chemical formulas for ionic compounds, molecular 
compounds, and simple acids; Model the molecular structure of various pure substances; Predict the VSEPR geometry 
of molecules; Predict the hybridization of the central atom(s) of molecules; Predict the polarity of molecules from their 
VSEPR structures; Explain the relationship between the molecular level structure for a chosen material and its function 
on the macroscopic scale. 

• Discuss with partner any final revisions/additions to your Unit Challenge 
• Review/Homework – Study for the Unit Test (to be taken in two days) 

(DCI – PS1.A, PS1.B, PS2.B, ETS1.B  SEP – Models, Obtaining Info, Analyze, Engage   XCC:  Patterns, Cause & Effect, Stability 
& Change, Structure & Function) 

 

 
Period 22 (HS-PS1-1, HS-PS1-2,HS-PS1-3, HS-PS1-4, HS-PS2-4, HS-PS2-6,  HS-ETS1-4) 
Objective(s): Explain the relationship between the molecular level structure for a chosen material and its function on the 
macroscopic scale. 

• “Carousel Share” Unit Challenge Artwork 
• Homework – Study for tomorrow’s Unit Test 

(DCI – PS1.A, PS1.B, PS2.B, ETS1.B     SEP – Models, Obtaining Info, Analyze, Engage   XCC:  Patterns, Cause & Effect, 
Stability & Change, Structure & Function) 

 
Period 23 (HS-PS1-1, HS-PS1-2,HS-PS1-3, HS-PS1-4, HS-PS2-4, HS-PS2-6,  HS-ETS1-4) 
Objective(s): Predict and explain the number and types of bonds formed (i.e. ionic, polar covalent, covalent, metallic) 
by an element and between elements as determined by valence electrons and electronegativity; Describe the 
electrostatic force between the ions in an ionic bond; Name and write chemical formulas for ionic compounds, molecular 
compounds, and simple acids; Model the molecular structure of various pure substances; Predict the VSEPR geometry 
of molecules; Predict the hybridization of the central atom(s) of molecules; Predict the polarity of molecules from their 
VSEPR structures; Explain the relationship between the molecular level structure for a chosen material and its function 
on the macroscopic scale. 

• Unit 2 Test 
(DCI – PS1.A, PS1.B, PS2.B  SEP – Models, Obtaining Info, Analyze   XCC:  Patterns, Cause & Effect, Stability & Change, 
Structure & Function) 
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APPENDIX F SAMPLE UNIT PLAN FOR MATTER AND ITS CHANGES 
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SAMPLE UNIT PLAN FOR MATTER AND ITS 
CHANGES 

 

ESTIMATED TIMING – 12 Class Periods (2 weeks) 
 

Period 1 (HS-PS1-1, HS-PS1-3) 
Objective(s): Differentiate between pure substances and mixtures (and between elements/compounds and 
homogeneous/heterogeneous mixtures). 

• Classification of Matter Probe 
• Carousel of Probe Followed by Class Discussion 
• POGIL Classification of Matter Activity 
• HW – Chem Extend for Classification of Matter 

(DCI – PS1.A   SEP – Models, Obtaining Info, Construct   XCC:  Patterns, Energy & Matter) 
 

Period 2 (HS-PS1-1, HS-PS1-3, HS-ETS1-2) 
Objective(s): Differentiate between pure substances and mixtures (and between elements/compounds and 
homogeneous/heterogeneous mixtures); Use scientific knowledge to generate/design solutions to an existing 
task/problem. 

• Discuss Chem Extend for Classification of Matter 
• Quiz – Classification of Matter 
• Transition to Separation of a Mixture Activity 

(DCI – PS1.A, ETS1.C  SEP – Models, Obtaining Info, Analyze, Construct  XCC:  Patterns, Cause & Effect, Energy  
&Matter) 

 
Period 3 (HS-PS1-1, HS-PS1-3, HS-ETS1-2) 
Objective(s): Differentiate between pure substances and mixtures (and between elements/compounds and 
homogeneous/heterogeneous mixtures); Use scientific knowledge to generate/design solutions to an existing 
task/problem. 

• Continued - Separation of a Mixture Activity 
• Begin - Record Separation of a Mixture Activity (Purpose, Procedure, Data, and Conclusion) in Lab Journal 
• Begin – Chem Extend for Separation of a Mixture Activity 

(DCI – PS1.A, ETS1.C  SEP – Models, Plan & Carry, Obtaining Info, Analyze, Construct, Engage   XCC:  Patterns, Cause & 
Effect, Energy &Matter) 

 
Period 4 (HS-PS1-1, HS-PS1-3, HS-ETS1-2) 
Objective(s): Differentiate between pure substances and mixtures (and between elements/compounds and 
homogeneous/heterogeneous mixtures); Use scientific knowledge to generate/design solutions to an existing 
task/problem. 

• Complete - Separation of a Mixture Activity 
• Complete - Record Separation of a Mixture Activity (Purpose, Procedure, Data, and Conclusion) in Lab Journal 
• Complete – Chem Extend for Separation of a Mixture Activity 
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 (DCI – PS1.A, ETS1.C  SEP – Models, Plan & Carry, Obtaining Info, Analyze, Construct, Engage   XCC:  Patterns, Cause & 
Effect, Energy &Matter) 

 
Period 5 (HS-PS1-1, HS-PS1-3, HS-ETS1-2) 
Objective(s): Differentiate between chemical and physical properties and changes; Use scientific knowledge to 
generate/design solutions to an existing task/problem. 

• Discuss Chem Extend for Separation of a Mixture Activity and Transition to Discussion of Physical/Chemical 
Properties/Changes 

• Begin – Observation & Experiment Activity 
(DCI – PS1.A, ETS1.C  SEP – Models, Obtaining Info, Analyze, Construct  XCC:  Patterns, Cause & Effect, Energy  
&Matter) 

 
Period 6 (HS-PS1-1, HS-PS1-3, HS-ETS1-2) 
Objective(s): Differentiate between chemical and physical properties and changes; Use scientific knowledge to 
generate/design solutions to an existing task/problem. 

• Complete - Observation & Experiment Activity 
• Complete – Record Observation & Experiment Activity (Purpose, Procedure, Data, and Conclusion) in Lab 

Journal 
• Complete – Chem Extend for Observation & Experiment Activity 

(DCI – PS1.A, ETS1.C  SEP – Models, Plan & Carry, Obtaining Info, Analyze, Construct, Engage   XCC:  Patterns, Cause & 
Effect, Energy &Matter) 

 
Period 7 (HS-PS1-3, HS-PS3-1) 
Objective(s): Differentiate between chemical and physical properties and changes; Explain why the spacing of particles 
of a substance change as thermal energy is added or removed from the substance. (Apply the KMT to explain solids, 
liquids, and gases.); Describe and interpret the major features of a phase diagram 

• Discuss Chem Extend for Observation & Experiment Activity 
• Class Discussion – States of Matter (introduce the Kinetic Molecular Theory); Introduce Phase Diagrams 
• Begin – Interpretation of Phase Diagrams Activity (if time allows) 

(DCI – PS1.A, PS3.A, PS3.B  SEP – Models, Obtaining Info, Analyze, Construct  XCC:  Patterns, Cause & Effect, Energy  
&Matter) 

 
Period 8 (HS-PS1-3, HS-PS3-1) 
Objective(s): Explain why the spacing of particles of a substance change as thermal energy is added or removed from 
the substance. (Apply the KMT to explain solids, liquids, and gases.); Describe and interpret the major features of a 
phase diagram 

• Complete – Interpretation of Phase Diagrams Activity (Carousel Share and Discuss this Activity) 
• Chem Extend – Interpretation of Phase Diagrams (Carousel Share and Discuss the Chem Extend) 

(DCI – PS1.A, PS3.A, PS3.B  SEP – Models, Obtaining Info, Analyze, Construct, Engage   XCC:  Patterns, Cause & Effect, 
Energy &Matter 

 

Period 9 (HS-PS1-3, HS-PS3-1) 
Objective(s): Explain why the spacing of particles of a substance change as thermal energy is added or removed from 
the substance. (Apply the KMT to explain solids, liquids, and gases.); Describe and interpret the major features of a phase 
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diagram; Interpret energy changes associated with a heating/cooling curve diagram of a substance; Calculate the energy 
values associated with temperature changes or phase changes of a substance. 

• Quick Quiz – Interpretation of Phase Diagrams 
• Class Discussion – Heating Curves (both qualitative and quantitative aspects) 
• Pair and Share Heating Curve Practice Problems 
• HW – Chem Extend – Heating Curves 

(DCI – PS1.A, PS3.A, PS3.B  SEP – Models, Obtaining Info, Analyze, Using Math  XCC:  Patterns, Cause & Effect, Energy  
&Matter) 

 
Period 10 (HS-PS1-3, HS-PS3-1) 
Objective(s): Explain why the spacing of particles of a substance change as thermal energy is added or removed from 
the substance. (Apply the KMT to explain solids, liquids, and gases.); Interpret energy changes associated with a 
heating/cooling curve diagram of a substance; Calculate the energy values associated with temperature changes or 
phase changes of a substance. 

• Discuss Chem Extend – Heating Curves 
• Creation of Heating Curve Activity 
• Record Creation of Heating Curve Activity (Purpose, Data, Calculations, and Conclusion) in Lab 

Journal (complete for homework if necessary) (DCI – PS1.A, PS3.A, PS3.B SEP – Models, Obtaining Info, 
Analyze, Using Math XCC: Patterns, Cause & Effect, Energy &Matter) 

 
Period 11 (HS-PS1-1, HS-PS1-3, HS-PS3-1) 
Objective(s): Differentiate between pure substances and mixtures (and between elements/compounds and 
homogeneous/heterogeneous mixtures); Differentiate between chemical and physical properties and changes; Explain 
why the spacing of particles of a substance change as thermal energy is added or removed from the substance. (Apply 
the KMT to explain solids, liquids, and gases.); Describe and interpret the major features of a phase diagram; Interpret 
energy changes associated with a heating/cooling curve diagram of a substance; Calculate the energy values associated 
with temperature changes or phase changes of a substance. 

• Review Unit Material – Suggestions for Method of Review: 
o Trashket-ball 
o Snowball Quiz with Anonymous Review 
o Scavenger Hunt Quiz/Race 
o Jeopardy 

(DCI – PS1.A, PS3.A, PS3.B  SEP – Models, Obtaining Info, Analyze, Using Math  XCC:  Patterns, Cause & Effect, Energy  
&Matter) 

 
 
 
 

Period 12 (HS-PS1-1, HS-PS1-3, HS-PS3-1) 

Objective(s): Differentiate between pure substances and mixtures (and between elements/compounds and 
homogeneous/heterogeneous mixtures); Differentiate between chemical and physical properties and changes; Explain 
why the spacing of particles of a substance change as thermal energy is added or removed from the substance. (Apply 
the KMT to explain solids, liquids, and gases.); Describe and interpret the major features of a phase diagram; Interpret 
energy changes associated with a heating/cooling curve diagram of a substance; Calculate the energy values associated 



SCN300 CONCEPTUAL CHEMISTRY I 82 

with temperature changes or phase changes of a substance. 
• Summative Unit Test 

(DCI – PS1.A, PS3.A, PS3.B  SEP – Models, Obtaining Info, Analyze, Using Math  XCC:  Patterns, Cause & Effect, Energy  
&Matter) 
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APPENDIX G NEW JERSEY STUDENT LEARNING STANDARDS FOR SCIENCE (NJSLS) 
ALSO KNOWN AS (NGSS) 
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APPENDIX H NEW JERSEY SCIENCE AND ENGINEERING PRACTICES 
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APPENDIX I MATHEMATICS STANDARDS FOR HIGH SCHOOL 
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Mathematics Standards for High School 
 

The high school standards specify the mathematics that all students should study in order to be college and career ready. Additional mathematics that students should learn in order to 
take advanced courses such as calculus, advanced statistics, or discrete mathematics is indicated by (+), as in this example: 
 

(+) Represent complex numbers on the complex plane in rectangular and polar form (including real and imaginary numbers).  
 

