Logistic Curve and Equation
· The logistic, or sigmoid, curve describes the natural growth process of any system. 

· Any natural growth process consists in filling a given niche since its beginning until saturation, considering that any niche to be filled exhibits a given carrying capacity. In this way, the growth of a population (human beings or any animal species), the diffusion of epidemic or of a technological innovation, the market growth of a new product, and even the physical growth of a living being, may be considered as natural growth processes and are described by logistic curves. 
· Learning processes are also natural growth processes, and for this reason the logistic curves are also called “learning curves”. When a person, or a group, or a collectivity (or population) learns to do something or learns about a new theme, what happens is the cumulative growth of ‘bits’ of information, which begins with tiny initial information and growths until exhausting the necessary information to execute the task or to harness the theme. 
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· The logistic curve is the graphic expression of a logistic equation. Let’s consider a quantity N growing inside a niche with a given carrying capacity M. The differential rate of growth of N inside this niche is given by the equation: 
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known as the logistic differential equation, proposed in 1838 by the Belgian clergyman and polymath P. F. Verhulst, where a represents a proportion coefficient, or in other words, the rate of growth dN/dt is directly proportional to N (size of the system in time t) and to (M-N) (what remains to be grown until M in time t).
· The integral of this differential equation results in the logistic equation: 
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· The coefficient a means physically the system’s growth capacity. In the case of learning processes it means the learning rate of the system (of a person or of a collectivity). This coefficient, or learning rate, can be graphically calculated using the logistic straight line (see figure 2B; t0 represents the time when the growth reaches the half of its maximum, or M/2). 
· The logistic equations and curves are nowadays a powerful and simple mathematical tool to forecast the growth of a system, as for instance the growth of populations, of markets, the diffusion of innovations, etc… 
· Below, in figure 1, it is shown a typical logistic curve (in this case a learning curve). 
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Figure 1 – Logistic curve (or learning curve) corresponding to the vocabulary acquisition of a child between his birth and the begin of schooling. 

 Fisher-Pry formulation – Logit transform 

· The logistic equation can also be represented as a function of f = N/M, as proposed by Fisher-Pry
:
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(1)
· This equation allows the transformation of the sigmoid curve in a straight line (‘logit transform’):
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(2)
· The right term in this equation is a straight line with slope a.

· The graph representation of both equations is shown in figure 2. 
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Figure 2: Graph representation of equations (1) and (2) - A) Fisher-Pry logistic curve, B) logistic straight line (or logit transform)

· A very important parameter of a logistic curve is its “characteristic time” (t, which represents the time that the system needs to grow from 10% till 90% of its maximum size (M). 
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Hosts Ajustados

		Data		Nº Hosts				Delta		0.504096009								Dados Históricos

		1991		907317				Nº Hosts Máximo		514456613								1981.583		213

		1991.25		1028935				t0		2003.57421								1982.333		235

		1991.5		1166817														1983.583		562

		1991.75		1323128				Delta T		8.7284960036								1984.75		1024

		1992		1500319				T 10%		1999.2099619982		51317299		Nº Hosts (10%)				1985.75		1961

		1992.25		1701159				T 90%		2007.9384580018		463139314		Nº Hosts (90%)				1986.083		2308

		1992.5		1928784				t0		2003.57421		257228307						1986.833		5089

		1992.75		2186737														1987.917		28174

		1993		2479021														1988.5		33000

		1993.25		2810158														1988.75		56000

		1993.5		3185252														1989		80000

		1993.75		3610059														1989.5		130000

		1994		4091068														1989.75		159000

		1994.25		4635586														1990.75		313000

		1994.5		5251833														1991		376000

		1994.75		5949047														1991.5		535000

		1995		6737596														1991.75		617000

		1995.25		7629099														1992		727000

		1995.5		8636556														1992.25		890000

		1995.75		9774488														1992.5		992000

		1996		11059073														1992.75		1136000

		1996.25		12508296														1993		1313000

		1996.5		14142096														1993.25		1486000

		1996.75		15982504														1993.5		1776000

		1997		18053774														1993.75		2056000

		1997.25		20382497														1994		2217000

		1997.5		22997680														1994.5		3212000

		1997.75		25930796														1994.75		3864000

		1998		29215762														1995		5846000

		1998.25		32888858														1995.5		8200000

		1998.5		36988545														1996		14352000

		1998.75		41555172														1996.5		16729000

		1999		46630535														1997		21819000

		1999.25		52257282														1997.5		26053000

		1999.5		58478119														1998		29670000

		1999.75		65334819														1998.5		36739000

		2000		72867007														1999		43230000

		2000.25		81110727														1999.5		56218000

		2000.5		90096805														2000		72398092

		2000.75		99849042														2000.5		93047785

		2001		110382302														2001		109574429

		2001.25		121700570

		2001.5		133795105

		2001.75		146642820

		2002		160205023

		2002.25		174426702

		2002.5		189236463

		2002.75		204547238

		2003		220257816

		2003.25		236255176

		2003.5		252417545

		2003.75		268618002

		2004		284728428

		2004.25		300623532

		2004.5		316184687

		2004.75		331303342

		2005		345883794

		2005.25		359845207

		2005.5		373122803

		2005.75		385668247

		2006		397449310

		2006.25		408448908

		2006.5		418663684

		2006.75		428102273

		2007		436783406

		2007.25		444733965

		2007.5		451987104

		2007.75		458580510

		2008		464554840

		2008.25		469952381

		2008.5		474815923

		2008.75		479187852

		2009		483109439

		2009.25		486620309

		2009.5		489758066

		2009.75		492558046

		2010		495053178

		2010.25		497273932

		2010.5		499248325

		2010.75		501001987

		2011		502558254

		2011.25		503938291

		2011.5		505161223

		2011.75		506244287

		2012		507202968

		2012.25		508051151

		2012.5		508801261

		2012.75		509464392

		2013		510050440

		2013.25		510568215

		2013.5		511025556

		2013.75		511429424

		2014		511786002

		2014.25		512100771

		2014.5		512378591

		2014.75		512623765

		2015		512840104

		2015.25		513030978

		2015.5		513199370

		2015.75		513347915

		2016		513478942
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