Physics: Unit 1: Measurement and Symbolic Representation


Comprehensive Curriculum

Concept Correlation

Unit 1:  Measurement and Symbolic Representation

Time Frame:  Regular Schedule – 3 weeks; Block Schedule 1.5 weeks 

	Big Picture: (Taken from Unit Description and Student Understanding)
· Inquiry (which includes graphing and math calculations) is a logical sequential process used to solve problems related to experimental outcomes.
· Scientific equipment as well as student skill affects reliable measurement.
· All measurements should reflect the precision of the measuring devices and should be used to determine significant figures.


	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Application

PS 1

Analysis

PS 2

Comprehension
PS 3
Application
PS 4
Comprehension
PS 5
Analysis
PS 9
Analysis
PS 10

Application
PS 11

Synthesis
SI 1

Analysis
SI 3

Application
SI 4

Analysis
SI 5

Comprehension
SI 6

Evaluation
SI 9

Application
SI 10

Reflections



	Concept 1:  Measurement Review

1.  Can the student differentiate between accuracy and precision?

2.
Can students determine the precision of measuring devices and record data to reflect the proper number of significant digits?

3.
Can students use scientific notation?

4.
Can students cancel units to check for correct set-up of problems using dimensional analysis? 

5.
Can students identify proper safety procedures and equipment for specific experiments?

6. 
Can students collect data and use it to produce a graph?
	*Introductory Activity: Safety

GQ 5
	SI 10
	

	
	*Activity 1: Vocabulary Self-Awareness

GQ 1
	SI 5,7; PS 9
	

	
	*Activity 2:  Practicing Math Operations

GQ 2, 3, 4
	SI 5; PS 4, 5
	

	
	*Activity 3:  Density of Marbles and Volume of the Textbook

GQ 1, 2
	SI 5; PS 1, 2
	

	
	*Activity 4:  Determining Period of a Timer and the Graph of Freefall Motion

GQ 6
	SI 4, 5, 6; PS 9, 10, 11
	

	Concept 2:  Experiment Design
5.
Can students identify proper safety procedures and equipment for specific experiments?


	*Activity 5:  Using the Inquiry Process to Design a Lab

GQ 5
	SI 1, 3, 4, 6, 9, 10; PS 1, 2, 3
	


Physics Equipment List

Unit 1 – Measurement and Symbolic Representation 

Introductory Activity  For each student - Safety in the Physics Laboratory BLM, safety rules, safety contract
Activity 1 (CC Activity 1)  For each student - Vocabulary Self-Awareness Chart BLM
Activity 2 (CC Activity 2)  For each student - Calculator, teacher-generated pretest, example and practice problems from textbook or workbook

Activity 3 (CC Activity 3) For each group - Lab Report Format and Rubric: Density and Volume BLM, marbles, graduated cylinders, textbooks, triple beam balance, meter stick or ruler, water, weighing pan, calculator
Activity 4  (CC Activity 4) For each group - Lab Report Format and Rubric: Using Ticker-timer to Graph Free-fall BLM, ticker timer or graphing calculator with motion detector, tape, stopwatch or timer, small mass (100 g), graph paper or graphing software
Activity 5 (CC Activity 5) For each group - Science Rubric: Graphic Organizer BLM, Science Format and Rubric: Design a Lab BLM, safety goggles, 4 identical beakers, thermometer or calculator with heat probe, stopwatch or timer, ice, hot water, insulated mitt, graph paper or graphing software
Unit 1 Concept 1:  Measurement Review
GLEs 

*Bolded GLEs must be assessed in this unit

	PS 1
	Measure and determine the physical quantities of an object or unknown sample using correct prefixes and metric system units (e.g., mass, charge, pressure, volume, temperature, density) (PS-H-A1)  (Application)

	PS 2
	Determine and record measurements correctly using significant digits and scientific notation (PS-H-A1)  (Analysis)

	PS 4
	Perform dimensional analysis to verify problem set-up (PS-H-A1)  (Application)

	PS 5
	Use trigonometric functions to make indirect measurements (PS-H-A1)  (Comprehension)

	PS 9
	Describe and measure motion in terms of position, displacement time, and the derived quantities of velocity and acceleration (PS-H-E2)  (Analysis)