All standards without a (+) symbol should be in the common mathematics curriculum for all college and career ready students. Standards with a (+) symbol may also appear in courses 
intended for all students. 

 
The high school standards are listed in conceptual categories: 

• Number and Quantity 
• Algebra 
• Functions 
• Modeling 
• Geometry 
• Statistics and Probability. 

 
Conceptual categories portray a coherent view of high school mathematics; a student’s work with functions, for example, crosses a number of traditional course boundaries, potentially up 
through and including calculus.  
 
Modeling is best interpreted not as a collection of isolated topics but in relation to other standards. Making mathematical models is a Standard for Mathematical Practice, and specific modeling 
standards appear throughout the high school standards indicated by a star symbol (★). The star symbol sometimes appears on the heading for a group of standards; in that case, it should be 
understood to apply to all standards in that group. 
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Mathematics | High School—Number and Quantity 

Numbers and Number Systems. During the years from kindergarten to eighth grade, students must repeatedly extend their conception of number. At first, “number” means 
“counting number”: 1, 2, 3…. Soon after that, 0 is used to represent “none” and the whole numbers are formed by the counting numbers together with zero. The next extension is 
fractions. At first, fractions are barely numbers and tied strongly to pictorial representations. Yet by the time students understand division of fractions, they have a strong concept of 
fractions as numbers and have connected them, via their decimal representations, with the base-ten system used to represent the whole numbers. During middle school, fractions are 
augmented by negative fractions to form the rational numbers. In Grade 8, students extend this system once more, augmenting the rational numbers with the irrational numbers to form 
the real numbers. In high school, students will be exposed to yet another extension of number, when the real numbers are augmented by the imaginary numbers to form the complex 
numbers.  

With each extension of number, the meanings of addition, subtraction, multiplication, and division are extended. In each new number system—integers, rational numbers, real 
numbers, and complex numbers—the four operations stay the same in two important ways: They have the commutative, associative, and distributive properties and their new meanings 
are consistent with their previous meanings.  

Extending the properties of whole-number exponents leads to new and productive notation. For example, properties of whole-number exponents suggest that (51/3)3 should be 5(1/3)·3 
= 51 = 5 and that 51/3 should be the cube root of 5.  

Calculators, spreadsheets, and computer algebra systems can provide ways for students to become better acquainted with these new number systems and their notation. They can be 
used to generate data for numerical experiments, to help understand the workings of matrix, vector, and complex number algebra, and to experiment with non-integer exponents. 

Quantities. In real world problems, the answers are usually not numbers but quantities:  numbers with units, which involves measurement. In their work in measurement up through 
Grade 8, students primarily measure commonly used attributes such as length, area, and volume. In high school, students encounter a wider variety of units in modeling, e.g., acceleration, 
currency conversions, derived quantities such as person-hours and heating degree days, social science rates such as per-capita income, and rates in everyday life such as points scored per 
game or batting averages. They also encounter novel situations in which they themselves must conceive the attributes of interest. For example, to find a good measure of overall highway 
safety, they might propose measures such as fatalities per year, fatalities per year per driver, or fatalities per vehicle-mile traveled. Such a conceptual process is sometimes called 
quantification. Quantification is important for science, as when surface area suddenly “stands out” as an important variable in evaporation. Quantification is also important for companies, 
which must conceptualize relevant attributes and create or choose suitable measures for them. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



SCN300 CONCEPTUAL CHEMISTRY I 126 
 
 
 

 
NUMBER AND QUANTITY OVERVIEW       

 

The Real Number System 
 
 
 
 
Quantities 
 
 
The Complex Number 
System 
 
 
 
 
 
 
Vector and Matrix 
Quantities 
 

•  Extend the properties of 
exponents to rational 
exponents. 

• Use properties of rational and 
irrational numbers. 

 
• Reason quantitatively and use 

units to solve problems. 
 
• Perform arithmetic operations 

with complex numbers. 
• Represent complex numbers 

and their operations on the 
complex plane. 

• Use complex numbers in 
polynomial identities and 
equations. 

 
• Represent and model with 

vector quantities. 
• Perform operations on vectors. 
• Perform operations on 

matrices and use matrices in 
applications. 

 1. Make sense of problems and persevere 
in solving them. 

2. Reason abstractly and quantitatively. 
3. Construct viable arguments and 

critique the reasoning of others. 
4. Model with mathematics. 
5. Use appropriate tools strategically. 
6. Attend to precision. 
7. Look for and make use of structure. 
8. Look for and express regularity in 

repeated reasoning. 

 
 
 
 
Mathematical 
Practices 

 

  

The Real Number System  N-RN 
Extend the properties of exponents to rational exponents. 

1. Explain how the definition of the meaning of rational exponents follows from extending the properties of integer exponents to those values, allowing for a 
notation for radicals in terms of rational exponents. For example, we define 51/3 to be the cube root of 5 because we want (51/3)3 = 5(1/3)3 to hold, so (51/3)3 must 
equal 5. 

2. Rewrite expressions involving radicals and rational exponents using the properties of exponents.  
Use properties of rational and irrational numbers. 
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3. Explain why the sum or product of two rational numbers are rational; that the sum of a rational number and an irrational number is irrational; and that the 

product of a nonzero rational number and an irrational number is irrational. 

 

Quantities★  N-Q 
Reason quantitatively and use units to solve problems. 

1. Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and 
interpret the scale and the origin in graphs and data displays.  

2. Define appropriate quantities for the purpose of descriptive modeling. 
3. Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.  

The Complex Number System  N-CN 
Perform arithmetic operations with complex numbers. 

1. Know there is a complex number i such that i2 = −1, and every complex number has the form a + bi with a and b real.  
2. Use the relation i2 = –1 and the commutative, associative, and distributive properties to add, subtract, and multiply complex numbers. 
3. (+) Find the conjugate of a complex number; use conjugates to find moduli and quotients of complex numbers. 

Represent complex numbers and their operations on the complex plane. 

4. (+) Represent complex numbers on the complex plane in rectangular and polar form (including real and imaginary numbers), and explain why the rectangular and 
polar forms of a given complex number represent the same number. 

5. (+) Represent addition, subtraction, multiplication, and conjugation of complex numbers geometrically on the complex plane; use properties of this representation 
for computation. For example, (-1 + √3 i)3 = 8 because (-1 + √3 i) has modulus 2 and argument 120°. 

6. (+) Calculate the distance between numbers in the complex plane as the modulus of the difference, and the midpoint of a segment as the average of the numbers 
at its endpoints. 

Use complex numbers in polynomial identities and equations. 

7.  Solve quadratic equations with real coefficients that have complex solutions. 
8. (+) Extend polynomial identities to the complex numbers. For example, rewrite x2 + 4 as (x + 2i)(x – 2i). 
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Mathematics | High School—Algebra 
Expressions. An expression is a record of a computation with numbers, symbols that represent numbers, arithmetic operations, exponentiation, and, at more advanced levels, the 

operation of evaluating a function. Conventions about the use of parentheses and the order of operations assure that each expression is unambiguous. Creating an expression that describes a 
computation involving a general quantity requires the ability to express the computation in general terms, abstracting from specific instances. 

Reading an expression with comprehension involves analysis of its underlying structure. This may suggest a different but equivalent way of writing the expression that exhibits some 
different aspect of its meaning. For example, p + 0.05p can be interpreted as the addition of a 5% tax to a price p. Rewriting p + 0.05p as 1.05p shows that adding a tax is the same as 
multiplying the price by a constant factor.  

Algebraic manipulations are governed by the properties of operations and exponents, and the conventions of algebraic notation. At times, an expression is the result of applying 
operations to simpler expressions. For example, p + 0.05p is the sum of the simpler expressions p and 0.05p. Viewing an expression as the result of operation on simpler expressions can 
sometimes clarify its underlying structure. 

A spreadsheet or a computer algebra system (CAS) can be used to experiment with algebraic expressions, perform complicated algebraic manipulations, and understand how algebraic 
manipulations behave.   

Equations and inequalities. An equation is a statement of equality between two expressions, often viewed as a question asking for which values of the variables the expressions on 
either side are in fact equal. These values are the solutions to the equation.  An identity, in contrast, is true for all values of the variables; identities are often developed by rewriting an 
expression in an equivalent form. 

The solutions of an equation in one variable form a set of numbers; the solutions of an equation in two variables form a set of ordered pairs of numbers, which can be plotted in the 
coordinate plane. Two or more equations and/or inequalities form a system. A solution for such a system must satisfy every equation and inequality in the system. 

An equation can often be solved by successively deducing from it one or more simpler equations. For example, one can add the same constant to both sides without changing the 
solutions, but squaring both sides might lead to extraneous solutions. Strategic competence in solving includes looking ahead for productive manipulations and anticipating the nature and 
number of solutions. 

Some equations have no solutions in a given number system, but have a solution in a larger system. For example, the solution of x + 1 = 0 is an integer, not a whole number; the 
solution of 2x + 1 = 0 is a rational number, not an integer; the solutions of x2 – 2 = 0 are real numbers, not rational numbers; and the solutions of x2 + 2 = 0 are complex numbers, not 
real numbers. 

The same solution techniques used to solve equations can be used to rearrange formulas. For example, the formula for the area of a trapezoid, A = ((b1+b2)/2)h, can be solved for h 
using the same deductive process.  

Inequalities can be solved by reasoning about the properties of inequality. Many, but not all, of the properties of equality continue to hold for inequalities and can be useful in solving 
them. 

Connections to Functions and Modeling. Expressions can define functions, and equivalent expressions define the same function. Asking when two functions have the same value 
for the same input leads to an equation; graphing the two functions allows for finding approximate solutions of the equation. Converting a verbal description to an equation, inequality, or 
system of these is an essential skill in modeling. 
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1. Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the expression.★ 

a. Factor a quadratic expression to reveal the zeros of the function it defines. 
b. Complete the square in a quadratic expression to reveal the maximum or minimum value of the function it defines. 

c. Use the properties of exponents to transform expressions for exponential functions. For example the expression 1.15t can be rewritten as (1.151/12)12t ≈ 1.01212t to reveal the approximate equivalent monthly 
interest rate if the annual rate is 15%. 

2. Derive the formula for the sum of a finite geometric series (when the common ratio is not 1), and use the formula to solve problems. For example, calculate 
mortgage payments.★ 

Arithmetic with Polynomials and Rational Expressions  A-APR 
Perform arithmetic operations on polynomials. 

1. Understand that polynomials form a system analogous to the integers, namely, they are closed under the operations of addition, subtraction, and multiplication; 
add, subtract, and multiply polynomials. 

Understand the relationship between zeros and factors of polynomials. 

2. Know and apply the Remainder Theorem: For a polynomial p(x) and a number a, the remainder on division by x – a is p(a), so p(a) = 0 if and only if (x – a) is a 
factor of p(x). 

3. Identify zeros of polynomials when suitable factorizations are available, and use the zeros to construct a rough graph of the function defined by the polynomial. 
Use polynomial identities to solve problems. 

4. Prove polynomial identities and use them to describe numerical relationships. For example, the polynomial identity (x2 + y2)2 = (x2 – y2)2 + (2xy)2 can be used to 
generate Pythagorean triples. 

5. (+)  Know and apply the Binomial Theorem for the expansion of (x + y)n in powers of x and y for a positive integer n, where x and y are any numbers, with 
coefficients determined for example by Pascal’s Triangle.1  

Rewrite rational expressions. 

