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Abstract

The diffusion is the process where innovation is communicated through the
certain channels among the members of the social systems in certain time
[1]. This paper presents a simple analytical business diffusion model when
the social environment has not turmoil change and be in the constant clam.
This study also proposes a mental model of business dynamics on business
extension, with respect to sales volume at a certain community through certain
channel. The analytical model was analysed with Apple iPhone sales data [2]
of period 2007 to 2017 and compared with Bass [3] diffusion found a better fit
while estimating the parameters using nonlinear least square(NLS) method.

Keywords: Business, Diffusion, Innovation, Potential Market,
Mental Model.

1 Introduction

While launching a new business/technology the innovators are serious about its
future, thus the business diffusion analysis is an interesting research problem.
Though there are many similar existing businesses, the penetration of the
market and its sustainability is most important. In the new product technology
diffusion, a fraction of potential customers is the first users who accept the
product and they play the role to trigger the diffusion of product through
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the community [3]. The diffusion of innovation [1] segmented the market
share of the new product in five different stages as innovators, early adopters,
early majority, late majority, and laggards as in Figure 1. The innovation has
characteristics as relative advantage, Compatibility, triability, observability,
complexity [1].

The diffusion study in marketing introduced in the 1960s as [2, 4–8].
Then numbers of researchers had contributed to diffusion study. The bass
[2] is the most cited and the pioneer model in marketing literature where
the total adopters were decided with innovators and imitators. Based on the
Bass model framework there are many updated models as [9–12] which
are all effective for forecasting product sales with individual behaviour of
the product. The multigeneration product diffusion was studied as [13–19].
Most of the diffusion models were based on multiple constant parameters as
[2, 20–22] and time varying parameters as [23–27]. As in the Bass model,
there are innovative and imitative coefficients which can be calculated but all
business characteristics act as a single effort in the real diffusion process.

Thus, this paper proposes a diffusion model with a single constant param-
eter which represents all business characteristics as price, policy, word of
mouth, advertisement effectiveness, seasonal factors, customer choice and
behaviour and so on. This model is also based on the traditional definition
of diffusion which is the process where innovation is communicated through
certain channels among the members of social system in a certain time [1].

Figure 1 Diffusion of Innovation [1].
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The contribution of this paper is to propose a simple business diffusion
model, which spread with certain channels. The paper also introduced a
conceptual mental model with causal loop diagram on business diffusion.

2 The model

The business is launched with the new strategy and new concepts to com-
pute the competitive market under the national legislation umbrella and its
extension with their agent-ship with satisfying their product as dealer and
sub-dealers which increases as per the requirements and spread to all potential
consumers. A simple mental model with causal loop diagram of the proposed
mathematical diffusion model is shown as in Figure 2. The advertisement,
schemes, and strategies help to impress the users and increase the sales volume.
Similarly, the feedback effect, which motivates users as well as the business
holder and helps to extend the market.

The business diffusion model is designed under some assumptions as;

1. Constant social cognition.
2. The adoption rate depends on the contact rate.
3. The social media influence rate is the same in all direction and network.
4. The social environment has not turmoil change and be in the constant

clam then the new business diffusion is proportional ‘to the contact ratio
about the products and schemes’ to each person and the advertisement
effect through different media.

The expected diffusion capacity be m (estimated from the survey), the initial
diffusion is slow because nobody knows about the technology initially they
will aware and make the specific users by the innovators. The average rate of
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Figure 2 Simple mental model of business dynamics.
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adoption per unit time among expected people for this initial state be α per
unit small time dτ where 0< τ <t. t be the expected time of diffusion on the
expected market then the total small adopted people in time dτ is dN

dN = m ∗ α dτ (1)

This adopted people [1] diffuse the technology with combine (innovator and
imitator) effect together then the diffusion rate will be β per unit time per
unit-adopted people. The change in adopted people can be written as;

dmd = (β (t − τ) dN (2)

Simplifying with Equation [1] the Equation [2] becomes;

dmd = mαβ(t−τ) ∗ dτ (3)

If we integrate the Equation [3] from 0 to t and considered initial value as
zero then;

md =
mαβt2

2
(4)

This diffused population on Equation [4] is not perfect; it also included some
refused adopters data because of the random distribution of social status and
population. The real adopted people per each time increment is proportional
to the fraction of not adopted population. Then the real small-adopted people
per unit time will be;

dmr = dmd

(
1 − mr

m

)
(5)

Rearranging and integrating the Equation [5] becomes;

log (1 − X) =
md

m
(6)

where X = diffusion fraction = mr/m
Then,

X = 1 − exp
(
− md

m

)
(7)

Or

X = 1 − exp
(

−αβt2

2

)
(8)

Further simplification:

X = 1 − exp
(−kt2

)
(9)

Where, constant k= αβ
2

The cumulative diffusion fraction of the business depends upon the square
of time and business characteristic constant k.
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Figure 3 Cum. sales diffusion with different models.

Source: https://www.statista.com/statistics/216459/global-market-share-of-apple-iphone/

3 Analysis

The proposed model was examined with the iPhone sales data from
2007–2017 [2]. While estimating the parameters using NLS, the potential
sales of iPhone was 1.2e + 4 million and the value of constant k was 4.5e−4.
The R2 value of the proposed model on the iPhone sales data was 0.99.
On comparison with the Bass diffusion model, the potential sales was just
1.83e + 03, the coefficient of innovation(p) was 3.97e−3, the coefficient of
imitation(q) was 4.85e−01, and the saturation of market will be only about
2020. The comparison plot with the Bass [3] model is as shown in Figure 3.
This shows, the Apple’s business strategies on iPhone sales with different
generation products and competing with other smart phone brands the market
saturation will be reached at 2070.

4 Conclusion

Under constant environment and continuing the present business exercises, the
proposed business diffusion model performed the better fit than Bass model.
This paper proposes a model on the extension of business with respect to its
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sales volume in certain community with a certain communication channel.
While analysing the model with Apple iPhone sales data of 2007 to 2017
and compared with the Bass diffusion model it is found the better fit. The
parameters were estimated using the non-linear least square method. The
iPhone sales under the present business strategies theApple can hold its market
up to 2070 then it reaches the saturation point. Thus, this model can be a good
forecasting tool to analyse the business diffusion process.
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