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2.4
Forecasting Market Penetration
The entrepreneur is concerned not only with the future itself, but also with the futurity of decisions made today. Technologies rise and fall according to understandable processes and reasonably predictable patterns. By understanding these processes, one can forecast a technology adoption in progress or one yet to begin. Technology change affects nearly every aspect of a business. Thus, even non-technologists may need to understand technology forecasting. There are several approaches to these type predictions, and we'll cover just a few.

Product Evolution

1. Technology Monitoring

The most common practice of keeping current on technology developments is to simply do the following:
· Read magazines and trade publications

· Talk to others in the field

· Keep a scrapbook, journal or “piling system”

· Keep a circle of contacts

· Old days (1980’s): fax

· Today: e mail

2. Delphi Method

The Delphi Method is named after the Oracle of Delphi in ancient Greece. It is based on the premise that one of the best sources of technological forecasts is the opinion of experts in a given industry. The fist step is to assemble a panel of experts (10 to 50 or more) and then send out surveys to the panel. This is done iteratively, where each iteration is called a “round,” and four rounds are typical. The person who directs this process is typically called the Director. The rounds can be characterized as follows:

1. Round 1: Unstructured, open ended

2. Round 2: Director compiles most common responses from Round 1. These are presented to the panelists. The panelists supply specific dates when these events will occur.  

3. Round 3:  Director takes dates and compiles statistics. In this round, panelists give dates again, but they must give reasons for extreme event dates. 

4. Round 4:  Repeat Round 3, with reasons for extreme dates supplied. Panelists may be swayed by these arguments and concur. 

The Director summarizes the findings and the company proceeds accordingly. The Delphi method is a step above using just your own opinion but is still somewhat just a guess, since most of the information is non-quantitative and opinion driven.

3. Trend Extrapolation

Technological evolutions typically progress through successive substitutions of new approaches. Whereas individual technological capabilities follow an S-curve (see earlier section), each capability is succeeded by a technologically superior successor. So you may get a linear or a semi-logarithmic trend. 

A logarithmic scale is good for things that increase at a constant rate (e.g., double every year) as the trend line is then a straight line. The classic example is Moore’s Law:  The logic density of silicon integrated circuits doubles every 18 months. This law was stated by Gordon Moore, co-founder of Fairchild Semiconductor and Intel in 1964. Actually, the rate was initially double every year, but this slowed to every 18 months in the late 1970’s. This does not work all the time! (And by definition will completely miss a disruptive technology opportunity.)

4. Substitution Models

There are several reasons for the adoption of a new technology:

1. Technology-driven adoption:  new technology is adopted because it is more economical or technologically superior to the existing way of doing things. 

2. Diffusion:  a new technology penetrates the market as information of the new technology reaches more people and they learn more about it. 

3. Mortality:  new technology is adopted when old technology wears out or breaks. 

The general pattern of each of these processes is an S‑shaped curve when the percentage of the market captured by the new technology is plotted over time. This is known as the market penetration curve. Note the similarity of this curve to the cumulative density function for a normal (Gaussian) distribution. 
If you want to know the adoption rate of the new technology, you can find it by taking the derivative of the market penetration curve. The resulting curve is the adoption rate or new adopters curve. It looks like the probability density function of the normal (or Gaussian) distribution, the so-called “bell‑curve.”
To predict the adoption of a new technology, we generally have only a few data points, and we need to fit these points to a curve to predict future technology adoption rates. 

There are many models out there of how to go about doing this, but we will focus on the simplest one, the Fisher-Pry model (aka the Pearl curve). The Fisher-Pry model assumes the following:

· Technology A already exists.

· Technology B is superior.

· Relative rate of the adoption of Technology B is proportional to the fraction of the market still using Technology A. 

Let f
=
fraction of market using Technology B

1-f 
=
fraction of market still using Technology A

The equation describing the rate of adoption of the new technology is:
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The solution is
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As with most solutions to a differential equation, the difficulty is finding the values of the constants of integration. If we can find values for the constants “a” and “b,” then we can predict the fraction using Technology B at any time. How do we find values for “a” and “b”? Omitting the gory details, you can show that the Fisher-Pry equation can be manipulated to the form:
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where,


“ln” is the natural logarithm. 

Hence, take your early data for f. 
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    for each time.

Then plot on graph paper, and fit a straight line to the data using linear regression. The intercept will be –ln a. The slope will be b. Then plug these values of “a” and “b” into the Fisher-Pry equation to find “f” at any time. This could be a useful technique, particularly to impress potential investors or a banker. It would give mathematical credence to a projection you are trying to make. The key will be to obtain good estimates of “a” and “b” and then updating your model on an as-needed basis. And once you've ridden your company to a successful point, don't let the steamship mentality set in!

Example
1.  As you may know, recorded music was purchased in the form of long-playing vinyl records and audio cassettes in the 1970’s.  In the 1980’s, compact discs were introduced.  Here is the fraction of album purchases in CD format [as opposed to vinyl LP’s and cassette tapes] over time.  




	Year
	Fraction in CD format (%)

	1986
	10.0

	1988
	23.0

	1990
	38.7

	1992
	47.7

	1994
	65.6


a. Using this data, find the Fisher-Pry curve that best predicts future CD market share.

b. Using your F-P curve, find the prediction for 2002 CD market share. 

c. Using this data, find the Gompertz curve that best predicts future CD market share. 

d. Using your G curve, find the prediction for 2002 CD sales.

e. Which is a better prediction?  Actual 2002 percentage:  
96.08% (from riaa.org)

2.  Simon McBurney is a historian, and he is using the Fisher-Pry model to predict the switch from wood hulled to steel hulled ships in the USA Merchant Marine Fleet.  Here is the data he has collected.  

	Year
	Wood Tonnage (1000’s)
	Steel Tonnage (1000’s)

	1885
	3836
	430

	1890
	3798
	627

	1895
	3666
	970

	1900
	3572
	1593

	1905
	3607
	2850

	1910
	3391
	4117

	1915
	3085
	5305

	1920
	3876
	12448

	1925
	2907
	14499


a. Using the Fisher-Pry model, forecast the percentage of ships with steel hulls in 1939.

b. With access to more recent data, you find that the actual percentage of the fleet with steel hulls in 1950 was 93.74%.  What percentage does your model predict?  Can you think of an explanation for any discrepancy?  

3.  Consider the following data on the Cable TV industry.

	Year
	% of households with cable TV

	1955
	0.5%

	1960
	1.4%

	1965
	2.4%

	1970
	6.7%

	1975
	12.6%

	1980
	19.9%


a. Using the Fisher-Pry model, predict the percentage of households with cable TV in 2003.

b. Using the Gompertz model
, predict the percentage of households with cable TV in 2003. 

c. Which, (a) or (b), do you think is a better estimate?  Explain why.  

�???. should I take out?
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