6. Rewrite simple rational expressions in different forms; write a(x)/b(x) in the form q(x) + r(x)/b(x), where a(x), b(x), q(x), and r(x) are polynomials with the degree 
of r(x) less than the degree of b(x), using inspection, long division, or, for the more complicated examples, a computer algebra system. 

7. (+)  Understand that rational expressions form a system analogous to the rational numbers, closed under addition, subtraction, multiplication, and division by a 
nonzero rational expression; add, subtract, multiply, and divide rational expressions. 

Creating Equations★  A-CED 

Create equations that describe numbers or relationships. 

                                                           
1 The Binomial Theorem can be proved by mathematical induction or by a combinatorial argument. 



SCN300 CONCEPTUAL CHEMISTRY I 130 
1. Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple 

rational and exponential functions. 
2. Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales. 
3. Represent constraints by equations or inequalities, and by systems of equations and/or inequalities, and interpret solutions as viable or non-viable options in a 

modeling context. For example, represent inequalities describing nutritional and cost constraints on combinations of different foods. 
4. Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. For example, rearrange Ohm’s law V = IR to highlight 

resistance R. 

Reasoning with Equations and Inequalities  A-REI 
Understand solving equations as a process of reasoning and explain the reasoning. 

1. Explain each step in solving a simple equation as following from the equality of numbers asserted at the previous step, starting from the assumption that the 
original equation has a solution. Construct a viable argument to justify a solution method. 

2. Solve simple rational and radical equations in one variable, and give examples showing how extraneous solutions may arise. 
Solve equations and inequalities in one variable. 

3. Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters. 
4. Solve quadratic equations in one variable. 

a. Use the method of completing the square to transform any quadratic equation in x into an equation of the form (x – p)2 = q that has the same solutions. Derive the quadratic formula from this 
form. 

b. Solve quadratic equations by inspection (e.g., for x2 = 49), taking square roots, completing the square, the quadratic formula and factoring, as appropriate to the initial form of the equation. 
Recognize when the quadratic formula gives complex solutions and write them as a ± bi for real numbers a and b.  

Solve systems of equations. 

5. Prove that, given a system of two equations in two variables, replacing one equation by the sum of that equation and a multiple of the other produces a system 
with the same solutions. 

6. Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of linear equations in two variables. 
7. Solve a simple system consisting of a linear equation and a quadratic equation in two variables algebraically and graphically. For example, find the points of 

intersection between the line y = –3x and the circle x2 + y2 = 3. 
8. (+)  Represent a system of linear equations as a single matrix equation in a vector variable. 
9. (+)  Find the inverse of a matrix if it exists and use it to solve systems of linear equations (using technology for matrices of dimension 3 × 3 or greater). 

Represent and solve equations and inequalities graphically. 

10. Understand that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane, often forming a curve (which could be a 
line). 

11. Explain why the x-coordinates of the points where the graphs of the equations y = f(x) and y = g(x) intersect are the solutions of the equation f(x) = g(x); find the 
solutions approximately, e.g., using technology to graph the functions, make tables of values, or find successive approximations. Include cases where f(x) and/or 
g(x) are linear, polynomial, rational, absolute value, exponential, and logarithmic functions.★ 

12. Graph the solutions to a linear inequality in two variables as a half-plane (excluding the boundary in the case of a strict inequality), and graph the solution set to a 
system of linear inequalities in two variables as the intersection of the corresponding half-planes. 
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Mathematics | High School—Functions 

Functions describe situations where one quantity determines another. For example, the return on $10,000 invested at an annualized percentage rate of 4.25% is a function of the 
length of time the money is invested. Because we continually make theories about dependencies between quantities in nature and society, functions are important tools in the construction 
of mathematical models.  

In school mathematics, functions usually have numerical inputs and outputs and are often defined by an algebraic expression. For example, the time in hours it takes for a car to drive 
100 miles is a function of the car’s speed in miles per hour, v; the rule T(v) = 100/v expresses this relationship algebraically and defines a function whose name is T.  

The set of inputs to a function is called its domain. We often infer the domain to be all inputs for which the expression defining a function has a value, or for which the function makes 
sense in a given context. 

A function can be described in various ways, such as by a graph (e.g., the trace of a seismograph); by a verbal rule, as in, “I’ll give you a state, you give me the capital city;” by an 
algebraic expression like f(x) = a + bx; or by a recursive rule. The graph of a function is often a useful way of visualizing the relationship of the function models, and manipulating a 
mathematical expression for a function can throw light on the function’s properties. 

Functions presented as expressions can model many important phenomena. Two important families of functions characterized by laws of growth are linear functions, which grow at a 
constant rate, and exponential functions, which grow at a constant percent rate. Linear functions with a constant term of zero describe proportional relationships. 

A graphing utility or a computer algebra system can be used to experiment with properties of these functions and their graphs and to build computational models of functions, 
including recursively defined functions. 

Connections to Expressions, Equations, Modeling, and Coordinates. 
 Determining an output value for a particular input involves evaluating an expression; finding inputs that yield a given output involves solving an equation. Questions about when two 

functions have the same value for the same input lead to equations, whose solutions can be visualized from the intersection of their graphs. Because functions describe relationships between 
quantities, they are frequently used in modeling. Sometimes functions are defined by a recursive process, which can be displayed effectively using a spreadsheet or other technology. 
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FUNCTIONS OVERVIEW       
 

 

Interpreting Functions 
 
 
 
 
 
 
 
 
Building Functions 
 
 
 
 
 
Linear, Quadratic, and 
Exponential Models 
 
 
 
 
 
Trigonometric Functions 
 
 

• Understand the concept of a 
function and use function 
notation. 

• Interpret functions that arise in 
applications in terms of the 
context. 

• Analyze functions using 
different representations. 

 
• Build a function that models a 

relationship between two 
quantities.  

• Build new functions from 
existing functions. 

 
• Construct and compare linear, 

quadratic, and exponential 
models and solve problems. 

• Interpret expressions for 
functions in terms of the 
situation they model. 

 
• Extend the domain of 

trigonometric functions using 
the unit circle. 

• Model periodic phenomena 
with trigonometric functions. 

• Prove and apply trigonometric 
identities. 

 1. Make sense of problems and persevere 
in solving them. 

2. Reason abstractly and quantitatively. 
3. Construct viable arguments and 

critique the reasoning of others. 
4. Model with mathematics. 
5. Use appropriate tools strategically. 
6. Attend to precision. 
7. Look for and make use of structure. 
8. Look for and express regularity in 

repeated reasoning. 

 
 
 
 
Mathematical 
Practices 

 

Interpreting Functions  F-IF 
Understand the concept of a function and use function notation. 
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1. Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the domain exactly one element of the 

range. If f is a function and x is an element of its domain, then f(x) denotes the output of f corresponding to the input x. The graph of f is the graph of the 
equation y = f(x). 

2. Use function notation, evaluate functions for inputs in their domains, and interpret statements that use function notation in terms of a context. 
 
 

1. Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both positive and negative); find the value of k given 
the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from 
their graphs and algebraic expressions for them. 

2.  Find inverse functions. 
a. Solve an equation of the form f(x) = c for a simple function f that has an inverse and write an expression for the inverse. For example, f(x) =2 x3 or f(x) = (x+1)/(x-1) for x ≠ 1. 
b. (+)  Verify by composition that one function is the inverse of another. 
c. (+)  Read values of an inverse function from a graph or a table, given that the function has an inverse. 
d. (+)  Produce an invertible function from a non-invertible function by restricting the domain. 

3. (+)  Understand the inverse relationship between exponents and logarithms and use this relationship to solve problems involving logarithms and exponents. 

Linear, Quadratic, and Exponential Models★  F-LQE 

Construct and compare linear, quadratic, and exponential models and solve problems. 

1. Distinguish between situations that can be modeled with linear functions and with exponential functions. 
a. Prove that linear functions grow by equal differences over equal intervals, and that exponential functions grow by equal factors over equal intervals. 
b. Recognize situations in which one quantity changes at a constant rate per unit interval relative to another. 
c. Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval relative to another. 

2. Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input-output 
pairs (include reading these from a table). 

3. Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly, quadratically, or (more generally) as a 
polynomial function. 

4. For exponential models, express as a logarithm the solution to a bct = d where a, c, and d are numbers and the base b is 2, 10, or e; evaluate the logarithm using 
technology. 

Interpret expressions for functions in terms of the situation they model. 

5. Interpret the parameters in a linear, quadratic, or exponential function in terms of a context. 

Trigonometric Functions  F-TF 
Extend the domain of trigonometric functions using the unit circle. 

1.  Understand radian measure of an angle as the length of the arc on the unit circle subtended by the angle. 
2.  Explain how the unit circle in the coordinate plane enables the extension of trigonometric functions to all real numbers, interpreted as radian measures of angles 

traversed counterclockwise around the unit circle. 
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3. (+) Use special triangles to determine geometrically the values of sine, cosine, tangent for π /3, π/4 and π/6, and use the unit circle to express the values of sine, 

cosine, and tangent for π-x, π+x, and 2π-x in terms of their values for x, where x is any real number. 
4. (+) Use the unit circle to explain symmetry (odd and even) and periodicity of trigonometric functions.  

Model periodic phenomena with trigonometric functions. 

5. Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency, and midline.★ 
6. (+) Understand that restricting a trigonometric function to a domain on which it is always increasing or always decreasing allows its inverse to be constructed. 
7. (+)  Use inverse functions to solve trigonometric equations that arise in modeling contexts; evaluate the solutions using technology, and interpret them in terms of 

the context.★ 

Prove and apply trigonometric identities. 

1. Prove the Pythagorean identity sin2(θ) + cos2(θ) = 1 and use it find sin(θ), cos(θ), or tan(θ) given sin(θ), cos(θ), or tan(θ) and the quadrant.  
2. (+) Prove the addition and subtraction formulas for sine, cosine, and tangent and use them to solve problems. 
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Mathematics | High School—Geometry 
An understanding of the attributes and relationships of geometric objects can be applied in diverse contexts—interpreting a schematic drawing, estimating the amount of wood needed 

to frame a sloping roof, rendering computer graphics, or designing a sewing pattern for the most efficient use of material.   
Although there are many types of geometry, school mathematics is devoted primarily to plane Euclidean geometry, studied both synthetically (without coordinates) and analytically 

(with coordinates). Euclidean geometry is characterized most importantly by the Parallel Postulate, that through a point not on a given line there is exactly one parallel line. (Spherical 
geometry, in contrast, has no parallel lines.) 

During high school, students begin to formalize their geometry experiences from elementary and middle school, using more precise definitions and developing careful proofs. Later in 
college some students develop Euclidean and other geometries carefully from a small set of axioms. 

The concepts of congruence, similarity, and symmetry can be understood from the perspective of geometric transformation. Fundamental are the rigid motions: translations, 
rotations, reflections, and combinations of these, all of which are here assumed to preserve distance and angles (and therefore shapes generally). Reflections and rotations each explain a 
particular type of symmetry, and the symmetries of an object offer insight into its attributes—as when the reflective symmetry of an isosceles triangle assures that its base angles are 
congruent.  

In the approach taken here, two geometric figures are defined to be congruent if there is a sequence of rigid motions that carries one onto the other. This is the principle of 
superposition. For triangles, congruence means the equality of all corresponding pairs of sides and all corresponding pairs of angles. During the middle grades, through experiences 
drawing triangles from given conditions, students notice ways to specify enough measures in a triangle to ensure that all triangles drawn with those measures are congruent. Once these 
triangle congruence criteria (ASA, SAS, and SSS) are established using rigid motions, they can be used to prove theorems about triangles, quadrilaterals, and other geometric figures.   

