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Introduction
When a new product is introduced by a company, an estimate for its future sales, profits, 

and other impacts on objectives are important. The appropriate sales-forecasting model var-
ies with the type of the new product and situations such as the degree of novelty of the prod-
uct and the degree of product repurchase ability. Frequency of purchase is low for high-cost 
products such as a piece of capital equipment for the semiconductor industry. As such all new 
products must be adopted by a purchasing population who initially would not know about 
them. The adoption process for new products (e.g., a capital equipment) is a complex process, 
especially for big manufacturers who are the main users of such complex machineries. The 
purchasing process depends mainly on the following: (1) The diffusion of innovations: i.e., 
how a new idea, goods, or services, are assimilated into a social system comprised of knowl-
edge workers such as the scientists, engineers, technicians, researchers, etc. (2) The diffusion 
process of knowledge is the spread of an idea or the market penetration of a new product 
from its source of creation to its ultimate users or adopters. (3) The new technology adoption 
process involves the steps an individual goes through from the time she/he learns about an 
innovation until final adoption (the decision to use an innovation regularly). In case of a cap-
ital equipment, multiple individuals are involved who represent the institution. In what fol-
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lows, we consider a case for a new and complex capital equipment, 
the Tera spectra which is a terahertz nano scanning spectrometer 
and 3D imager (TNS3DI) from Applied Research and Photonics, Inc. 
The main capabilities of the TNS3DI include high resolution imag-
ing down to lattice resolution, volume (3D) imaging, layer by layer 
imaging, and a high sensitivity spectrometer, all embodied in a sin-
gle platform. Thus, the Tera spectra complements and/or replaces 
an AFM, an SEM and a TEM (except for elemental analysis) and adds 
a new dimension for time-domain spectroscopy, among others. The 
reader is encouraged to review the capabilities of this new mode of 
volume imaging and spectroscopy elsewhere [1-6].

As a new concept, it is not obvious to figure out what percentage 
of each of the above-mentioned instrument market segment could 
be claimed by the new Tera spectra. Therefore, a “what-if” scenario 
is formulated based on target usages in specific or collective areas. 
Given that there is significant interest in utilizing the Tera spectra’s 
capabilities in semiconductors, nanotechnology, and biomedical ar-
eas, it is expected to be an able competitor in the aforementioned 
market segments. However, the tera spectra will also compete in 
other markets such as analytical instruments and medical imaging. 
As such a more rigorous investigation should be attempted which is 
outside the scope of this report.

What-If Model Forecast

Figure 1: Timeline of adaptation of a new technology by various 
groups of users.

Based on the foregoing, one can formulate a forecast of the 
“adopters” of a new technology such as the Tera spectra by different 
groups of end users. Social scientists have studied the adoption of 
new ideas by many of such end-user groups. For example, they have 
studied how a group of doctors adopt a new treatment technique, 
or how the farmers accept a new farming idea, and other examples 
of the process of groups of people absorbing innovation. Most of 
these studies show a common trend in adoption of new ideas. They 
are accepted first by the innovators, who seldom make up more 
than 2-3 percent of the larger group. The timeline of adaptation by 
different groups is depicted in Figure 1. The main groups are the 
innovators, the early adopters, the early majority, the late majority, 
the late adopters, and the laggards (Figure 1).

Diffusion Model

The Bass diffusion model was developed by Frank Bass [7] and 

describes the process of how new products get adopted as an in-
teraction between the current users and other potential users. It 
has been described as one of the most famous empirical general-
izations in marketing. A diffusion model produces a life-cycle sales 
curve based on a small number of parameters. The parameters may 
be estimated by analogy to the histories of similar new products 
introduced in the past and by early sales returns as the new product 
enters the market. Bass model is designed to answer the question: 
“How many customers will eventually adopt the new product and 
when?” This is indeed a crucial question to answer before launching 
a new product that requires a lot of investment during the devel-
opment phase, before any profit can be realized. More important, 
investors must know in advance that if their investment will result 
into something good for people. It is appropriate for forecasting the 
first purchase of a new product for which no closely competing al-
ternatives exist in the marketplace. Managers need such forecasts 
for new technologies or major product innovations before investing 
significant resources in them. The Bass model offers a good starting 
point for forecasting the long-term sales pattern of new technolo-
gies and new durable products under two types of conditions. (1) 
The firm has recently introduced the product or technology and has 
observed its sales for a few time periods; or (2) The firm has not yet 
introduced the product or technology, but it is similar in some way 
to existing products or technologies whose sales history is known.

Assumptions of the Bass Diffusion Model

i.	 The Bass model of 1969 make the following assumptions 
(implicit and explicit):

ii.	 Adoption process is binary (consumer either adopts, or 
waits to adopt)

iii.	 Constant maximum potential number of buyers (m)

iv.	 Eventually, all m will buy the product

v.	 No repeat purchase, or replacement purchase

vi.	 The impact of the word-of-mouth is independent of adop-
tion time

vii.	 Knowledge diffusion is considered independent of substi-
tutes

viii.	 The marketing strategies supporting the innovation are 
not explicitly included

As such the basic Bass model leaves out the effects of Influence 
of mass-media communication and the recent Internet. Conse-
quently, a modified model is presented below following the descrip-
tion of the basic Bass model.

