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ABSTRACT. This paper proposes a different solution for the binomial probability distri-
bution by means of the Derive software with application to an accounting example, which
s the main part of this research. The classical solution is obtained through tables that
present several books. The use of tables has the following drawbacks: 1) decimals are
restricted for several digits; 2) in some cases the probability is located between two values
and generally these values are interpolated; 3) at other times the probability is not located
in tables. Therefore, the solution proposed in this paper is more accurate and also any
value can be obtained using the software.

Keywords: A different solution, Binomial probability distribution, Application to ac-
counting

1. Introduction. In probability theory and statistics, the binomial distribution with
parameters n and p is the discrete probability distribution of the number of successes in
a sequence of n independent experiments, each asking a yes-no question, and each with
its own Boolean-valued outcome: a random variable containing single bit of information:
success/yes/true/one (with probability p) or failure/no/false/zero (with probability ¢ =
1 — p). A single success/failure experiment is also called a Bernoulli trial or Bernoulli
experiment and a sequence of outcomes is called a Bernoulli process; for a single trial,
i.e., n = 1, the binomial distribution is a Bernoulli distribution. The binomial distribution
is the basis for the popular binomial test of statistical significance [1-4].

Newell and MacFarlane presented an application of the binomial distribution in which
the distribution is used to detect differences between the sensory properties of food prod-
ucts. Included is a BASIC computer program listing used to generate triangle and duo-trio
test results [5].

Ling discussed a different type of binomial distribution of order k. The mean, the
variance and the moment generating function of this distribution are derived [6].

Makri and Philippou consider the Bernoulli case the number of [-overlapping success
runs of length & in trials and two exact formulas are derived for its probability distribution
function in terms of multinomial and binomial coefficients respectively [7].

Moteria and Ghodasara discussed a novel approach of a cluster to find out similarity
or dissimilarity in binary variables using binomial probability distribution [8].

Moteria and Ghodasara presented a novel approach to find out similarity or dissimilarity
in categorical variables by contingency table and ratio of mismatches using binomial
probability distribution [9].

Hong presents a simple derivation for an exact formula with a closed-form expression
for the cumulative distribution function (cdf) of the Poisson binomial distribution. The
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derivation uses the discrete Fourier transform of the characteristic function of the distribu-
tion. Numerical studies were conducted to study the accuracy of the developed algorithm
and approximation methods [10].

Yuen et al. introduced a discrete-time self-exciting threshold binomial model to price
derivative securities, and the key idea is to incorporate the regime switching effect in a
discrete-time binomial model for an asset’s prices via the “self-exciting” threshold prin-
ciple. This model provides a simple structure for pricing options in a changing economic
environment [11].

Bao et al. presented an inflated-parameter binomial distribution, which is a gener-
alization of the classical binomial distribution, and also shows that there exists exactly
one renewal process such that the number of renewals has an inflated-parameter binomial
distribution [12].

Shmueli et al. in the year 2005 introduced the COM-Poisson-binomial distribution, but
they did not study the mathematical properties of this family of distributions. Borges et
al. discussed some properties and an asymptotic approximation of it by the COM-Poisson
distribution. Moreover, three datasets are also considered [13].

Etukudo and Usen proposed that a theoretical idea of a six-sided die binomial exper-
iment, in the theory of probability distributions is examined in this paper. This idea is
extended and generalized in the postulate of an n-sided die binomial experiment in which
there are n finite possible outcomes of such die toss, for m-trials with equal probabilities
p and 1 — p of success and failure, respectively, for each trial [14].

The binomial distribution may be applicable in the following scenarios [15]:

e The number of heads/tails in a sequence of coin flips,

e Vote counts for two different candidates in an election,

e The number of male/female employees in a company,

e The number of accounts that are in compliance or not in compliance with an ac-
counting procedure,

e The number of successful sales calls,

e The number of defective products in a production cycle,

e The number of days in a month your company’s computer network experiences a
problem.

There is a set of assumptions which, if valid, would lead to a binomial distribution.
These are [10]:

e A set of n experiments or trials are conducted;

e Each trial could result in either a success or a failure;

e The probability p of success is the same for all trials;

e The outcomes of different trials are independent;

e We are interested in the total number of successes in these n trials.