Similarity transformations (rigid motions followed by dilations) define similarity in the same way that rigid motions define congruence, thereby formalizing the similarity ideas of “same 
shape” and “scale factor” developed in the middle grades.  These transformations lead to the criterion for triangle similarity that two pairs of corresponding angles are congruent. 

The definitions of sine, cosine, and tangent for acute angles are founded on right triangles and similarity, and, with the Pythagorean Theorem, are fundamental in many real-world and 
theoretical situations. The Pythagorean Theorem is generalized to non-right triangles by the Law of Cosines. Together, the Laws of Sines and Cosines embody the triangle congruence 
criteria for the cases where three pieces of information suffice to completely solve a triangle. Furthermore, these laws yield two possible solutions in the ambiguous case, illustrating that 
Side-Side-Angle is not a congruence criterion.  

Analytic geometry connects algebra and geometry, resulting in powerful methods of analysis and problem solving. Just as the number line associates numbers with locations in one 
dimension, a pair of perpendicular axes associates pairs of numbers with locations in two dimensions. This correspondence between numerical coordinates and geometric points allows 
methods from algebra to be applied to geometry and vice versa. The solution set of an equation becomes a geometric curve, making visualization a tool for doing and understanding 
algebra. Geometric shapes can be described by equations, making algebraic manipulation into a tool for geometric understanding, modeling, and proof. Geometric transformations of the 
graphs of equations correspond to algebraic changes in their equations. 

Dynamic geometry environments provide students with experimental and modeling tools that allow them to investigate geometric phenomena in much the same way as computer 
algebra systems allow them to experiment with algebraic phenomena. 
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Connections to Equations. The correspondence between numerical coordinates and geometric points allows methods from algebra to be applied to geometry and vice versa. The 

solution set of an equation becomes a geometric curve, making visualization a tool for doing and understanding algebra. Geometric shapes can be described by equations, making algebraic 
manipulation into a tool for geometric understanding, modeling, and proof. 

 
 
 
 
 

GEOMETRY OVERVIEW       
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Congruence 
 
 
 
 
 
 
Similarity, Right Triangles, 
and Trigonometry 
 
 
 
 
 
 
 
 
Circles 
 
 
 
 
Expressing Geometric 
Properties with Equations 
 
 
 
 
 
Geometric Measurement 
and Dimension 
 
 
 
 
Modeling with Geometry 

• Experiment with 
transformations in the plane. 

• Understand congruence in 
terms of rigid motions. 

• Prove geometric theorems. 
• Make geometric constructions. 
 
• Understand similarity in terms 

of similarity transformations. 
• Prove theorems involving 

similarity. 
• Define trigonometric ratios 

and solve problems involving 
right triangles. 

• Apply trigonometry to general 
triangles. 

 
• Understand and apply 

theorems about circles. 
• Find arc lengths and areas of 

sectors of circles. 
 
• Translate between the 

geometric description and the 
equation for a conic section. 

• Use coordinates to prove 
simple geometric theorems 
algebraically. 

 
• Explain volume formulas and 

use them to solve problems. 
• Visualize relationships between 

two-dimensional and three-
dimensional objects. 

 
• Apply geometric concepts in 

modeling situations. 

 1. Make sense of problems and persevere 
in solving them. 

2. Reason abstractly and quantitatively. 
3. Construct viable arguments and 

critique the reasoning of others. 
4. Model with mathematics. 
5. Use appropriate tools strategically. 
6. Attend to precision. 
7. Look for and make use of structure. 
8. Look for and express regularity in 

repeated reasoning. 

 
 
 
 
Mathematical 
Practices 

 

Congruence  G-CO 
Experiment with transformations in the plane. 

1. Know precise definitions of angle, circle, perpendicular line, parallel line, and line segment, based on the undefined notions of point, line, distance along a line, 
and distance around a circular arc. 
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2. Represent transformations in the plane using, e.g., transparencies and geometry software; describe transformations as functions that take points in the plane as 

inputs and give other points as outputs. Compare transformations that preserve distance and angle to those that do not (e.g., translation versus horizontal 
stretch). 

3. Given a rectangle, parallelogram, trapezoid, or regular polygon, describe the rotations and reflections that carry it onto itself. 
4. Develop definitions of rotations, reflections, and translations in terms of angles, circles, perpendicular lines, parallel lines, and line segments. 
5. Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure using, e.g., graph paper, tracing paper, or geometry software. 

Specify a sequence of transformations that will carry a given figure onto another. 
Understand congruence in terms of rigid motions. 

6. Use geometric descriptions of rigid motions to transform figures and to predict the effect of a given rigid motion on a given figure; given two figures, use the 
definition of congruence in terms of rigid motions to decide if they are congruent. 

7. Use the definition of congruence in terms of rigid motions to show that two triangles are congruent if and only if corresponding pairs of sides and corresponding 
pairs of angles are congruent.  

8. Explain how the criteria for triangle congruence (ASA, SAS, and SSS) follow from the definition of congruence in terms of rigid motions. 
Prove geometric theorems. 

9. Prove theorems about lines and angles. Theorems include: vertical angles are congruent; when a transversal crosses parallel lines, alternate interior angles are 
congruent and corresponding angles are congruent; points on a perpendicular bisector of a line segment are exactly those equidistant from the segment’s 
endpoints. 

10. Prove theorems about triangles. Theorems include: measures of interior angles of a triangle sum to 180°; base angles of isosceles triangles are congruent; the 
segment joining midpoints of two sides of a triangle is parallel to the third side and half the length; the medians of a triangle meet at a point.   

11. Prove theorems about parallelograms. Theorems include: opposite sides are congruent, opposite angles are congruent, the diagonals of a parallelogram bisect 
each other, and conversely, rectangles are parallelograms with congruent diagonals. 

Make geometric constructions. 

12. Make formal geometric constructions with a variety of tools and methods (compass and straightedge, string, reflective devices, paper folding, dynamic geometric 
software, etc.). Copying a segment; copying an angle; bisecting a segment; bisecting an angle; constructing perpendicular lines, including the perpendicular bisector of a line segment; and constructing a line parallel to a 
given line through a point not on the line. 

13. Construct an equilateral triangle, a square, and a regular hexagon inscribed in a circle. 

 

 

 

 

 

Similarity, Right Triangles, and Trigonometry  G-SRT 
Understand similarity in terms of similarity transformations. 
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1. Verify experimentally the properties of dilations given by a center and a scale factor: 

a. A dilation takes a line not passing through the center of the dilation to a parallel line, and leaves a line passing through the center unchanged. 
b. The dilation of a line segment is longer or shorter in the ratio given by the scale factor.  

2. Given two figures, use the definition of similarity in terms of similarity transformations to decide if they are similar; explain using similarity transformations the 
meaning of similarity for triangles as the equality of all corresponding pairs of angles and the proportionality of all corresponding pairs of sides.  

3. Use the properties of similarity transformations to establish the AA criterion for two triangles to be similar.  
Prove theorems involving similarity. 

 

 

4. Prove theorems about triangles. Theorems include: a line parallel to one side of a triangle divides the other two proportionally, and conversely; the Pythagorean 
Theorem proved using triangle similarity. 

5. Use congruence and similarity criteria for triangles to solve problems and to prove relationships in geometric figures. 
Define trigonometric ratios and solve problems involving right triangles. 

6. Understand that by similarity, side ratios in right triangles are properties of the angles in the triangle, leading to definitions of trigonometric ratios for acute 
angles.  

7. Explain and use the relationship between the sine and cosine of complementary angles.  
8. Use trigonometric ratios and the Pythagorean Theorem to solve right triangles in applied problems.★ 

Apply trigonometry to general triangles. 

9. (+)  Derive the formula A = ½ ab sin(C) for the area of a triangle by drawing an auxiliary line from a vertex perpendicular to the opposite side.  
10. (+)  Prove the Laws of Sines and Cosines and use them to solve problems. 
11. (+)  Understand and apply the Law of Sines and the Law of Cosines to find unknown measurements in right and non-right triangles (e.g., surveying problems, 

resultant forces). 

Circles  G-C 
Understand and apply theorems about circles. 

1. Prove that all circles are similar. 
2. Identify and describe relationships among inscribed angles, radii, and chords. Include the relationship between central, inscribed, and circumscribed angles; 

inscribed angles on a diameter are right angles; the radius of a circle is perpendicular to the tangent where the radius intersects the circle.  
3. Construct the inscribed and circumscribed circles of a triangle, and prove properties of angles for a quadrilateral inscribed in a circle. 
4. (+)  Construct a tangent line from a point outside a given circle to the circle. 

Find arc lengths and areas of sectors of circles.   
5. Derive using similarity the fact that the length of the arc intercepted by an angle is proportional to the radius, and define the radian measure of the angle as the constant of proportionality; derive the 

formula for the area of a sector.  

Expressing Geometric Properties with Equations  G-GPE 
Translate between the geometric description and the equation for a conic section. 
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1. Derive the equation of a circle of given center and radius using the Pythagorean Theorem; complete the square to find the center and radius of a circle given by 

an equation. 
2. Derive the equation of a parabola given a focus and directrix. 
3. (+)  Derive the equations of ellipses and hyperbolas given the foci, using the fact that the sum or difference of distances from the foci is constant. 

Use coordinates to prove simple geometric theorems algebraically. 

4. Use coordinates to prove simple geometric theorems algebraically. For example, prove or disprove that a figure defined by four given points in the coordinate 
plane is a rectangle; prove or disprove that the point (1, ℘3) lies on the circle centered at the origin and containing the point (0, 2). 

5. Prove the slope criteria for parallel and perpendicular lines and use them to solve geometric problems (e.g., find the equation of a line parallel or perpendicular 
to a given line that passes through a given point). 

6. Find the point on a directed line segment between two given points that partitions the segment in a given ratio. 
7. Use coordinates to compute perimeters of polygons and areas of triangles and rectangles, e.g., using the distance formula.★ 
 

Geometric Measurement and Dimension  G-GMD 

Explain volume formulas and use them to solve problems. 

1. Give an informal argument for the formulas for the circumference of a circle, area of a circle, volume of a cylinder, pyramid, and cone. Use dissection arguments, 
Cavalieri’s principle, and informal limit arguments. 

2. (+) Give an informal argument using Cavalieri’s principle for the formulas for the volume of a sphere and other solid figures. 
3. Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems.★ 

Visualize relationships between two-dimensional and three-dimensional objects. 

4.   Identify the shapes of two-dimensional cross-sections of three-dimensional objects, and identify three-dimensional objects generated by rotations of two-
dimensional objects. 

Modeling with Geometry  G-MG 
Apply geometric concepts in modeling situations. 

1. Use geometric shapes, their measures, and their properties to describe objects (e.g., modeling a tree trunk or a human torso as a cylinder).★ 
2. Apply concepts of density based on area and volume in modeling situations (e.g., persons per square mile, BTUs per cubic foot).★ 
3. Apply geometric methods to solve design problems (e.g., designing an object or structure to satisfy physical constraints or minimize cost; working with 

typographic grid systems based on ratios).★ 
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Mathematics | High School—Statistics and Probability★ 

Decisions or predictions are often based on data—numbers in context. These decisions or predictions would be easy if the data always sent a clear message, but the message is often 
obscured by variability. Statistics provides tools for describing variability in data and for making informed decisions that take it into account. 

Data are gathered, displayed, summarized, examined, and interpreted to discover patterns and deviations from patterns. Quantitative data can be described in terms of key characteristics: 
measures of shape, center, and spread. The shape of a data distribution might be described as symmetric, skewed, flat, or bell shaped, and it might be summarized by a statistic measuring 
center (such as mean or median) and a statistic measuring spread (such as standard deviation or interquartile range). Different distributions can be compared numerically using these statistics 
or compared visually using plots. Knowledge of center and spread are not enough to describe a distribution. Which statistics to compare, which plots to use, and what the results of a 
comparison might mean, depend on the question to be investigated and the real-life actions to be taken.  