	PS 10
	Determine constant velocity and uniform acceleration mathematically and graphically (PS-H-E2)  (Analysis)

	PS 11
	Plot and interpret displacement-time and velocity-time graphs and explain how these two types of graphs are interrelated (PS-H-E2)  (Application)

	SI 4
	Conduct an investigation that includes multiple trials and record, organize, and display data appropriately (SI-H-A2)  (Application)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems 
(SI-H-A3)  (Analysis)

	SI 6
	Use technology when appropriate to enhance laboratory investigations and presentations of findings (SI-H-A3)  (Comprehension)

	Purpose/Guiding Questions:

· Differentiate between accuracy and precision

· Use significant digits in problem solving and when determining the precision of measuring devices 

· Implement the use of scientific notation with the aid of a calculator

· Use dimensional analysis

· Create a graph from collected data
	Key Concepts/Vocabulary:

· Safety Procedures and Equipment

· Significant Digits & Scientific Notation

· Dimensional Analysis

· Metric Conversions

· Relative & Percent Error

· Graphical Analysis of Data

· Appropriate Use of Measuring Devices

	Assessment Ideas:

· Safety Quiz

· Lab Reports and Rubrics

· Self-Evaluations and Rubrics

· Written Tests

· Practice Problems

Activity-Specific Assessments:

· Activities 2, 3 & 4
	Resources:
· Safety rules, contract, video, demos

· Measurement tools (triple beam balance, meter stick, calculator, graduated cylinder, timer, etc)  
· Marbles

· Mass and ticker tape or digital camera for time elapsed data

· Graph paper or software
· Problems (textbook or worksheet)

· BLMs


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  All
**Optional Activities:  None
Introductory Activity:  Safety (SI GLE: 10)
Since this is the first unit of the course, general safety concerns should be addressed before students begin inquiry activities. It is important that students understand exactly what the rules are and what consequences will result from failure to adhere to safety policies. Additionally, as part of future pre-lab discussions, specific safety precautions for each lab should be discussed. 

Distribute a copy of the Introductory Activity, Safety in the Physics Laboratory BLM to each student. This document suggests an activity for students that can be utilized within the classroom, or the teacher may use some other means of providing instruction on safety to the students. Regardless of what method is used, it is imperative that students realize the importance of following safety guidelines within the science classroom.
Activity 1: Vocabulary Self-Awareness (CC Activity 1) (SI GLEs: 5, 7; PS GLEs: 9)
While vocabulary self-awareness (view literacy strategy descriptions) does not completely fit one specific GLE, there are elements used in the vocabulary list from each GLE. Students bring a wide range of word understandings to their science content readings. It is a valuable literacy strategy to ask students to identify what they know and what they need to learn in order to be comfortable with the unit’s content vocabulary. This strategy calls for students to use a chart to organize the content vocabulary, including examples and models to clarify meaning, and to revisit their entries throughout the unit to practice and extend understanding. 

Provide students with a list of key terms from the unit or ask them to locate the key terms. Ask students to rate their understanding of each word with a “+” (understand well) “√” (limited understanding or unsure or “─” (don’t know). They will also write a definition of each word, give an example, and include an equation and identification of units, if appropriate. Over the course of the unit, students should return to the chart and add new information to it. The goal is to have all plus signs by the end of the unit. Examples are provided in the Vocabulary Self-Awareness Chart BLM.
Activity 2: Practicing Math Operations (CC Activity 2)

(SI GLE: 5; PS GLEs: 4, 5)

A pretest to assess the students’ math skills and weaknesses is an ideal way to begin this activity. A brief review of significant digits, scientific notation, and dimensional analysis before the pretest will help clarify teacher expectations. After the pretest, present example problems followed by students practice problems using scientific notation, significant digits, dimensional analysis, metric conversions, relative and percent error, and graphical analysis of data. Provide direct instruction, demonstrations, and guided practice (as needed) followed by individual practice in areas revealed as weaknesses by the pretest. Problems may be assigned from the physics textbook or the teacher may wish to generate a set of problems based on student need or provide problems from a workbook.

Reading Strategy
· Locate key terms and values to correctly identify the given and solve for an unknown.  


