High School: Physical Science PASS skills

Process Standard 1: Observe and Measure 
1. Identify qualitative and quantitative changes given conditions (e.g., temperature, mass, volume, time, position, length) before, during, and after an event. 

2. Use appropriate tools (e.g., metric ruler, graduated cylinder, thermometer, balances, spring scales, stopwatches) when measuring objects and/or events. 

3. Use appropriate System International (SI) units (i.e., grams, meters, liters, degrees Celsius, and seconds); and SI prefixes (i.e. micro-, milli-, centi-, and kilo-) when measuring objects and/or events. 

Process Standard 2: Classify 
1. Using observable properties, place an object or event into a classification system. 

2. Identify the properties by which a classification system is based. 

Process Standard 3: Experiment 

1. Use mathematics to show relationships within a given set of observations. 

Process Standard 4: Interpret and Communicate 
1. Select appropriate predictions based on previously observed patterns of evidence. 

2. Report data in an appropriate manner. 

3. Interpret data tables, line, bar, trend, and/or circle graphs. 

5. Evaluate experimental data to draw the most logical conclusion.

	Rotten Rulers: Accuracy and Precision

	In this interactive lesson, students learn the difference between accuracy and precision. Students measure the area of an index card using miscalibrated rulers and compile a class set of data. Students analyze the data and determine which ruler is the best tool. The instructor then leads a discussion of accuracy and precision. Students create a list of factors that reduce accuracy and precision and determine how inaccurate and imprecise data may affect conclusions based on the data. Students apply their understanding of measurement through practice questions and subsequent laboratory activities during the semester.
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Primary Learning Outcomes

Students will be able to evaluate a data set and determine whether it is accurate and precise. Students will understand that high quality data leads to strong conclusions. Conversely, inaccurate or imprecise data may lead to invalid conclusions.

Additional Learning Outcomes

Both experimenter and equipment errors can reduce accuracy and precision.



Procedures/Activities


Step:  1 Duration: 10 minutes
Give each student an index card and a "rotten" ruler. Tell the students to measure the area of their index cards in square centimeters using the rulers they were given. Area = length x width. Encourage students to make their best possible measurements despite the obvious flaws in some of the rulers.


Attachments for Step 1 

Title: Rotten Rulers FileName: rotten_rulers.pdf
Description: PDF file of inaccurate and imprecise rulers. 


Step:  2 Duration: 5 minutes
Make a chart on the board for student data. Each student should record his or her data in the appropriate column of the chart.


Attachments for Step 2 

Title: Area of the Index Card Data Table FileName: Area of Index Cards.doc
Description: Draw this table on the board and have students record their measured area in the table in the appropriate column. 


Step:  3 Duration: 10-15 minutes
Conduct a class discussion of the data. Suggested questions: 
a) Which ruler is the best tool for measuring the area of the card? Why? 
b) Since the index cards are all cut to the same size, why did students using the same kind of ruler calculate different areas? 
c) Why did the calculated area differ when different rulers were used? 
d) If everyone agrees that a given ruler is the best tool, is that ruler really the best? 

Teacher note: Typically students decide that the data set with the most similar numbers gives the most accurate measurement of the area. The most interesting discussions occur when students decide the most accurate data was produced by one of the miscalibrated rulers.


Step:  4 Duration: 5 minutes
Give students a store-bought ruler and ask them to compare their "rotten" ruler to the "real" ruler. Ask students to reevaluate which "rotten" ruler is the most accurate. 

Step:  5 Duration: 5 minutes
Explain the difference between accuracy and precision. An accurate measurement is close to the "real" value. In a precise data set, the measurements tend to be closer together. Ideally, data should be both accurate and precise. 


Step:  6 Duration: 5 minutes
Ask students to list factors that can decrease accuracy and precision. Also ask students to explain how these errors may affect conclusions based on the data. The teacher may wish to do this discussion as a think-pair-share or as a written assignment. The teacher may also explain that the precision of the measurements depends on what is being measured. For example, identical index cards would be expected to have the same area but each of the students in the class have different heights.


Step:  7 Duration: 10 minutes
Give and explain to students the summary handout. 


Attachments for Step 7 

Title: Data Analysis Summary FileName: data_analysis.pdf
Description: This handout defines accuracy and precision, provides an additional example of the concepts, and lists some factors that affect data quality. 



Materials and Equipment

One "rotten" ruler per student. Print out the rulers directly from the attached file and cut them out. Most photocopy machines enlarge images by about 4%. Ruler C is accurately calibrated in the original document. Rulers A and B are inaccurate because they are too long or short. Rulers D and E are accurate but imprecise. The activity works best if there are at least 4 students with each ruler type. The teacher may wish to use only 3 or 4 of the rulers with small classes. Also obtain a package of index cards (size does not matter) and store-bought metric rulers.
Talk about human error vs. equipment error

Real area of rectangle: 86.2cm3
1. most accurate ruler A

2. most precise: depends on range

Rotten Ruler Data Table
	Ruler type: Area cm2

	1.
	A
	B
	C
	D
	E
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	Average:
	
	
	
	
	

	Range:
	
	
	
	
	


Data collected: (4 sig figs for each answer) SHOW ALL WORK!

Part I: Measurements taken with your rotten ruler of the rectangle:

1. length =
2. width =
3. Area =
Part II: Calculate Averages and Range
Part III: Using “real” rulers

4. l =

w =  

 A = 

5. Group average =
6. Class average =
Part IV:
7. Actual box area =
8. Most accurate ruler = 
a. Why?
9. Most precise =
a. Why? 
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