Randomization has two important uses in drawing statistical conclusions. First, collecting data from a random sample of a population makes it possible to draw valid conclusions about 
the whole population, taking variability into account. Second, randomly assigning individuals to different treatments allows a fair comparison of the effectiveness of those treatments. A 
statistically significant outcome is one that is unlikely to be due to chance alone, and this can be evaluated only under the condition of randomness. The conditions under which data are 
collected are important in drawing conclusions from the data; in critically reviewing uses of statistics in public media and other reports, it is important to consider the study design, how the 
data were gathered, and the analyses employed as well as the data summaries and the conclusions drawn.   

Random processes can be described mathematically by using a probability model: a list or description of the possible outcomes (the sample space), each of which is assigned a probability. 
In situations such as flipping a coin, rolling a number cube, or drawing a card, it might be reasonable to assume various outcomes are equally likely. In a probability model, sample points 
represent outcomes and combine to make up events; probabilities of events can be computed by applying the Addition and Multiplication Rules. Interpreting these probabilities relies on an 
understanding of independence and conditional probability, which can be approached through the analysis of two-way tables. 

Technology plays an important role in statistics and probability by making it possible to generate plots, regression functions, and correlation coefficients, and to simulate many possible 
outcomes in a short amount of time. 

 
Connections to Functions and Modeling. Functions may be used to describe data; if the data suggest a linear relationship, the relationship can be modeled with a regression line, 

and its strength and direction can be expressed through a correlation coefficient. 
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STATISTICS AND PROBABILITY OVERVIEW       
 

 

Interpreting Categorical 
and Quantitative Data 
 
 
 
 
 
 
Making Inferences and 
Justifying Conclusions 
 
 
 
 
 
 
Conditional Probability 
and the Rules of 
Probability 
 
 
 
 
 
Using Probability to Make 
Decisions 
 

• Summarize, represent, and 
interpret data on a single count 
or measurement variable. 

• Summarize, represent, and 
interpret data on two 
categorical and quantitative 
variables.  

• Interpret linear models. 
 
• Understand and evaluate 

random processes underlying 
statistical experiments. 

• Make inferences and justify 
conclusions from sample 
surveys, experiments and 
observational studies. 

 
• Understand independence and 

conditional probability and use 
them to interpret data. 

• Use the rules of probability to 
compute probabilities of 
compound events in a uniform 
probability model. 

 
• Calculate expected values and 

use them to solve problems. 
• Use probability to evaluate 

outcomes of decisions. 

 1. Make sense of problems and persevere 
in solving them. 

2. Reason abstractly and quantitatively. 
3. Construct viable arguments and 

critique the reasoning of others. 
4. Model with mathematics. 
5. Use appropriate tools strategically. 
6. Attend to precision. 
7. Look for and make use of structure. 
8. Look for and express regularity in 

repeated reasoning. 

 
 
 
 
Mathematical 
Practices 

Interpreting Categorical and Quantitative Data  S-ID 
Summarize, represent, and interpret data on a single count or measurement variable. 

1. Represent data with plots on the real number line (dot plots, histograms, and box plots).  
2. Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread (interquartile range, standard deviation) of two or 

more different data sets.  
3. Interpret differences in shape, center, and spread in the context of the data sets, accounting for possible effects of extreme data points (outliers).
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4. Use the mean and standard deviation of a data set to fit it to a normal distribution and to estimate population percentages. Recognize that there are data sets for 
which such a procedure is not appropriate. Use calculators, spreadsheets, and tables to estimate areas under the normal curve. 
 

Summarize, represent, and interpret data on two categorical and quantitative variables. 

5. Summarize categorical data for two categories in two-way frequency tables. Interpret relative frequencies in the context of the data (including joint, marginal, 
and conditional relative frequencies). Recognize possible associations and trends in the data. 

6. Represent data on two quantitative variables on a scatter plot, and describe how the variables are related. 
a. Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions or choose a function suggested by the context. Emphasize linear, quadratic, and 

exponential models. 
b. Informally assess the fit of a function by plotting and analyzing residuals. 
c. Fit a linear function for a scatter plot that suggests a linear association.  

Interpret linear models. 

7. Interpret the slope (rate of change) and the intercept (constant term) of a linear model in the context of the data. 
8. Compute (using technology) and interpret the correlation coefficient of a linear fit. 
9. Distinguish between correlation and causation. 

Making Inferences and Justifying Conclusions  S-IC 
Understand and evaluate random processes underlying statistical experiments. 

1. Understand statistics as a process for making inferences to be made about population parameters based on a random sample from that population. 
2. Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. For example, a model says a spinning coin falls 

heads up with probability 0.5. Would a result of 5 tails in a row cause you to question the model? 
Make inferences and justify conclusions from sample surveys, experiments, and observational studies. 

3. Recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates to each.  
4. Use data from a sample survey to estimate a population mean or proportion; develop a margin of error through the use of simulation models for random 

sampling. 
5. Use data from a randomized experiment to compare two treatments; use simulations to decide if differences between parameters are significant. 
6. Evaluate reports based on data. 
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Conditional Probability and the Rules of Probability  S-CP 
Understand independence and conditional probability and use them to interpret data. 

1. Describe events as subsets of a sample space (the set of outcomes) using characteristics (or categories) of the outcomes, or as unions, intersections, or 
complements of other events (“or,” “and,” “not”).  

2. Understand that two events A and B are independent if the probability of A and B occurring together is the product of their probabilities, and use this 
characterization to determine if they are independent. 

3. Understand the conditional probability of A given B as P(A and B)/P(B), and interpret independence of A and B as saying that the conditional probability of A 
given B is the same as the probability of A, and the conditional probability of B given A is the same as the probability of B. 

4. Construct and interpret two-way frequency tables of data when two categories are associated with each object being classified. Use the two-way table as a 
sample space to decide if events are independent and to approximate conditional probabilities. For example, collect data from a random sample of students in 
your school on their favorite subject among math, science, and English. Estimate the probability that a randomly selected student from your school will favor 
science given that the student is in tenth grade.  Do the same for other subjects and compare the results.  

5. Recognize and explain the concepts of conditional probability and independence in everyday language and everyday situations. For example, compare the chance 
of having lung cancer if you are a smoker with the chance of being a smoker if you have  lung cancer.   

Use the rules of probability to compute probabilities of compound events in a uniform probability model. 

6. Find the conditional probability of A given B as the fraction of B’s outcomes that also belong to A, and interpret the answer in terms of the model. 
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Career Ready Practices  

 
Career Ready Practices describe the career-ready skills that all educators in all content areas should seek to 
develop in their students. They are practices that have been linked to increase college, career, and life success. 
Career Ready Practices should be taught and reinforced in all career exploration and preparation programs 
with increasingly higher levels of complexity and expectation as a student advances through a program 
of study. 

 
CRP1. Act as a responsible and contributing citizen and employee. 
CRP2. Apply appropriate academic and technical skills. 
CRP3. Attend to personal health and financial well being. 
CRP4. Communicate clearly and effectively and with reason. 
CRP5. Consider the environmental, social and economic impacts of decisions. 
CRP6. Demonstrate creativity and innovation. 
CRP7. Employ valid and reliable research strategies. 
CRP8. Utilize critical thinking to make sense of problems and persevere in solving them. 
CRP9. Model integrity, ethical leadership and effective management. 
CRP10. Plan education and career paths aligned to personal goals. 
CRP11. Use technology to enhance productivity. 
CRP12. Work productively in teams while using cultural global competence. 

 
 

CRP1. Act as a responsible and contributing citizen and employee 
 
Career-ready individuals understand the obligations and responsibilities of being a member of a community, 
and they demonstrate this understanding every day through their interactions with others. They 
are conscientious of the impacts of their decisions on others and the environment around them. They think 
about the near-term and long-term consequences of their actions and seek to act in ways that 
contribute to the betterment of their teams, families, community and workplace. They are reliable and 
consistent in going beyond the minimum expectation and in participating in activities that serve the greater 
good. 

 
CRP2. Apply appropriate academic and technical skills. 

 
Career-ready individuals readily access and use the knowledge and skills acquired through experience and 
education to be more productive. They make connections between abstract concepts with real-world 
applications, and they make correct insights about when it is appropriate to apply the use of an academic 
skill in a workplace situation 

 
CRP3. Attend to personal health and financial well-being. 

 
Career-ready individuals understand the relationship between personal health, workplace performance and personal 
well-being; they act on that understanding to regularly practice healthy diet, exercise and mental health activities. 
 
Career-ready individuals also take regular action to contribute to their personal financial well- being, understanding that 
personal financial security provides the peace of mind required to contribute more fully to their own career success. 
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CRP4. Communicate clearly and effectively and with reason. 

 
Career-ready individuals communicate thoughts, ideas, and action plans with clarity, whether using written, 
verbal, and/or visual methods. They communicate in the workplace with clarity and purpose to make 
maximum use of their own and others’ time. They are excellent writers; they master conventions, word 
choice, and organization, and use effective tone and presentation skills to articulate ideas. They are skilled at 
interacting with others; they are active listeners and speak clearly and with purpose. Career-ready individuals 
think about the audience for their communication and prepare accordingly to ensure the desired outcome. 

 
CRP5. Consider the environmental, social and economic impacts of decisions. 

 
Career-ready individuals understand the interrelated nature of their actions and regularly make decisions that 
positively impact and/or mitigate negative impact on other people, organization, and the environment. They 
are aware of and utilize new technologies, understandings, procedures, materials, and regulations affecting the 
nature of their work as it relates to the impact on the social condition, the environment and the 
profitability of the organization. 

 
CRP6. Demonstrate creativity and innovation. 

 
Career-ready individuals regularly think of ideas that solve problems in new and different ways, and they 
contribute those ideas in a useful and productive manner to improve their organization. They can consider 
unconventional ideas and suggestions as solutions to issues, tasks or problems, and they discern which ideas and 
suggestions will add greatest value. They seek new methods, practices, and ideas from a variety of sources and seek 
to apply those ideas to their own workplace. They take action on their ideas and understand how to bring 
innovation to an organization. 

 
CRP7. Employ valid and reliable research strategies. 

 
Career-ready individuals are discerning in accepting and using new information to make decisions, change 
practices or inform strategies. They use reliable research process to search for new information. They evaluate the 
validity of sources when considering the use and adoption of external information or practices in their 
workplace situation. 

 
CRP8. Utilize critical thinking to make sense of problems and persevere in solving them. 

 
Career-ready individuals readily recognize problems in the workplace, understand the nature of the problem, 
and devise effective plans to solve the problem. They are aware of problems when they occur and take action 
quickly to address the problem; they thoughtfully investigate the root cause of the problem prior to 
introducing solutions. They carefully consider the options to solve the problem. Once a solution is agreed 
upon, they follow through to ensure the problem is solved, whether through their own actions or the actions 
of others. 
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CRP9. Model integrity, ethical leadership and effective management. 
 

Career-ready individuals consistently act in ways that align personal and community-held ideals and principles 
while employing strategies to positively influence others in the workplace. They have a clear understanding of 
integrity and act on this understanding in every decision. They use a variety of means to positively impact the 
directions and actions of a team or organization, and they apply insights into human behavior to change 
others’ action, attitudes and/or beliefs. They recognize the near-term and long-term effects that 
management’s actions and attitudes can have on productivity, morals and organizational culture. 

 
CRP10. Plan education and career paths aligned to personal goals. 

