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Abstract 

Probability distributions are important tools for assessing the probability of the outcomes that occur. In 

particular, archaeologists have used the Binomial and the Poisson distributions in order to model the 

likelihood of discrete archaeological phenomena. This section introduces these two methods and shows 

practical examples where they can be applied to archaeological contexts. The two distributions are, 

therefore, comparatively described and evaluated on their similarities and differences. The Binomial 

distribution models the probability of “successes” and “failures” in a fixed number of trials. Instead, the 

Poisson distribution counts the occurrences occurring in a given unit of time or space with no fixed 

cutoff. 
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Main Text 

 

The Binomial and Poisson distributions are two statistical methods suitable for calculating discrete 

archaeological phenomena, which means that they have been used for assessing the probability of the 

outcomes that occur. This section introduces these two distributions and comparatively shows their 

differences and similarities.  

 The Binomial distribution is a means to model the likelihood of discrete multiple phenomena in 

which only two possible outcomes are possible such as the presence or the absence of material evidence 

in a given archaeological context (Banning 2000, 124-125). The two possible outcomes of this 

distribution are generally designated as “success” (p) and “failure” (q). The binomial distribution 

describes the behavior of a random count variable X only if all the following conditions are met: 1) the 

number of trials (n) is fixed; 2) each trial has two possible outcomes as “success” (p) or “failure” (q); 3) 

the probability of success p is the same for each trial; 4) each trial is independent, meaning that the 

outcome of one trial does not affect that of any other. The Binomial distribution is applied to cases such 

as coin flipping, where there is a fixed number of trials, the outcome is either head or tail, the probability 

of success (e.g. getting a head) is p = 0.5 for each trial, and the outcome of one flip does not affect the 

outcome of other flips. For the case in which a coin is flipped ten times and counting the number of 

heads, the parameters of the binomial distribution will be the number of trials n =10 and the probability 

of success p = 0.5, and the distribution is conventionally abbreviated as B (10, 0.5). This means that 

there is the fifty percent of probability of getting a head when flipping a coin ten times. Given that there 

are only two possible outcomes, the probability of success (p) in flipping a con for each trial is P(p) = 

0.5, and the probability of failure (q) is P(q) = (1-p), which is 1 – 0.5 = 0.5. Instead, the number of sixes 

by rolling a die ten times has a Binomial distribution B (10, 1/6). So, the probability of success p for 
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each trial is 0.167, while the probability of failure q is 1 – 0.167 = 0.83. In Archaeology there are several 

different applications for the Binomial Distribution. For instance, paleo-botanists use Binomial 

distribution to measure the presence or absence of particular plant taxa in a fixed numbers of samples 

(Popper 1988, 63). This distribution has also been used to assess at the site of Casas Grande the 

likelihood of a co-occurrence of particular decorative motif with male or female effigies (VanPool and 

VanPool 2006).   

For instance, the Binomial distribution can be applied to a scenario where the probability of finding an 

arrowhead in an excavation unit of one squared meter is 0.3, and the excavated units are 10. In this case 

the Binomial distribution is symbolized as B (10, 0.3). Therefore, it is possible to calculate the 

probability of finding one or more arrowheads in a given number of trials. Probabilities of a random 

variable X can be found by applying the following formula (Van Pool and Leonard 2011, 80-81): 

  

  P(x) =
𝑛!

𝑥!(𝑛−𝑥)!
 𝑝𝑥(1 − 𝑝)𝑛−𝑥    (1)                

 

where P(x) is the probability of success out of n trials, x is the specified number of successes (finding an 

arrowhead), n is the fixed number of trials, p is the probability of success on any given trial, and (1-p) is 

the probability of failure (q). The expression 
𝑛!

𝑥!(𝑛−𝑥)!
 is known as binomial coefficient and the notation n! 

stands for the factorial of a number, which can be calculated by multiplying a given number by all 

integers between itself and 1 (e.g. 3! = 3 × 2 × 1).   

Using the formula (1) it is possible to get the probability of finding 4 arrowheads (x) after excavating 10 

excavation units: 

  

P(4) = 
10 × 9 × 8 × 7 × 6 × 5 × 4 × 3 × 2 ×1

4 × 3 × 2 × 1(10−4)! 
 0.34(1 − 0.3)10−4 = 210 ×  0.34 ×  0.76 = 0.20    

 

Figure 1a-b shows the different probabilities density function of finding 0 to 10 arrowheads and 

cumulative distribution for the Binomial Distribution (10, 0.3). 

 

The probability of finding from 0 to 4 arrowheads is then the sum of these probabilities. The 

probabilities are 0.03, 0.12, 0.23, 0.26, and 0.20. Hence, the probability of finding 4 or fewer 

arrowheads is 0.84. The cumulative probability of finding more than 4 arrowheads after excavating 10 

excavation units is 1 – 0.84 = 0.16. 

 Continuing excavating over and over again it is possible to calculate the long-term average of the 

expected successes (number of arrowheads found) over the entire population of trials (excavation units). 