This paper proposes to use the DERIVE software to obtain the solution for the binomial
probability distribution applying it to an accounting problem. The classical solution is
obtained through tables that present several books. The use of tables has the following
drawbacks: 1) decimals are restricted for several digits; 2) in some cases the probability is
located between two values and generally these values are interpolated or take the nearest
of these two; 3) at other times the probability is not located in tables.

The paper is organized as follows. Section 2 describes the general concepts of the
binomial distribution that shows the equations of the binomial probability distribution
function and the cumulative binomial probability distribution function, also the tables
and figures showing the behavior of these functions. Section 3 presents an application for
a company in the accounting department that has past due portfolio. Conclusion (Section
4) completes the paper.
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2. Binomial Distribution. The binomial distribution is obtained by making “n” tests
of Bernoulli independent of each other, in which case it has the following characteristics.

1) n: number of independent replicates of the Bernoulli experiment.

2) All tests must have a constant probability of success “p” and a constant probability
of failure “¢=1-—1p”.

3) X: the number of successes in the n tests; n — X: failures number.

The binomial probability distribution function has the following form:

flx)=Cap"(1—p)"™* (1)
where x =0,1,2,3,....n
The cumulative binomial probability distribution function is:

F(z)=P(X <) Zom —p)ne (2)

LL 7

The arithmetic mean of a random Varlable is:

L= np (3)
The variance “o” is obtained as follows:

o =mnpg = np(l - p) (4)
The binomial distribution is symmetric when p = 0.5; otherwise, it is asymmetrical to
the left or to the right, depending on whether the value of p is less than or greater than
0.5.
The binomial probability distribution function f(z) (for n = 20) is presented in the
following equation:

flz) =" (1 —p)*~" =

where x = 0,1,2,3,...,20.
The cumulative binomial probability distribution function F'(z) (for n = 20) is pre-
sented in the following equation:

20!

@0 o) x)!x!px(l —p)*" (5)

xT

20! .
F(ZE) X < $ ZC«QO z 20 T _ Z mpx<1 _p)20 (6)
0

Table 1 presents the values of the binomial probability distribution function f(z) for
n = 20, and p = 0.1, 0.3, 0.5, 0.7 and 0.9.

Figure 1 shows the binomial probability distribution function f(z) for n = 20, and
p=20.1,0.3, 0.5, 0.7 and 0.9.

Table 2 presents the values of the cumulative binomial probability distribution function
F(z) for n =20, and p = 0.1, 0.3, 0.5, 0.7 and 0.9.

Figure 2 shows the cumulative binomial probability distribution function F'(z) for n =
20, and p = 0.1, 0.3, 0.5, 0.7 and 0.9.

3. Application. It is known that 20% of a company’s portfolio is past due, and a random
sample of 15 accounts is taken. You want to know the following:

1) What is the probability that there are four or fewer overdue accounts?

2) What is the probability that there are fewer than four overdue accounts?

3) What is the probability that there are more than two overdue accounts?

4) What is the probability that there are more than two but less than five overdue
accounts?

5) What is the probability that there are exactly 3 overdue accounts?

6) What is the probability that there are no overdue accounts?

7) What is the arithmetic mean of overdue accounts?
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TABLE 1. Binomial probability distribution function