 
Career-ready individuals take personal ownership of their own education and career goals, and they regularly act 
on a plan to attain these goals. They understand their own career interests, preferences, goals, and 
requirements. They have perspective regarding the pathways available to them and the time, effort, 
experience and other requirements to pursue each, including a path of entrepreneurship. They recognize the 
value of each step in the education and experiential process, and they recognize that nearly all career paths 
require ongoing education and experience. They seek counselors, mentors, and other experts to assist in the 
planning and execution of career and personal goals. 

 
CRP11. Use technology to enhance productivity. 

 
Career-ready individuals find and maximize the productive value of existing and new technology to accomplish 
workplace tasks and solve workplace problems. They are flexible and adaptive in acquiring new technology. 
They are proficient with ubiquitous technology applications. They understand the inherent risks-personal and 
organizational-of technology applications, and they take actions to prevent or mitigate these risks. 

 
CRP12. Work productively in teams while using cultural global competence. 

 
Career-ready individuals positively contribute to every team, whether formal or informal. They apply an 
awareness of cultural difference to avoid barriers to productive and positive interaction. They find ways to 
increase the engagement and contribution of all team members. They plan and facilitate effective team 
meetings. 
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9.3 Career & Technical Education (CTE) 

Content Area:  21st Century Life and Careers 

 
 

CONTENT AREA: 9.3 CAREER AND TECHNICAL  EDUCATION 

SCIENCE, TECHNOLOGY, ENGINEERING & MATHEMATICS CAREER  CLUSTER® 

Number Standard Statement 

By the end of Grade 12, Career and Technical Education Program completers will be able to: 

CAREER CLUSTER®: SCIENCE, TECHNOLOGY, ENGINEERING  &  MATHEMATICS  (ST) 
 

9.3.ST.1 Apply engineering skills in a project that requires project management, process control and 
quality assurance. 

9.3.ST.2 Use technology to acquire, manipulate, analyze and report data. 
 

9.3.ST.3 Describe and follow safety, health and environmental standards related to science, 
technology, engineering and mathematics (STEM)  workplaces. 

 
9.3.ST.4 Understand the nature and scope of the Science, Technology, Engineering & Mathematics 

Career Cluster® and the role of STEM in society and the economy. 
 

9.3.ST.5 
Demonstrate an understanding of the breadth of career opportunities and means to those 
opportunities in each of the Science, Technology, Engineering & Mathematics Career 
Pathways. 

9.3.ST.6 Demonstrate technical skills needed in a chosen STEM field. 

PATHWAY: ENGINEERING & TECHNOLOGY CAREER PATHWAY   (ST-ET) 

9.3.ST-ET.1 Use STEM concepts and processes to solve problems involving design and/or production. 

9.3.ST-ET.2 Display and communicate STEM information. 

9.3.ST-ET.3 Apply processes and concepts for the use of technological tools in STEM. 

9.3.ST-ET.4 Apply the elements of the design process. 

9.3.ST-ET.5 Apply the knowledge learned in STEM to solve problems. 
 

9.3.ST-ET.6 Apply the knowledge learned in the study of STEM to provide solutions to human and societal 
problems in an ethical and legal manner. 

PATHWAY: SCIENCE & MATHEMATICS CAREER PATHWAY (ST-SM) 
 

9.3.ST-SM.1 Apply science and mathematics to provide results, answers and algorithms for engineering and 
technological  activities. 

 
9.3.ST-SM.2 Apply science and mathematics concepts to the development of plans, processes and projects 

that address real world problems. 

9.3.ST-SM.3 Analyze the impact that science and mathematics has on society. 
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9.3 Career & Technical Education (CTE) 

Content Area:  21st Century Life and Careers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONTENT AREA: 9.3 CAREER AND TECHNICAL  EDUCATION 

SCIENCE, TECHNOLOGY, ENGINEERING & MATHEMATICS CAREER  CLUSTER® 

Number Standard Statement 
 

9.3.ST-SM.4 Apply critical thinking skills to review information, explain statistical analysis, and to translate, 
interpret and summarize research and statistical data. 
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2014 New Jersey Core Curriculum Content Standards - Technology 
Content Area Technology 
Standard 8.1 Educational Technology: All students will use digital tools to access, manage, evaluate, and synthesize 

information in order to solve problems individually and collaborate and to create and communicate knowledge. 
Strand A. Technology Operations and Concepts: Students demonstrate a sound understanding of technology concepts, 

systems and operations. 
Grade 
Level 
bands 

Content Statement 
Students will: 
 

Indicator Indicator 

P Understand and use technology systems. 8.1.P.A.1 Use an input device to select an item and navigate the screen 
8.1.P.A.2 Navigate the basic functions of a browser. 

Select and use applications effectively 
and productively. 

8.1.P.A.3 Use digital devices to create stories with pictures, numbers, letters and 
words. 

8.1.P.A.4 Use basic technology terms in the proper context in conversation with 
peers and teachers (e.g., camera, tablet, Internet, mouse, keyboard, and 
printer). 

8.1.P.A.5 Demonstrate the ability to access and use resources on a computing device. 
 

K-2 Understand and use technology systems. 8.1.2.A.1 Identify the basic features of a digital device and explain its purpose. 
Select and use applications effectively 
and productively. 

8.1.2.A.2 Create a document using a word processing application. 
8.1.2.A.3 Compare the common uses of at least two different digital applications and 

identify the advantages and disadvantages of using each. 
8.1.2.A.4 Demonstrate developmentally appropriate navigation skills in virtual 

environments (i.e. games, museums). 
8.1.2.A.5 Enter information into a spreadsheet and sort the information. 
8.1.2.A.6 Identify the structure and components of a database. 
8.1.2.A.7 Enter information into a database or spreadsheet and filter the information. 

3-5 Understand and use technology systems. 8.1.5.A.1 Select and use the appropriate digital tools and resources to accomplish a 
variety of tasks including solving problems. 

Select and use applications effectively 
and productively. 

8.1.5.A.2 Format a document using a word processing application to enhance text 
and include graphics, symbols and/ or pictures. 

8.1.5.A.3 Use a graphic organizer to organize information about problem or issue. 
8.1.5.A.4 Graph data using a spreadsheet, analyze and produce a report that explains 

the analysis of the data. 
8.1.5.A.5 Create and use a database to answer basic questions. 
8.1.5.A.6 Export data from a database into a spreadsheet; analyze and produce a 

report that explains the analysis of the data. 
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6-8 Understand and use technology systems. 8.1.8.A.1 Demonstrate knowledge of a real world problem using digital tools. 

 
Select and use applications effectively 
and productively. 

8.1.8.A.2 Create a document (e.g. newsletter, reports, personalized learning plan, 
business letters or flyers) using one or more digital applications to be 
critiqued by professionals for usability. 

8.1.8.A.3 Use and/or develop a simulation that provides an environment to solve a 
real world problem or theory. 

8.1.8.A.4 Graph and calculate data within a spreadsheet and present a summary of 
the results 

8.1.8.A.5 Create a database query, sort and create a report and describe the process, 
and explain the report results. 

9-12 Understand and use technology systems. 8.1.12.A.1 Create a personal digital portfolio which reflects personal and academic 
interests, achievements, and career aspirations by using a variety of digital 
tools and resources. 

Select and use applications effectively 
and productively. 

8.1.12.A.2 Produce and edit a multi-page digital document for a commercial or 
professional audience and present it to peers and/or professionals in that 
related area for review. 

8.1.12.A.3 Collaborate in online courses, learning communities, social networks or 
virtual worlds to discuss a resolution to a problem or issue. 

8.1.12.A.4 Construct a spreadsheet workbook with multiple worksheets, rename tabs 
to reflect the data on the worksheet, and use mathematical or logical 
functions, charts and data from all worksheets to convey the results. 

8.1.12.A.5 Create a report from a relational database consisting of at least two tables 
and describe the process, and explain the report results. 

Content Area Technology 
Standard 8.1 Educational Technology: All students will use digital tools to access, manage, evaluate, and synthesize 

information in order to solve problems individually and collaborate and to create and communicate knowledge. 
Strand B. Creativity and Innovation: Students demonstrate creative thinking, construct knowledge and develop innovative 

products and process using technology. 
Grade 
Level 
bands 

Content Statement 
Students will: 
 

Indicator Indicator 

P Apply existing knowledge to generate 
new ideas, products, or processes. 
 
Create original works as a means of 
personal or group expression. 

8.1.P.B.1 Create a story about a picture taken by the student on a digital camera or 
mobile device. 

K-2 8.1.2.B.1 Illustrate and communicate original ideas and stories using multiple digital 
tools and resources. 

3-5 8.1.5.B.1 Collaborative to produce a digital story about a significant local event or 
issue based on first-person interviews. 

http://www.state.nj.us/education/cccs/def/8/TECH_MediaRich.html
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6-8 8.1.8.B.1 Synthesize and publish information about a local or global issue or event 

(ex. telecollaborative project, blog, school web). 
9-12 8.1.12.B.2 Apply previous content knowledge by creating and piloting a digital 

learning game or tutorial. 
Content Area Technology 
Standard 8.1 Educational Technology: All students will use digital tools to access, manage, evaluate, and synthesize 

information in order to solve problems individually and collaborate and to create and communicate knowledge. 
Strand C. Communication and Collaboration: Students use digital media and environments to communicate and work 

collaboratively, including at a distance, to support individual learning and contribute to the learning of others. 
Grade 
Level 
bands 

Content Statement 
 
 

Indicator Indicator 

P Interact, collaborate, and publish with 
peers, experts, or others by employing a 
variety of digital environments and media. 
 
Communicate information and ideas to 
multiple audiences using a variety of 
media and formats. 
 
Develop cultural understanding and 
global awareness by engaging with 
learners of other cultures. 
 
Contribute to project teams to produce 
original works or solve problems. 

8.1.P.C.1 Collaborate with peers by participating in interactive digital games or 
activities. 

K-2 8.1.2.C.1 Engage in a variety of developmentally appropriate learning activities with 
students in other classes, schools, or countries using various media formats 
such as online collaborative tools, and social media. 

3-5 8.1.5.C.1 Engage in online discussions with learners of other cultures to investigate a 
worldwide issue from multiple perspectives and sources, evaluate findings 
and present possible solutions, using digital tools and online resources for 
all steps. 
 

6-8 8.1.8.C.1 Collaborate to develop and publish work that provides perspectives on a 
global problem for discussions with learners from other countries. 

9-12 8.1.12.C.1 Develop an innovative solution to a real world problem or issue in 
collaboration with peers and experts, and present ideas for feedback 
through social media or in an online community. 

Content Area Technology 
Standard 8.1 Educational Technology: All students will use digital tools to access, manage, evaluate, and synthesize 

information in order to solve problems individually and collaborate and to create and communicate knowledge. 
Strand D. Digital Citizenship: Students understand human, cultural, and societal issues related to technology and practice 

legal and ethical behavior. 
 

Grade 
Level 
bands 

Content Statement 
 
 

Indicator Indicator 

K-2 Advocate and practice safe, legal, and 
responsible use of information and 

8.1.2.D.1 Develop an understanding of ownership of print and nonprint information. 
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technology. 

3-5 Advocate and practice safe, legal, and 
responsible use of information and 
technology. 

8.1.5.D.1 Understand the need for and use of copyrights. 
8.1.5.D.2 Analyze the resource citations in online materials for proper use. 

Demonstrate personal responsibility for 
lifelong learning. 

8.1.5.D.3 Demonstrate an understanding of the need to practice cyber safety, cyber 
security, and cyber ethics when using technologies and social media. 
 

Exhibit leadership for digital citizenship. 8.1.5.D.4 Understand digital citizenship and demonstrate an understanding of the 
personal consequences of inappropriate use of technology and social 
media. 
 

6-8 Advocate and practice safe, legal, and 
responsible use of information and 
technology. 