The mean of a binomial random variable X is calculated by the following formula: 

 

𝜇𝑥  = 𝑛𝑝              (2) 

 

where n is the number of trials and p the probability of success. Hence, the mean of the binomial 

distribution after digging 20 excavation units is np = 20 × 0.3 = 6. 

The variance of the random variable X is  𝜎2 = 𝑛𝑝 (1 − 𝑝) and the standard deviation of X is just the 

square root of the variance, which is 𝜎 =  √𝑛𝑝 (1 − 𝑝). The variance in the binomial distribution B(20, 

0.3) is 6(1-0.3) = 6 × 0.7 = 4.84, and the standard deviation is the square root, which is 2.2.  
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Figure 1. Probability (a) and cumulative distribution function (b) for binomial distribution B (10, 0.3), 

and Poisson distribution with 𝜆 = 2 (c, d). 

 

The Poisson distribution is useful for modeling and finding the probability for the number of events 

occurring in a specific interval or time or within a given area of space. A random variable X, the number 

of events in a fixed unit of time or space, has a Poisson distribution when the following assumptions are 

true: 1) the events occur independently of each other; 2) the average frequency that an event occurs in a 

fixed time or space does not change through time; 3) Two events cannot happen simultaneously; 4) The 

probability of the occurrence of an event in a fixed interval is proportional to the length of the interval.  

Unlike the Binomial distribution, the Poisson distribution does not model the probability of the 

frequency of “successes” (p) or “failures|” (q) occurring in a fixed number (n) of trials. Instead, it 

provides the expected number of events in a fixed unit of time or space. This distribution is usually used 

to test if specific events were generated by a random process. In addition, because the Poisson 

distribution is characterized by no fixed cutoff, the random variable X can be a positive integer from 

zero to infinity. The Poisson distribution closely approximates the Binomial distribution when n is large, 

p is very small (one rule of thumb is that it should be no greater than 0.1), and λ = μX. The Poisson 

probability of any given number of the variable X can be calculated with the following formula: 

 

P(x) =  
𝜆𝑥𝑒−𝜆

𝑥!
         (3) 
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Where x is the number of the events whose probability is calculated, λ is the average number of events 

occurring per unit of time or space, and e is a constant that is approximately equal to 2.71828, and x! is 

the factorial number of x.  

 The Poisson distribution can be useful to model events such as the number of patients arriving at 

an emergency room between 10 and12 am, the number of goals scored in a World Cup’s football match, 

the number of students enrolling at the University in a year, the number of phone calls received by the 

Police’s phone centre between 11-12 pm, and so on. In Archaeology the Poisson distribution has been 

generally used to test if past events have randomly occurred per unit of time and space. For instance, the 

rate of disintegrations of radioactive 14C per minute is described by a Poisson distribution (Banning 

2000, 125; Buck. Cavanagh, and Litton 1996, 105). This distribution has also been used by to assess if 

the spatial configuration of archaeological artifacts or sites in a given study area is the result of past 

random processes (Bevan et al. 2013; Crema, Bevan, and Lake 2010; Palmisano 2013).  

 Using the formula (3) it is possible to calculate the probability of the number of events (e.g. 

artifacts or sites) found within a given spatial unit (e.g. a square). For instance, in a scenario where 20 

events are found in 10 squares, and λ is 20/10 = 2, the probability of an empty square is given by the 

following formula: 

 

𝑃(0) =
20(2.718. . )−2

0!
= (2.718. . )−2 = 0.135 

 

and the probability of a square containing one event is: 

 

𝑃(1) =  
21(2.718. . )−2

1!
 =   2 ×  0.135 = 0.27 

 

Probabilities for larger values of X are calculated in the same way to get the distribution shown in Figure 

1c.  

 

Although the graph does not show the probabilities for values higher than 10, this is just to save space. 

In fact, there is a low probability of having a square containing 10 or more events. In the Poisson 

distribution it is theoretically possible having hundreds of events within on square, even though that 

probability would be extremely low. The Figure 1d shows the cumulative probability from zero to X for 

any specific value of X. This is useful to get the probability of finding more or less X events within a 

square. In the present example the probability of finding 1 or less events in a square is 0.135 + 0.27 = 

0.405. Once all probabilities are found, then it is possible to calculate the expected number of squares 

that can contain X events by multiplying the relevant probability by the total number of squares (Lloyd 

2011, 248-249). In this case the expected numbers of squares respectively containing 0 and 1 events is 

1.35 and 2.7. Instead, the expected number of squares containing 4 events will be 0.09 x 10 = 0.9.  

Comparing the expected frequencies with the observed data allows one to assess if the events are 

distributed randomly in a given study area. For instance, the expected number of squares containing 10 

events (0.0003) is close to 0 according to the Poisson distribution. Nevertheless, if in the observed data 

there is one or more squares containing 10 events, it means that the number of squares containing X 

events is more than expected and the events are clustered in one or more parts of the surveyed area. 

Poisson models are, therefore, useful to assess how well a null hypothesis of complete spatial 

randomness explains the observed distribution of artifacts or sites in a given study area.  
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