f(x)
x p
0.1 0.3 0.5 0.7 0.9

0 0.12158 0.00080 9.54 x 1077 [ 3.49 x 1071 | 1.00 x 10=2°
1 0.27017 0.00684 1.91 x 107°| 1.63 x 1072 | 1.80 x 1078
2 0.28518 0.02785 0.00018 3.61 x 1078 | 1.54 x 10716
3 0.19012 0.07160 0.00109 5.05 x 1077 | 8.31 x 10715
4 0.08978 0.13042 0.00462 5.01 x 1079 | 3.18 x 10713
) 0.03192 0.17886 0.01479 3.74 x 107° | 9.15 x 10712
6 0.00887 0.19164 0.03696 0.00022 2.06 x 10719
7 0.00197 0.16426 0.07393 0.00102 3.71 x 107
8 0.00036 0.11440 0.12013 0.00386 5.42 x 1078
9 | 5.23 x 107° 0.06537 0.16018 0.01201 6.50 x 1077
10| 6.44 x 1076 0.03082 0.17620 0.03082 6.44 x 107°
11| 6.50 x 1077 0.01201 0.16018 0.06537 5.23 x 107°
12| 5.42 x 1078 0.00386 0.12013 0.11440 0.00036
13 ] 3.71 x 107° 0.00102 0.07393 0.16426 0.00197
14| 2.06 x 10710 0.00022 0.03696 0.19164 0.00887
15]9.15 x 10712 | 3.74 x 107° 0.01479 0.17886 0.03192
16 | 3.18 x 1071 | 5.01 x 1076 0.00462 0.13042 0.08978
17 8.31 x 1071 | 5.05 x 1077 0.00109 0.07160 0.19012
18 [ 1.54 x 10716 | 3.61 x 1078 0.00018 0.02785 0.28518
19]1.80 x 1071 | 1.63 x 1072 | 1.91 x 107° 0.00684 0.27017
20 | 1.00 x 10729 | 3.49 x 10711 9.54 x 1077 0.00080 0.12158

8) What is the standard deviation for the number of overdue accounts?

3.1. Classical solution (Tables).

X: number of overdue accounts.

Success: overdue accounts.

Probability of success: p = 0.2

Number of tests n = 15

1) The probability of having four or fewer overdue accounts is obtained by p(X < 4)
from the tables of binomial distributions, b ~ (15, 0.2), for n = 15 in the intersection
x =4 and p = 0.2, and we obtain p(X < 4) = 0.836 (see Table [16]).

2) The probability that there are fewer than four overdue accounts is obtained by
p(X < 4) = p(X < 3) from the tables of binomial distributions, b ~ (15,0.2), for n = 15
in the intersection z = 3 and p = 0.2, and we obtain p(X < 4) = p(X < 3) = 0.648 (see
Table [16]).

3) The probability of having more than two overdue accounts is obtained by p(X >
2) =1 —p(X < 2) from the tables of binomial distributions, b ~ (15,0.2), for n = 15 in
the intersection z = 2 and p = 0.2, and we obtain p(X > 2) =1—p(X <2)=1-0.398 =
0.602 (see Table [16]).

4) The probability of having more than two but less than five overdue accounts is
obtained by p(2 < X < 5) =p(2 < X <4) = p(X <4) —p(X <2) from the tables of
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FiGURE 1. Binomial probability distribution function for p = 0.1, 0.3, 0.5,
0.7 and 0.9

TABLE 2. Cumulative binomial probability distribution function

F(z)
p
0.1 0.3 0.5 0.7 0.9
0.12157 | 0.00080 | 0.00000 | 0.00000 | 0.00000
0.39174 | 0.00764 | 0.00002 | 0.00000 | 0.00000
0.67692 | 0.03548 | 0.00020 | 0.00000 | 0.00000
0.86704 | 0.10708 | 0.00129 | 0.00000 | 0.00000
0.95682 | 0.23750 | 0.00591 | 0.00001 | 0.00000
0.98874 | 0.41637 | 0.02069 | 0.00004 | 0.00000
0.99761 | 0.60800 | 0.05766 | 0.00026 | 0.00000
0.99958 | 0.77227 | 0.13158 | 0.00128 | 0.00000
0.99994 | 0.88666 | 0.25172 | 0.00514 | 0.00000
9 | 1.00000 | 0.95203 | 0.41190 | 0.01714 | 0.00000
10 | 1.00000 | 0.98285 | 0.58809 | 0.04796 | 0.00001
11 | 1.00000 | 0.99486 | 0.74827 | 0.11333 | 0.00006
12 1 1.00000 | 0.99872 | 0.86841 | 0.22772 | 0.00042
13 | 1.00000 | 0.99973 | 0.94234 | 0.39199 | 0.00239
14 | 1.00000 | 0.99995 | 0.97930 | 0.58362 | 0.01125
15 | 1.00000 | 1.00000 | 0.99409 | 0.76249 | 0.04317
16 | 1.00000 | 1.00000 | 0.99871 | 0.89291 | 0.13295
17 | 1.00000 | 1.00000 | 0.99979 | 0.96451 | 0.32307
18 | 1.00000 | 1.00000 | 0.99997 | 0.99236 | 0.60825
19 | 1.00000 | 1.00000 | 1.00000 | 0.99920 | 0.87842
20 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000