8.1.8.D.1 Understand and model appropriate online behaviors related to cyber safety, 
cyber bullying, cyber security, and cyber ethics including appropriate use 
of social media. 

Demonstrate personal responsibility for 
lifelong learning. 

8.1.8.D.2 Demonstrate the application of appropriate citations to digital content. 
8.1.8.D.3 Demonstrate an understanding of fair use and Creative Commons to 

intellectual property. 
Exhibit leadership for digital citizenship. 8.1.8.D.4 Assess the credibility and accuracy of digital content. 

 
8.1.8.D.5 Understand appropriate uses for social media and the negative 

consequences of misuse. 
9-12 Advocate and practice safe, legal, and 

responsible use of information and 
technology. 

8.1.12.D.1 Demonstrate appropriate application of copyright, fair use and/or Creative 
Commons to an original work. 
 

Demonstrate personal responsibility for 
lifelong learning. 

8.1.12.D.2 Evaluate consequences of unauthorized electronic access (e.g., hacking) 
and disclosure, and on dissemination of personal information. 

8.1.12.D.3 Compare and contrast policies on filtering and censorship both locally and 
globally. 

Exhibit leadership for digital citizenship. 8.1.12.D.4 Research and understand the positive and negative impact of one’s digital 
footprint. 

8.1.12.D.5 Analyze the capabilities and limitations of current and emerging 
technology resources and assess their potential to address personal, social, 
lifelong learning, and career needs. 

Content Area Technology 
Standard 8.1 Educational Technology: All students will use digital tools to access, manage, evaluate, and synthesize 

information in order to solve problems individually and collaborate and to create and communicate knowledge. 
Strand E: Research and Information Fluency: Students apply digital tools to gather, evaluate, and use information. 

 



SCN300 CONCEPTUAL CHEMISTRY I 155 
Grade 
Level 
bands 

Content Statement 
 
Students will: 

Indicator Indicator 

P Plan strategies to guide inquiry. 8.1.P.E.1 Use the Internet to explore and investigate questions with a teacher’s 
support. 

K-2 Plan strategies to guide inquiry 
Locate, organize, analyze, evaluate, 
synthesize, and ethically use information 
from a variety of sources and media. 
Evaluate and select information sources 
and digital tools based on the 
appropriateness for specific tasks. 

8.1.2.E.1 Use digital tools and online resources to explore a problem or issue. 

3-5 Plan strategies to guide inquiry. 
Locate, organize, analyze, evaluate, 
synthesize, and ethically use information 
from a variety of sources and media. 
Evaluate and select information sources 
and digital tools based on the 
appropriateness for specific tasks. 

8.1.5.E.1 Use digital tools to research and evaluate the accuracy of, relevance to, and 
appropriateness of using print and non-print electronic information sources 
to complete a variety of tasks. 

6-8 Plan strategies to guide inquiry. 
Locate, organize, analyze, evaluate, 
synthesize, and ethically use information 
from a variety of sources and media. 
Evaluate and select information sources 
and digital tools based on the 
appropriateness for specific tasks. 
Process data and report results. 

8.1.8.E.1 Effectively use a variety of search tools and filters in professional public 
databases to find information to solve a real world problem. 
 

9-12 Plan strategies to guide inquiry. 
Locate, organize, analyze, evaluate, 
synthesize, and ethically use information 
from a variety of sources and media. 
Evaluate and select information sources 
and digital tools based on the 
appropriateness for specific tasks. 
Process data and report results. 

8.1.12.E.1 Produce a position statement about a real world problem by developing a 
systematic plan of investigation with peers and experts synthesizing 
information from multiple sources. 
 

8.1.12.E.2 Research and evaluate the impact on society of the unethical use of digital 
tools and present your research to peers. 

Content Area Technology 
Standard 8.1 Educational Technology: All students will use digital tools to access, manage, evaluate, and synthesize 

information in order to solve problems individually and collaborate and to create and communicate knowledge. 
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Strand F: Critical thinking, problem solving, and decision making: Students use critical thinking skills to plan and conduct 

research, manage projects, solve problems, and make informed decisions using appropriate digital tools and resources. 
 

Grade 
Level 
bands 

Content Statement 
Students will: 
 

Indicator Indicator 

K-2 Identify and define authentic problems 
and significant questions for 
investigation. 
Plan and manage activities to develop a 
solution or complete a project. 
Collect and analyze data to identify 
solutions and/or make informed decisions. 
Use multiple processes and diverse 
perspectives to explore alternative 
solutions. 

8.1.2.F.1 Use geographic mapping tools to plan and solve problems. 

3-5 Identify and define authentic problems 
and significant questions for 
investigation. 
Plan and manage activities to develop a 
solution or complete a project. 
Collect and analyze data to identify 
solutions and/or make informed decisions. 
Use multiple processes and diverse 
perspectives to explore alternative 
solutions 

8.1.5.F.1 Apply digital tools to collect, organize, and analyze data that support a 
scientific finding. 

6-8 Identify and define authentic problems 
and significant questions for 
investigation. 
Plan and manage activities to develop a 
solution or complete a project. 
Collect and analyze data to identify 
solutions and/or make informed decisions. 
Use multiple processes and diverse 
perspectives to explore alternative 
solutions. 

8.1.8.F.1 Explore a local issue, by using digital tools to collect and analyze data to 
identify a solution and make an informed decision. 

9-12 Identify and define authentic problems 
and significant questions for 

8.1.12.F.1 Evaluate the strengths and limitations of emerging technologies and their 
impact on educational, career, personal and or social needs. 
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investigation. 
Plan and manage activities to develop a 
solution or complete a project. 
Collect and analyze data to identify 
solutions and/or make informed decisions. 
Use multiple processes and diverse 
perspectives to explore alternative 
solutions. 
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2014 New Jersey Core Curriculum Content Standards - Technology 
Content Area Technology 
Standard 8.2 Technology Education, Engineering, Design, and Computational Thinking - Programming: 

All students will develop an understanding of the nature and impact of technology, engineering, technological 
design, computational thinking and the designed world as they relate to the individual, global society, and the 
environment. 

Strand A. The Nature of Technology: Creativity and Innovation Technology systems impact every aspect of the world in which 
we live. 

Grade 
Level 
bands 

Content Statement 
Students will be able to 
understand: 
 

Indicator Indicator 

K-2 The characteristics and scope 
of technology. 
 

8.2.2.A.1 Define products produced as a result of technology or of nature. 
8.2.2.A.2 Describe how designed products and systems are useful at school, home and work. 

The core concepts of 
technology. 

8.2.2.A.3 Identify a system and the components that work together to accomplish its purpose. 
8.2.2.A.4 Choose a product to make and plan the tools and materials needed. 

The relationships among 
technologies and the 
connections between 
technology and other fields 
of study. 

8.2.2.A.5 Collaborate to design a solution to a problem affecting the community. 
 
 
 
 

3-5 The characteristics and scope 
of technology. 
 

8.2.5.A.1 Compare and contrast how products made in nature differ from products that are human 
made in how they are produced and used. 

8.2.5.A.2 Investigate and present factors that influence the development and function of a product 
and a system. 

The core concepts of 
technology. 

8.2.5.A.3 Investigate and present factors that influence the development and function of products 
and systems, e.g., resources, criteria and constraints. 

The relationships among 
technologies and the 
connections between 
technology and other fields 
of study. 

8.2.5.A.4 Compare and contrast how technologies have changed over time due to human needs 
and economic, political and/or cultural influences. 

8.2.5.A.5 Identify how improvement in the understanding of materials science impacts 
technologies. 

6-8 The characteristics and scope 
of technology. 

8.2.8.A.1 Research a product that was designed for a specific demand and identify how the 
product has changed to meet new demands (i.e. telephone for communication - smart 
phone for mobility needs). 

The core concepts of 8.2.8.A.2 Examine a system, consider how each part relates to other parts, and discuss a part to 
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technology. redesign to improve the system. 

8.2.8.A.3 Investigate a malfunction in any part of a system and identify its impacts. 
The relationships among 
technologies and the 
connections between 
technology and other fields 
of study. 

8.2.8.A.4 Redesign an existing product that impacts the environment to lessen its impact(s) on the 
environment. 

8.2.8.A.5 Describe how resources such as material, energy, information, time, tools, people, and 
capital contribute to a technological product or system. 

9-12 The characteristics and scope 
of technology. 

8.2.12.A.1 Propose an innovation to meet future demands supported by an analysis of the potential 
full costs, benefits, trade-offs and risks, related to the use of the innovation. 

The core concepts of 
technology. 

8.2.12.A.2 Analyze a current technology and the resources used, to identify the trade-offs in terms 
of availability, cost, desirability and waste. 

The relationships among 
technologies and the 
connections between 
technology and other fields 
of study. 
 

8.2.12.A.3 Research and present information on an existing technological product that has been 
repurposed for a different function. 

Content Area Technology 
Standard 8.2  Technology Education, Engineering, Design, and Computational Thinking - Programming: 

All students will develop an understanding of the nature and impact of technology, engineering, technological 
design, computational thinking and the designed world as they relate to the individual, global society, and the 
environment. 

Strand B. Technology and Society:  Knowledge and understanding of human, cultural and society values are fundamental when 
designing technology systems and products in the global society. 

Grade 
Level 
bands 

Content Statement 
Students will be able to 
understand: 
 

Indicator Indicator 

K-2 The cultural, social, 
economic and political 
effects of technology. 

8.2.2.B.1 Identify how technology impacts or improves life. 

The effects of technology on 
the environment. 

8.2.2.B.2 Demonstrate how reusing a product affects the local and global environment. 

 The role of society in the 
development and use of 
technology. 

8.2.2.B.3 Identify products or systems that are designed to meet human needs. 

 The influence of technology 
on history. 

8.2.2.B.4 Identify how the ways people live and work has changed because of technology. 
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3-5 The cultural, social, 

economic and political 
effects of technology. 

8.2.5.B.1 Examine ethical considerations in the development and production of a product through 
its life cycle. 
 

The effects of technology on 
the environment. 
 

8.2.5.B.2 Examine systems used for recycling and recommend simplification of the systems and 
share with product developers. 

8.2.5.B.3 Investigate ways that various technologies are being developed and used to reduce 
improper use of resources. 

The role of society in the 
development and use of 
technology. 

8.2.5.B.4 Research technologies that have changed due to society’s changing needs and wants. 
 

8.2.5.B.5 Explain the purpose of intellectual property law. 
The influence of technology 
on history. 

8.2.5.B.6 Compare and discuss how technologies have influenced history in the past century. 
 

6-8 The cultural, social, 
economic and political 
effects of technology. 
 

8.2.8.B.1 Evaluate the history and impact of sustainability on the development of a designed 
product or system over time and present results to peers. 
 

8.2.8.B.2 Identify the desired and undesired consequences from the use of a product or system. 
The effects of technology on 
the environment. 

8.2.8.B.3 Research and analyze the ethical issues of a product or system on the environment and 
report findings for review by peers and /or experts. 
 

8.2.8.B.4 Research examples of how humans can devise technologies to reduce the negative 
consequences of other technologies and present your findings. 

The role of society in the 
development and use of 
technology. 

8.2.8.B.5 Identify new technologies resulting from the demands, values, and interests of 
individuals, businesses, industries and societies.  

8.2.8.B.6 Compare and contrast the different types of intellectual property including copyrights, 
patents and trademarks. 

The influence of technology 
on history. 

8.2.8.B.7 Analyze the historical impact of waste and demonstrate how a product is upcycled, 
reused or remanufactured into a new product. 

9-12 The cultural, social, 
economic and political 
effects of technology. 

8.2.12.B.1 Research and analyze the impact of the design constraints (specifications and limits) for 
a product or technology driven by a cultural, social, economic or political need and 
publish for review.  

The effects of technology on 
the environment. 

