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Overview

This module of activities helps students recognize a specific cognitive bias that arises in a consequential environmental decision.  When automobile fuel efficiency is expressed as “miles per gallon” (MPG), the common measure used in the United States, most people underestimate the savings from replacing inefficient cars. People incorrectly believe that gas savings (and greenhouse gas reductions) are a linear function of increases in MPG.  However, the actual relationship is curvilinear.  The following table shows the curvilinear relationship by translating different MPG levels into gallons of gas consumed when driving 10,000 miles:

10.0 MPG = 1000 Gallons per 10,000 Miles (GPM)

11.0 MPG = 900 GPM

12.5 MPG = 800 GPM

14.0 MPG = 700 GPM

16.5 MPG = 600 GPM

20.0 MPG = 500 GPM

25.0 MPG = 400 GPM

33.0 MPG = 300 GPM

50.0 MPG = 200 GPM

The math makes clear that the gains from 10 to 11, 16 to 20, and 33 to 50 all save about the same amount of gas:  100 gallons per 10,000 miles, which is equivalent to one ton of carbon dioxide emissions. As people weigh the decision to replace a current car with a more efficient car, they are likely to underestimate the large cost and greenhouse gas savings of seemingly small improvements on inefficient cars. The MPG illusion is corrected when fuel efficiency is expressed in terms of GPM (such as “gallons per 100 miles” or “gallons per 10,000 miles”). 

This module contains several options for introducing the MPG illusion.  The module starts by having the students take a quiz in which students compare the gas savings (and greenhouse gas reductions) of replacing one car with a more efficient car.  Additional materials include a video, website, powerpoint slides, and short readings that can be used to explain the illusion and the math in detail.

The module can be used to introduce a lecture or discussion on the link between psychology and global warming.  In the case of the MPG illusion, a clear policy implication is to have the EPA and consumer magazines supplement MPG information with GPM measures (such as “gallons per 100 miles” or “carbon emissions per 100 miles”).  More generally, decision makers need clear and accurate information about the greenhouse gas consequences of their transportation, diet, work, and housing choices (the impact on a person’s “carbon footprint”). Students can be challenged to think of better tools for helping people make environmentally beneficial decisions.

The mpgillusion.com website contains a link to a GPM calculator that contains information on all new 2009 cars (which will be updated each year as new car models come out). This website is a practical tool for students and their friends and families as they compare gas consumption across new cars.

In sum, learning about the MPG illusion will help students make better decisions for themselves as well as recognize the societal need for good information about how common choices affect greenhouse gas emissions.  

Demonstrating the MPG Illusion

A classroom discussion of the MPG Illusion should begin by having students test their intuition about MPG using a quiz. There are two main options for administering a quiz.  (Note:  URLs to all of the following materials are listed in the Supporting Material section.) 

1)  Outside of class exercise:  2-Item Quiz.

Students should complete the online quiz prior to class. The 2-item quiz asks students about the gas savings that come from replacing a 10 MPG car with a 20 MPG car versus replacing a 20 MPG car with a 50 MPG (over 100 miles of driving).  Most students will choose replacing the 20 MPG car with a 50 MPG car.  However, this saves only 2 gallons per 100 miles; 5 gallons per 100 miles are saved by the 10 MPG to 20 MPG improvement. 

Students can be instructed that, once they have finished the quiz, they should read a longer explanation of the problems with MPG (e.g., students can read the original Science article, the New York Times summary, or view the online video).  Instructors can then build on the quiz and readings by selecting a few slides from the powerpoint set to use in class.

2) Inside of class exercise:  5-Item Quiz.

In class, students can be shown a quiz based on Study 1 of Larrick and Soll (2008).  The quiz can be given on a slide during a lecture; or it can be printed as a handout and collected in a class prior to lecture (allowing the instructor to summarize the students’ responses).

The quiz asks students to assume that a person drives 10,000 miles per year and is contemplating changing from a current vehicle to a new one.  They are asked to rank the following five pairs of old and new vehicles in order of their benefit to the environment (i.e., which new car would reduce gas consumption the most compared to the original car), using 1 for the largest savings and 5 for the smallest savings: 

A) 18 to 28 MPG

B) 16 to 20 MPG

C) 34 to 50 MPG

D) 20 to 22 MPG

E) 42 to 46 MPG

Most students will rank these in order of size of linear improvement:  C first, followed by A, E, B, D.

