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Expected Value of Perfect Information
Figure 1 shows the decision tree we developed in the previous lecture.  Having completed the drawing, we are now ready to make our decision, when the phone rings.










Figure 1: Decision Tree

It is our boss, telling us that he has someone on the other line who wants to sell us some market research data.  He wants to know if you are interested

Q:
How much does it cost?

A:
$5,000.

D:
That’s dirt cheap for market research data.  We would typically expect to pay $15,000 to $30,000 for even a simple survey.

Q:
Why is it so cheap?

A:
The data comes from a survey conducted for another company, who paid full price for the work.  The market research company is trying to make a little extra money by re-selling the data.
Q:
What does the data tell us?

A:
It will only tell us whether the market is favorable or unfavorable.

Q:
Can we use that type of information?

A:
Yes.

D:
If you look at the tree in Figure 1, then both high growth and moderate growth would be considered favorable.  Low growth would be considered unfavorable.

Q:
Is it worth $5,000?

A:
We can use the Expected Value of Perfect Information (EVPI) to come up with a quick answer to that (remember – your boss is on the phone with you)

Q:
What does “perfect information” mean?

A:
It means that whatever it tells you is correct.

Q:
Can you actually buy perfect information?

A:
No, not legally, but let me set up a hypothetical situation:

D:
The following is not intended to insult anyone’s religious beliefs.  It is supposed to be a little bit funny and to make a point.  

You are sitting in your office, feet up on the desk and thinking about the decision tree, trying to make up your mind, when a celestial being appears in your office.  It is angel in full regalia: wings, robes, halo and harp.  The angel announces that s/he is raising money for a vacation to Disney World by selling information about the future.  The information was gleaned by eavesdropping around the throne of God, up in heaven.  At this point, the angel pulls out a stone tablet, which is kept turned away from you.
Q:
Why does the angel keep the tablet turned away from us?

A:
S/he doesn’t want you to see the information before you buy it.

D:
That’s a funny thing about buying information.  Think of buying a car: do you send a letter to a dealership, listing the features you want on your new car, have them select one for you, and they drop it off when you send them a check?  Probably not, most of us go look at the car before we buy it.  If you rent an apartment, do you just sign the contract or do you go look at the apartment first (actually, there have been times in my life where I have been desperate enough to just signed the contract, but not by choice)?  If you buy even a loaf of bread, do you turn it over to make sure it isn’t all green on the bottom?  Of course you do.  Whenever we buy something, we look at it first.  You don’t do that with information.  

Q:
Why do we buy information sight-unseen?
A:
If they let you see the information first, you might not pay them (though I’m not sure I’d recommend doing this to a celestial being).

D:
Remember that the next time you hear someone railing away at our Intelligence agencies.  The CIA and friends spend their entire lives dealing with a product they must purchase before seeing (imagine running the purchasing department for your company like that).  They naturally spend a lot of their time trying to verify information they have already purchased, and that’s before they can begin to analyze it.  It must be frustrating, to say the least.
Q:
So what is the angel’s information worth to us?

A:
That depends on what the information says.

D:
If we could see the information, then we would know what to do and we could judge what it is worth by how much we gain (or how big a loss we avoid).  Unfortunately, we won’t know what it says until after we hand over a check.

Q:
How do we know how much to pay?

A:
That’s a different question, and one we can answer via the EVPI calculation.

Q:
How do you calculate EVPI?

A:
Calculate a weighted average of the best payoffs for each state-of-nature.

D:
We don’t know exactly what the stone tablet will say, but we can narrow down the things it might say, by considering what possible futures exist for our company.  We can get a list of possible futures by looking at the decision tree.
Q:
Is that all the futures we have to consider?

A:
Let me answer that question with another question:

Q:
What is the assumption of exhaustiveness as it applies to states-of-nature?

A:
The assumption of exhaustiveness is that we have a complete list of the states-of-nature.

D:
That means the tree shows all possible futures, which further means that the tree shows all the possibilities of what might be written on the stone tablet.

Q:
Are the assumptions for a decision tree the same as the assumptions for a payoff table?