8.2.12.B.2 Evaluate ethical considerations regarding the sustainability of environmental resources 
that are used for the design, creation and maintenance of a chosen product. 

The role of society in the 
development and use of 
technology. 

8.2.12.B.3 Analyze ethical and unethical practices around intellectual property rights as influenced 
by human wants and/or needs. 

The influence of technology 
on history. 
 

8.2.12.B.4 Investigate a technology used in a given period of history, e.g., stone age, industrial 
revolution or information age, and identify their impact and how they may have 
changed to meet human needs and wants. 
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8.2.12.B.5 Research the historical tensions between environmental and economic considerations as 

driven by human needs and wants in the development of a technological product, and 
present the competing viewpoints to peers for review. 

Content Area Technology 
Standard 8.2  Technology Education, Engineering, Design, and Computational Thinking - Programming: 

All students will develop an understanding of the nature and impact of technology, engineering, technological 
design, computational thinking and the designed world as they relate to the individual, global society, and the 
environment. 

Strand C. Design: The design process is a systematic approach to solving problems. 
Grade 
Level 
bands 

Content Statement 
 
Students will be able to 
understand: 

Indicator Indicator 

K-2 The attributes of design. 8.2.2.C.1 Brainstorm ideas on how to solve a problem or build a product. 
8.2.2.C.2 Create a drawing of a product or device that communicates its function to peers and 

discuss. 
8.2.2.C.3 Explain why we need to make new products. 

The application of 
engineering design. 

8.2.2.C.4 Identify designed products and brainstorm how to improve one used in the classroom. 
8.2.2.C.5 Describe how the parts of a common toy or tool interact and work as part of a system. 

The role of troubleshooting, 
research and development, 
invention and innovation and 
experimentation in problem 
solving. 

8.2.2.C.6 Investigate a product that has stopped working and brainstorm ideas to correct the 
problem. 

3-5 The attributes of design.  8.2.5.C.1 Collaborate with peers to illustrate components of a designed system. 
 

8.2.5.C.2 Explain how specifications and limitations can be used to direct a product’s 
development. 
 

8.2.5.C.3 Research how design modifications have lead to new products. 
 

The application of 
engineering design. 
 

8.2.5.C.4 Collaborate and brainstorm with peers to solve a problem evaluating all solutions to 
provide the best results with supporting sketches or models. 

8.2.5.C.5 Explain the functions of a system and subsystems. 
The role of troubleshooting, 
research and development, 
invention and innovation and 
experimentation in problem 

8.2.5.C.6 Examine a malfunctioning tool and identify the process to troubleshoot and present 
options to repair the tool.  
 

8.2.5.C.7 Work with peers to redesign an existing product for a different purpose. 
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solving.  

6-8 The attributes of design. 8.2.8.C.1 Explain how different teams/groups can contribute to the overall design of a product. 
 

8.2.8.C.2 Explain the need for optimization in a design process.  
 

8.2.8.C.3 Evaluate the function, value, and aesthetics of a technological product or system, from 
the perspective of the user and the producer. 

The application of 
engineering design. 
 

8.2.8.C.4 Identify the steps in the design process that would be used to solve a designated 
problem. 

8.2.8.C.5 Explain the interdependence of a subsystem that operates as part of a system. 
 Create a technical sketch of a product with materials and measurements labeled. 

The role of troubleshooting, 
research and development, 
invention and innovation and 
experimentation in problem 
solving. 

8.2.8.C.6 Collaborate to examine a malfunctioning system and identify the step-by-step process 
used to troubleshoot, evaluate and test options to repair the product, presenting the 
better solution. 

8.2.8.C.7 Collaborate with peers and experts in the field to research and develop a product using 
the design process, data analysis and trends, and maintain a design log with annotated 
sketches to record the developmental cycle. 

8.2.8.C.8 Develop a proposal for a chosen solution that include models (physical, graphical or 
mathematical) to communicate the solution to peers.  

9-12 The attributes of design. 8.2.12.C.1 Explain how open source technologies follow the design process. 
 

8.2.12.C.2 Analyze a product and how it has changed or might change over time to meet human 
needs and wants. 

The application of 
engineering design. 
 
 

8.2.12.C.3 Analyze a product or system for factors such as safety, reliability, economic 
considerations, quality control, environmental concerns, manufacturability, maintenance 
and repair, and human factors engineering (ergonomics). 

8.2.12.C.4 Explain and identify interdependent systems and their functions. 
8.2.12.C.5 Create scaled engineering drawings of products both manually and digitally with 

materials and measurements labeled. 
The role of troubleshooting, 
research and development, 
invention and innovation and 
experimentation in problem 
solving. 

8.2.12.C.6 Research an existing product, reverse engineer and redesign it to improve form and 
function. 
 

8.2.12.C.7 Use a design process to devise a technological product or system that addresses a global 
problem, provide research, identify trade-offs and constraints, and document the process 
through drawings that include data and materials. 

Content Area Technology 
Standard 8.2  Technology Education, Engineering, Design, and Computational Thinking - Programming:  

All students will develop an understanding of the nature and impact of technology, engineering, technological 
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design, computational thinking and the designed world as they relate to the individual, global society, and the 
environment. 

Strand D. Abilities for a Technological World:  The designed world is the product of a design process that provides the means 
to convert resources into products and systems.  

Grade 
Level 
bands 

Content Statement 
Students will understand 
how to: 
 

Indicator Indicator 
  

K-2 Apply the design process. 8.2.2.D.1 Collaborate and apply a design process to solve a simple problem from everyday 
experiences. 
 

Use and maintain 
technological products and 
systems. 
 

8.2.2.D.2 Discover how a product works by taking it apart, sketching how parts fit, and putting it 
back together. 

8.2.2.D.3 Identify the strengths and weaknesses in a product or system.  
8.2.2.D.4 Identify the resources needed to create technological products or systems. 

Assess the impact of products 
and systems. 

8.2.2.D.5 Identify how using a tool (such as a bucket or wagon) aids in reducing work. 

3-5 Apply the design process. 8.2.5.D.1 Identify and collect information about a problem that can be solved by technology, 
generate ideas to solve the problem, and identify constraints and trade-offs to be 
considered. 

8.2.5.D.2 Evaluate and test alternative solutions to a problem using the constraints and trade-offs 
identified in the design process to evaluate potential solutions. 

Use and maintain 
technological products and 
systems. 
 

8.2.5.D.3 Follow step by step directions to assemble a product or solve a problem. 
8.2.5.D.4 Explain why human-designed systems, products, and environments need to be 

constantly monitored, maintained, and improved. 
8.2.5.D.5 Describe how resources such as material, energy, information, time, tools, people and 

capital are used in products or systems. 
Assess the impact of products 
and systems. 
 

8.2.5.D.6 Explain the positive and negative effect of products and systems on humans, other 
species and the environment, and when the product or system should be used. 

8.2.5.D.7 Explain the impact that resources such as energy and materials used in a process to 
produce products or system have on the environment. 

6-8 Apply the design process. 8.2.8.D.1 Design and create a product that addresses a real world problem using a design process 
under specific constraints. 
 

8.2.8.D.2 Identify the design constraints and trade-offs involved in designing a prototype (e.g., 
how the prototype might fail and how it might be improved) by completing a design 
problem and reporting results in a multimedia presentation, design portfolio or 
engineering notebook. 
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8.2.8.D.3 Build a prototype that meets a STEM-based design challenge using science, 

engineering, and math principles that validate a solution. 
Use and maintain 
technological products and 
systems. 

8.2.8.D.4 Research and publish the steps for using and maintaining a product or system and 
incorporate diagrams or images throughout to enhance user comprehension. 

 

Assess the impact of products 
and systems. 

8.2.8.D.5 Explain the impact of resource selection and the production process in the development 
of a common or technological product or system. 
 

8.2.8.D.6 Identify and explain how the resources and processes used in the production of a current 
technological product can be modified to have a more positive impact on the 
environment. 

9-12 Apply the design process. 8.2.12.D.1 Design and create a prototype to solve a real world problem using a design process, 
identify constraints addressed during the creation of the prototype, identify trade-offs 
made, and present the solution for peer review.  

8.2.12.D.2 Write a feasibility study of a product to include: economic, market, technical, financial, 
and management factors, and provide recommendations for implementation. 

Use and maintain 
technological products and 
systems. 

8.2.12.D.3 Determine and use the appropriate resources (e.g., CNC (Computer Numerical Control) 
equipment, 3D printers, CAD software) in the design, development and creation of a 
technological product or system. 
 

Assess the impact of products 
and systems. 

8.2.12.D.4 Assess the impacts of emerging technologies on developing countries. 
8.2.12.D.5 Explain how material processing impacts the quality of engineered and fabricated 

products. 
8.2.12.D.6 Synthesize data, analyze trends and draw conclusions regarding the effect of a 

technology on the individual, society, or the environment and publish conclusions. 
 

Content Area Technology 
Standard 8.2  Technology Education, Engineering, Design, and Computational Thinking - Programming: 

All students will develop an understanding of the nature and impact of technology, engineering, technological 
design, computational thinking and the designed world as they relate to the individual, global society, and the 
environment. 

Strand E. Computational Thinking: Programming: Computational thinking builds and enhances problem solving, allowing 
students to move beyond using knowledge to creating knowledge. 

Grade 
Level 
bands 

Content Statement 
Students will be able to 
understand: 

Indicator Indicator 
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K-2 Computational thinking 
and computer 
programming as tools used 
in design and engineering. 

8.2.2.E.1 List and demonstrate the steps to an everyday task. 
 

8.2.2.E.2 Demonstrate an understanding of how a computer takes input through a series of written 
commands and then interprets and displays information as output. 
 

8.2.2.E.3 Create algorithms (a sets of instructions) using a pre-defined set of commands (e.g., to 
move a student or a character through a maze). 
 

8.2.2.E.4 Debug an algorithm (i.e., correct an error). 
 

8.2.2.E.5 Use appropriate terms in conversation (e.g., basic vocabulary words:  input, output, the 
operating system, debug, and algorithm). 

3-5 Computational thinking 
and computer 
programming as tools used 
in design and engineering. 

8.2.5.E.1 Identify how computer programming impacts our everyday lives. 
 

8.2.5.E.2 Demonstrate an understanding of how a computer takes input of data, processes and 
stores the data through a series of commands, and outputs information. 
 

8.2.5.E.3 Using a simple, visual programming language, create a program using loops, events and 
procedures to generate specific output. 
 

8.2.5.E.4 Use appropriate terms in conversation (e.g., algorithm, program, debug, loop, events, 
procedures, memory, storage, processing, software, coding, procedure, and data). 
 

6-8 Computational thinking 
and computer 
programming as tools used 
in design and engineering. 

8.2.8.E.1 Identify ways computers are used that have had an impact across the range of human 
activity and within different careers where they are used. 

8.2.8.E.2 Demonstrate an understanding of the relationship between hardware and software. 
8.2.8.E.3 Develop an algorithm to solve an assigned problem using a specified set of commands 

and use peer review to critique the solution. 
8.2.8.E.4 Use appropriate terms in conversation (e.g., programming, language, data, RAM, ROM, 

Boolean logic terms). 
9-12 Computational thinking 

and computer 
programming as tools used 
in design and engineering. 

8.2.12.E.1 Demonstrate an understanding of the problem-solving capacity of computers in our 
world. 

8.2.12.E.2 Analyze the relationships between internal and external computer components.  
8.2.12.E.3 Use a programming language to solve problems or accomplish a task (e.g., robotic 

functions, website designs, applications, and games). 
 

8.2.12.E.4 Use appropriate terms in conversation (e.g., troubleshooting, peripherals, diagnostic  
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software, GUI, abstraction, variables, data types and conditional statements). 
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