However, the order A – E reflects the true gas savings. Students are surprised that changes A and B both save more gas than C; and that B and D both save more gas than E. 

After the quiz, slides from the powerpoint set can be selected to explain why MPG is misleading and to start a discussion of better measures for making greenhouse gas decisions.  In addition, students might be assigned a follow up reading, such as the mpgillusion.com website, the original Science article, or the New York Times summary.

Potential Pitfalls

1)  It is important that students complete the quiz before reading or seeing an explanation of the illusion.  Students should not be assigned the original Science article, the New York Times summary, the online video, or the mpgillusion.com website before taking the quiz.   

2)  The quiz items are set up as a choice among different pairs of MPG improvements (such as replacing an 18 MPG with a 28 MPG car versus a 34 MPG car with a 50 MPG car).  Students might ask, why not replace the 18 MPG car with a 50 MPG car?  This is a fair question. If desired, it can lead to a discussion about tastes, needs, costs, etc., that influence whether people opt for the greatest efficiency.  

Although the quizzes pit different pairs of cars against each other, the essential problem with MPG arises in even simpler decisions, such as deciding whether to replace a current car with a new car.  The main problem with MPG is that it leads improvements such as 14 MPG to 17 MPG to prompt a “why bother” reaction—the gas costs savings and greenhouse gas reductions don’t seem worthwhile. However, the 3 MPG saving is as valuable as the improvement from 33 MPG to 50 MPG over the same distance.  And replacing a current 14 MPG car with a 20 MPG car saves twice as much gas as replacing a 33 MPG car with a 50 MPG car over the same distance.  GPM makes clearer the substantial savings of eliminating inefficient cars.  

Additional Discussion/Lecture Options

The notes and Powerpoint slides posted here
http://www.mpgillusion.com/2009/01/classroom-materials.html
contain general suggestions for connecting the MPG illusion to two broader topics:  

1)  Improving Green House Gas (GHG) Decisions

2)  Improving Common Decisions:  The Nudge Principles of Choice Architecture
Supporting Material

Several kinds of supporting materials have been created.  These are good follow-ups once students have taken a quiz either inside of class or outside of class.  We have provided URLs for each of the materials.  (We are currently working on replacing some of the longer URLs with shorter, more memorable URLs.)  

1)  Powerpoint Slides

http://www.mpgillusion.com/2009/01/classroom-materials.html
These Powerpoint slides contain the 5-Item Quiz (and a url to the 2-Item Quiz).  Only one quiz needs to be used.

The slides also contain explanations of the MPG Illusion (including GPM tables and graphs); the results of Study 1 and 3 from Larrick and Soll (2008); and additional slides about policy implications and ways to improve green house gas decisions.

2)  Video

http://www.mpgillusion.com/2008/10/mpg-illusion-video.html
This video is less than 5 minutes long and gives a brief explanation of why MPG is a misleading measure of fuel efficiency.  It could be viewed outside of class after students have completed a quiz; or it could be shown in class.  

3)  Readings

A)  The original Science article and online supplement

http://faculty.fuqua.duke.edu/~larrick/bio/Reshighlights.htm
The original Science article requires a subscription.  However, it can be accessed for free from this Duke research highlights page.  The online supplement is free and can be accessed directly from Science.

B)  New York Times Magazine, December 14, 2008

http://www.nytimes.com/2008/12/14/magazine/14Ideas-Section2-B-t-005.html
This short article summarizes the problem with MPG and discusses the benefits of GPM.

C)  MPG Illusion website

http://www.mpgillusion.com/
This website summarizes the basic argument and provides links to all of the other materials.  It allows students to explore the issue from many different angles. 

4)  GPM calculator

http://www.gpmcalculator.com
This calculator allows students (and their friends and family) to calculate GPM for any new 2009 car and a distance of their choice (as well as gas cost). 

This type of calculator is the type of tool that the EPA (fueleconomy.gov) or consumer magazines could offer to correct the MPG illusion.
www.mpgillusion.com
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