 Activity 3:  Density of Marbles and Volume of the Textbook (CC Activity 3)  

(SI GLE: 5; PS GLE: 1, 2)
The purpose of this activity is to learn or review the use of precision and accuracy in measurement, to relate precision to significant figures, and to relate accuracy to relative and percent error. At the beginning of each activity, students are to record the precision of all measuring devises and use this information for recording data. (For example, a standard triple beam balance is calibrated to 0.1 g or tenths place and estimated to hundredths.) All readings must reflect this degree of precision. These skills are used throughout the course. 

Students should be given a copy of the Lab Report Format and Rubric: Density and Volume BLM before the lab so that they can meet the rubric expectations as they develop their own lab report. Unless otherwise directed, students are to write lab reports in their science laboratory notebooks. Working in pairs, ask students to determine experimentally the density of a group of marbles (or any other small objects of the same composition) using water displacement to find the volume of the marbles, a balance to find their mass, and a metric ruler to measure the length, width, and height of their textbook. Direct students to record data on their student-generated lab report in their lab notebooks.  After data have been collected and calculations have been made, students may share data and results as a class. 

This is a good opportunity to discuss and practice the value of eliminating extremely high and low values within data sets. Discuss the results in terms of precision of the measuring devices used. Stress that the precision of the measuring devices must be reflected in the number of significant digits recorded in the data table and the final calculated answers. Discuss how relative and percent error may be calculated. Remind students that units must be manipulated along with numbers. Students should come up with the suggestion that an average of the class results may be used to calculate error.
Reading Strategy

· In a given set of lab directions, highlight the key verbs to correctly perform the lab.

Writing Strategy

· Write lab reports that contain conclusions using proper grammar and written communication skills.
Activity 4: Determining Period of a Timer and the Graph of Freefall Motion 

 (CC Activity 4) (SI GLEs: 4, 5, 6: PS GLEs: 9, 10, 11)

The purpose of this activity is to provide students with several inquiry techniques. These include using timing devices, collecting data, and converting data tables to graphs that allow for analysis of data. Students should realize that the time interval between dots is constant and that if the distance is changing, it must mean that the rate of motion is changing. This activity is a good introduction to concepts of linear motion developed in Unit 2.  If ticker timers are not available and a graphing calculator and motion detector are, these may be substituted. Provide students with a copy of the Lab Report Format and Rubric: Using Ticker-Timer to Graph Free-Fall BLM. This assures that they can meet the rubric expectations as they develop their own lab report. Use a ticker timer and stop watch to determine the period of the timer. Have students, working in groups of three or four, set up the timer and pull the ticker tape through the timer at a constant rate, recording the time with a stopwatch. Repeat for several trials until consistent results are achieved. Explain to students that the frequency (f) of the timer is the number of times it vibrates per second indicated by the dots on the tape and that the period (T) is the reciprocal of the frequency (T = 1/f). 

Have students attach a small mass to the end of a length of ticker tape and allow it to freefall through the timer. Ask students to examine the markings and compare them to the previous tapes made as the tape moved at constant speed. Direct students to generate a displacement/time graph for each kind of motion. They may use pencil and paper or a graphing calculator or graphing software if available. Discuss the meaning of the graphs; point out that the slope of a graph equals rise over run which in this case is displacement over time or the velocity (v = d/t = y/x). It is important that students understand that in physics, a graph of motion represents the equation for that motion. This means that when graphing motion, time should be plotted on the “x” axis.

This will be addressed specifically in Unit 2 which focuses on linear motion.


Unit 1 Concept 2:  Experiment Design

GLEs

*Bolded GLEs must be assessed in this unit

	PS 2
	Determine and record measurements correctly using significant digits and scientific notation (PS-H-A1)  (Analysis)

	PS 3
	Determine accuracy and precision of measured data (PS-H-A1)  (Comprehension)

	SI 1
	Write a testable question or hypothesis when given a topic (SI-H-A1)  (Synthesis)

	SI 3
	Plan and record step-by-step procedures for a valid investigation, select equipment and materials, and identify variables and controls (SI-H-A2)  (Analysis)

	SI 9
	Write and defend a conclusion based on logical analysis of experimental data  (SI-H-A6) (SI-H-A2)  (Evaluation)