8
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F1cUrE 2. Cumulative binomial probability distribution function for p =
0.1, 0.3, 0.5, 0.7 and 0.9

binomial distributions, b ~ (15,0.2), for n = 15 in the intersection x = 4 and p = 0.2;
and for x = 2 and p = 0.2, and we obtain p(X < 4) = 0.836; p(X < 2) = 0.398, and
P2 <X <5) =p2<X <4)=pX <4)—p(X <2) = 0.836 — 0.308 = 0.438 (see
Table [16]).

5) The probability of exactly 3 overdue accounts is given by p(X = 3) = p(X <
3) — p(X < 2) from the tables of binomial distributions, b ~ (15,0.2), for n = 15 in the
intersection = 3 and p = 0.2; and for x = 2 and p = 0.2, and we obtain p(X < 3) =
0.648; p(X < 2) =0.398, and p(X = 3) = p(X < 3) —p(X <2) =0.648 — 0.398 = 0.250
(see Table [16]).

6) The probability of non-overdue accounts is given by p(X = 0) from the tables of
binomial distributions, b ~ (15,0.2), for n = 15 in the intersection x = 0 and p = 0.2,
and we obtain p(X < 0) = 0.035 (see Table [16]).

7) The arithmetic mean of overdue accounts is obtained by p = n = 15(0.2) = 3.

8) The standard deviation for the number of overdue accounts is obtained. First we
calculate the variance 0® = np(1 — p) = 15(0.2)(1 — 0.2) = 2.4. Then the standard

deviation is 0 = y/np(1 — p) = 1/15(0.2)(1 — 0.2) = 1.549.

3.2. Proposed solution (Derive software). Another way to get the solution is by
using software as in this case the results were calculated using the Derive software. The
results are shown in Figure 3.

1) The probability of p(X < 4) = 0.8357662760 (see Equation #5 in Figure 3).

2) The probability of p(X < 4) = p(X < 3) = 0.6481621045 (see Equation #7 in Figure
3).

3) The probability of p(X > 2) =1 —p(X < 2) =1 - 0.3980232092 = 0.6019767908
(see Equation #9 in Figure 3).

4) The probability of p(2 < X < 5) =p2 < X <4) =p(X <4) —p(X <2) =
0.8357662760 — 0.3980232092 = 0.4377430668 (see Equations #5 and #9 in Figure 3).

5) The probability of p(X = 3) = p(X < 3)—p(X < 2) = 0.6481621045 — 0.3980232092
= 0.2501388953 (see Equations #7 and #9 in Figure 3).
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F1GURE 3. Input data and problem results

6) The probability of p(X < 0) = 0.03518437208 (see Equation #11 in Figure 3).

7) The arithmetic mean of overdue accounts is obtained by p = n = 15(0.2) = 3.

8) The standard deviation for the number of overdue accounts is obtained. First we
calculate the Variance o? = np(1—p) = 15(0.2)(1—0.2) = 2.4. And the standard deviation

is 0 = /np(1 —p) = 1/15(0.2)(1 — 0.2) = 1.549193338.

4. Conclusions. This paper shows a solution using the Derive software to obtain the
binomial probability distribution function and the cumulative binomial probability dis-
tribution function with application example to accounting. The application is presented
for a company in the accounting department that has past due portfolio.

The classical solution is obtained through tables that present several books. The use
of tables has the following drawbacks: 1) decimals are restricted for several digits; 2) in
some cases the probability is located between two values and generally these values are
interpolated; 3) at other times the probability is not located in tables.

Besides the efficiency and accuracy of the proposed solution presented in this investiga-
tion, the significant advantages are: 1) the decimals are not restricted for several digits; 2)
the probability found is more accurate and also any value can be obtained by the proposed
solution.
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Therefore, the solution proposed in this paper is more accurate and also any value can
be obtained using the software.
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