A:
Yes.

D:
You might have guessed that when I said (in an earlier lecture) that any payoff table can be drawn as a tree.  The only difference is that the assumptions apply to the nodes (circles and squares), not the tree as a whole.  Thus, each node is mutually exclusive, exhaustive, and deterministic.

Q:
Could you give an example of calculating the EVPI?

A:
Sure.

D:
Start off by listing the possible futures, as shown in Figure 2:

	High
	Moderate
	Low


Figure 2: Possible Futures for EVPI Calculation

Then, for each state-of-nature, look at the tree (Figure 1 is repeated as Figure 3, below) and select the best payoff.










Figure 3: Decision Tree (repeated)


To help, I have shown all the “High” state-of-nature payoffs in green, all the “Moderate” payoffs in blue and all the “Low” payoffs in red.  I have also put the winner for each state-of-nature in bold.  Copying the winning (highest) payoff for each state-of-nature into our table, we get Figure 4:

	High
	Moderate
	Low

	2500
	1200
	-50


Figure 4: Possible Futures for EVPI Calculation


The instructions say to calculate a weighted average of these “best” payoffs, so we need some weights.

Q:
What is our current best estimate that the stone tablet will read “High Growth?”

A:
40%

D:
This came from the decision tree, our probability of “High Growth” occurring.  That is likely to be our best estimate because it is our only estimate.  Taking the rest of the probabilities from the tree, we get the calculation in Figure 5:
	High
	
	Moderate
	
	Low
	
	

	0.40*(2500)
	+
	0.40*(1200)
	+
	0.20*(-50)
	=
	1470


Figure 5: EVPI Calculation


Now we have calculated EVPI, but we still don’t know how much to pay the angel.

Q:
Would we pay the EVPI amount, $1,470K (remember that the payoffs are in 000’s)?

A:
No.

D:
We have to stop and ask ourselves how well we could do without the angel’s help.  Looking up at Figure 3 again (I refuse to copy down that tree a third time), our best expected value is $1,380K.  Considering that, the angel’s information, perfect though it is, is worth only the difference between those two, as shown in Figure 6:



EVPI
$1470K



- EVw/oI
- 1380K


Purchase Price
90K

Figure 6: Purchase Price for Perfect Information

Q:
We would pay $90K for the perfect information?

A:
Yes.

D:

It might seem that we are cheating the angel (perhaps not all that bright an idea, given his/her connections) because this information will be worth a lot more than merely $90K.  Remember, though, that we can work without the information and make some decision, and that we still don’t know what the information will say.  Since we don’t know, we have to consider all the possibilities, and that drives down the price.


Q:
Does all this have anything to do with our problem?

A:
Of course it does.

D:
To get back to the problem at hand, our boss is still on the phone, wanting to know if we are willing to pay $5K for some decidedly non-perfect information.

Q:
Will our boss really wait while we calculate EVPI?

A:
Yes.

D:
If you drop out my silly story, know how the calculation works and have the data in front of you, then this calculation should take less than a minute.

Q:
How does EVPI tell us what to pay for imperfect information?

A:
It doesn’t, directly.

D:
What you do with EVPI is find out the cost of the information (we know that, $5K) and a quick estimate of the accuracy of the information.  So you ask your boss if the market research company is any good.  S/he says, “Yes, we’ve worked with them before and they’ve been pretty good.”  The only question, then, is:
Q:
Are you willing to spend $5K for “pretty good” information when you know you would pay $90K for perfect information?
A:
Well, I would.

D:
The EVPI acts as an upper limit for us.  You will be amazed at how quickly that value ($90K) drops off as the accuracy decreases (we will calculate a version of that in the next lecture).  The only virtue of the EVPI is that it is quick.  Once your boss asks, you can perform the calculation and have a basis for making a decision in less than 60 seconds.  It is an extremely rough estimate (quick ones usually are), but at least it is something to base your decision on.

Q:
Is there any other calculation, one that perhaps takes longer but is more accurate?

A:
Funny you should ask.  See the next set of lecture notes, on Expected Value of Sample Information.
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