	SI 10
	Given a description of an experiment, identify appropriate safety measures. (SI-H-A7)  (Application)

	PS 1
	Measure and determine the physical quantities of an object or unknown sample using correct prefixes and metric system units (e.g., mass, charge, pressure, volume, temperature, density) (PS-H-A1)  (Application)

	SI 4
	Conduct an investigation that includes multiple trials and record, organize, and display data appropriately (SI-H-A2)  (Application)

	SI 6
	Use technology when appropriate to enhance laboratory investigations and presentations of findings (SI-H-A3)  (Comprehension)


	Purpose/Guiding Questions:

· Display and recognize proper laboratory safety procedures
	Key Concepts/Vocabulary:

· Scientific Method

· Control and Variables

	Assessment :
· Lab Report and Rubric
· Monitoring of Student Activities

· Documenting Pertinent Observations

· Written Tests

Activity-Specific Assessments:

·  Activity 5
	Resources:

· Identical beakers

· Thermometers

· Timer or stopwatch
· Ice

· Source of hot water

· Goggles

· Hand protectors

· Graph paper or software
· BLMs


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  All
**Optional Activities:  None
Activity 5: Using the Inquiry Process to Design a Lab (CC Activity 5)
(SI GLEs: 1, 3, 4, 6, 9, 10; PS GLEs: 1, 2, 3)

The purpose of this activity is to give students experience in planning and carrying out a simple controlled experiment that involves one independent variable and requires accurate and precise data collection and processing. Remind students to look at the calibration of the thermometers and stopwatches and to determine how many significant digits to record in each data set. Both the Science Rubric: Graphic Organizer BLM and the Science Format and Rubric: Design a Lab will help students plan and organize the activity. Discuss with students the concept that temperature change indicates a transfer of heat energy. Explain that this activity uses the measure of the rate of heat transfer to explore the elements of scientific inquiry. Allow time for students to identify appropriate safety measures that should be followed for this activity. (Since transfer of hot water in glass beakers is required, they should stress the use of insulated mitts to handle hot beakers in addition to safety goggles.)

Provide each pair of students a set of 4 identical beakers, a thermometer, a stopwatch or a clock with a second hand, ice, and a source of hot water. Ask students to plan and conduct an experiment that involves water at four different temperatures and demonstrates the scientific process for a controlled experiment. Students will construct a question such as “How will temperature differences affect the rate of heat transfer?” Discuss formulating a question, stating a hypothesis, setting up an experiment with only one independent variable, collecting and displaying data, analysis of data, and reaching conclusions. Once the experimental design is complete, the students’ plan must be approved by the teacher to assure the safety of the set-up and procedure. Recording the water temperatures every three minutes for fifteen or twenty minutes will give a good range of temperature change to plot a graph. If calculator or computer interfaced probes are available, have students use these to collect data. They may also use graphing software to generate the graphs. It is important that students look at the accuracy and precision of their measured data so that measurements and calculations match the calibration of the measuring instruments. Students should realize that the change in temperature is the dependent variable and the time is the independent variable. (See attachment)
Reading Strategy
· Visually create an image of what the safety rules are implying as they are read.

Writing Strategy
· Design and write an experiment while focusing on having an appropriate testable question and hypothesis.

There may be some variation in exactly how the individual groups set up their procedures. The teacher needs to move about the room to check that there is only one variable and that each group has a standard procedure for recording temperature changes. For example, students tend to add ice after measuring the volume of the water and fail to realize this introduces volume as a variable. They may also want to use more than one thermometer without calibrating to be sure each thermometer is reading the same temperature.


Optional Teacher-Made Activities (See Appendix)

•”Height Site” – (Analysis) GLE SI 4-6 & PS 5 


  Making indirect measurements; trigonometry intro.


•”Nanoscale Investigation” – (Analysis) GLE SI 5 & PS 1, 4


  Metric units; dimensional analysis

Sample Assessment Items

Unit 1 Measurement and Symbolic Representation

Multiple Choice

1. Which object listed in the table has the greatest density?

	Object
	Mass of Object (grams)
	Volume of Object

	H
	9.0
	23

	J
	11.0
	14

	K
	6.0
	3

	M
	7.0
	13


A
H

B
J

*
C
K

D
M

2. How many significant digits does the number 0.0045 contain?

A
1

*
B
2

C
3

D
4

3. What is the correct scientific notation form of the number 142,000?

A
1.42 x 105
*
B
1.42 x 10-5
C
1.42 x 10

D
14.2 x 10-4
Constructed Response 

1. A car is traveling in a straight line at a constant speed of 50 m/s.  Assume that it is at the reference point (0) when the clock reads t = 0.  Use the data from the table to plot a position-time graph.

Position versus Time Graph for a Car

	Time (s)
	Position (m)

	0
	0

	1
	50

	2
	100

	3
	150

	4
	200

	5
	250

	6
	300

	7
	350

	8
	400

	9
	450

	10
	500


Physics Lab







Names:

CC Unit 1, Activity 5
You will plan & carry out a simple controlled experiment that involves one variable & requires accurate data collection & processing.  Temperature change indicates a transfer of heat energy.  Heat transfer between two objects always occurs from the object of higher temperature to the object of lower temperature. You will measure the rate of heat transfer to explore the elements of scientific inquiry.  Your experiment will involve WATER AT FOUR DIFFERENT TEMPERATURES & demonstrate the scientific process for a controlled experiment.  You will record the water temperatures every 3 minutes for 15 minutes.  

Materials:  4 identical beakers, a thermometer, stopwatch, ice, a source of hot water

Safety measures needed:

State the problem:

Hypothesis: (If, then)

Explain experiment designed and list procedure:                                       Variable: ___________________

Create a data table

Analyze data and state a conclusion

Make a line graph

Discuss precision

Sample Assessments

General Guidelines

Assessment techniques should include the use of scale drawings, models, sketches of lab set-ups, laboratory investigations with reports for which students have been given the grading rubric in advance, performance-based assessments including projects and oral and written research reports, reflective assessment including group discussion and analysis of laboratory work, and traditional summative assessments including paper-and –pencil quizzes and tests. Assessments could include the following:

· Students should be monitored during activities and the teacher should make note of pertinent observations. This may be done in the form of journaling, anecdotal notes, skills rubric and observation rubric.

· All student-generated work should be evaluated.

· Use a rubric to assess student proficiency in all laboratory techniques and skills including social/group skills 

· A format for writing laboratory reports should be provided by the teacher. Students should write reports including analysis of the significance of the activity as it relates to the concept being studied.

· When appropriate, students should be given the opportunity to help develop grading rubrics.

· For multiple-choice items on written tests, allow students to justify their responses. This may identify poorly written test items as well as student misconceptions.

· Students should be given opportunities to evaluate their own work and progress through journaling and/or as part of their laboratory reports.

General Assessments

· The student will collect data reflecting the precision of measuring devices used.

· The student will solve problems using dimensional analysis to set up solutions and calculate units.

· The student will analyze and discuss laboratory results, noting accuracy, precision, safety elements, and sources of error.

· The student will state a research question or hypothesis, identify a variable, and collect and process data to answer the question. 

Resources

· NSTA SciLinks Site - Create a Graph - Enter numbers for various graphs to be generated.

www.SciLinks.org 

· Rubric Generators:

http://rubistar.4teachers.org/index.php


http://teach-nology.com/web_tools/rubrics

http://www.colorado.edu/physics/phet/web-pages/simulations-base.html

Name/School__________________________________           Grade ______________________


Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).

Assessment


Student will produce samples of solved mathematics problems as described in CC Activity 2. A teacher generated traditional summative assessment in the form of a paper-and-pencil test is appropriate.





Assessment


Students should include in their conclusions a self-evaluation based on their success in recording the correct number of significant digits in their data and calculations. They should discuss specific errors they made. A rubric appropriate for this activity is included. See BLMs.





Assessment


Students should realize that the time interval between dots is constant and that if the distance is changing, it must be the rate of motion that is changing. (This activity is a good introduction to concepts of linear motion developed in Unit 2.) A rubric appropriate for this activity is included. See BLMs.





Assessment


Student-constructed graphic organizers should be used throughout the course as an organizational tool for labs, research, and projects. The document entitled Science Format and Rubric: Design a Lab BLM is an appropriate assessment of the student-designed activity.
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