According to this model [7], sales S(t), is the rate of change of 
installed base (i.e., adoption) f(t), multiplied by the ultimate market 
potential m:
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Figure 2: Increase of knowledge worker population among 
which new technology knowledge will diffuse.

The coefficient p is called the coefficient of innovation, external 
influence, or advertising effect. The coefficient q is called the coeffi-
cient of imitation, internal influence, or word-of-mouth effect. The 
average value of p has been found to be 0.02 and is often less than 
0.01. The average value of q has been found to be 0.38, with a typical 
range between 0.3 and 0.5. While the market potential m is a param-
eter determined for each market space, it is worth noting that this 
factor is also time dependent (a slight deviation on our part from 
Bass’s original hypothesis). In effect, the ultimate market potential, 
m is the factor that depends on a population of knowledge worker 
among which an early adopter may be found. Diffusion theory as-
sumes that the knowledge of a new technology will “diffuse” among 
this population as a function of time as depicted in Figure 2. Given 
that there are thousands of government labs and establishments 
who will be interested in the robust capabilities of Tera spectra, the 
population represented in Figure 2 is a conservative estimate of the 
knowledge workers. Notable that, similar population exists in other 
market segments where Tera spectra will be a contender. Utilizing 
the foregoing, it is possible to estimate the sales, S(t), given by Eq. 
(1). Figure 3 shows a chart of annual estimates of adopters that are 
likely to adopt the new technology. Bass found that his model fit 
the data for almost all product introductions, despite a wide range 
of managerial decision variable, e.g., pricing and advertising. This 
means that decision variable can shift the Bass curve in time, but 
that the shape of the curve is always similar. Total sales Dollars are 
simply a multiplicative factor of the adopters and unit price. Fig-
ure 3 is a straightforward representation of the diffusion model. 
There are a few factors that must also be considered. Eq. (1) does 
not consider the fact that some adopters may want to procure mul-
tiple units for a single facility. Also, technology products succeed 
one another in generations. Norton and Bass extended the model in 

1987 for sales of products with continuous repeat purchasing. The 
formulation for three generations is as follows:

Figure 3: A fraction of the knowledge worker (Fig. 2) will be the 
adopters of the new technology.
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Mi is the incremental number of ultimate adopters of the ith gen-
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Figure 4: Re-rendering of Eq. (1) for three different market 
segments. Although it is unlikely that all market segments can 
be addressed in the initial years, however, year 3 and onward 
the potential can be realized with proper investment and 
management.

One would be able to evaluate Eq. (2) as more data become 
available in the future. For the present, it is important to recall 
that Eq. 1 can be extended for other market segments with varying 
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knowledge worker population. The net effect may be expressed by 
means of a weighted sum of Eq. (1) for all market segments. This 
“what-if” will result into Figure 4 that shows overall market poten-
tial of Tera spectra. Although it is unlikely that all market segments 
can be addressed in the initial years, however, year 3 and onward 
the potential can be realized with proper investment and manage-
ment.

The Internet Effect

Figure 5: Growth of the Internet from 1995 till March 2021. 
The growth data fit well with a 3rd order polynomial shown [8].

Figure 6: (a) Market potential and (b) Adaptability as influenced 
by the Internet based knowledge propagation.

The adaptability of a new technology is immensely enhanced 
by a global awareness propagated by the Internet. The increasing 
trend of the Internet proliferation is shown in Figure 5, where the 
trend is fitted by a 3rd order polynomial. However, the number of ac-
tual adapters will still depend on other factors as usual. Especially, 
for an expensive piece of capital equipment, the market penetra-

tion will remain very slow despite the knowledge propagation via 
the Internet. Nonetheless, the advent of the Internet is immediate-
ly realized for the diffusion of product specific knowledge among 
the knowledge workers. To incorporate the effect of the Internet 
for the diffusion of knowledge among the knowledge workers, we 
assumed a trend for ( )m t′ represented by the same polynomial as 
the growth of the Internet (Figure 5). In order to scale down the In-
ternet users to a reasonable population of the pertinent knowledge 
workers, a damping factor of 0.1 was assumed. This scaled trend, 
( )m t′ , is shown in Figure 6(a). Utilizing this new ( )m t′ , the number of 

the new adopters (Users) was recomputed, as shown in Figure 6(b). 

The Pandemic Effects

At this time of worldwide corona virus crisis, the above model 
must be reevaluated for the effects of potential worldwide pandem-
ic. During the current coronavirus crisis of 2020-2021, people had 
to adapt social distancing that caused the shutdown of the econ-
omy except for the essential services like the hospitals, grocery 
stores, laboratories, pharmaceutical companies, etc. However, the 
semiconductor industry is actually facing much pressure because 
of the increased demands for chips. Hence the semiconductor fabs 
are very active, and because of their cleanroom environment where 
the workers are always required to be wearing the cleanroom suits 
with facial musk and headcover, there will be a higher demand of 
instrument like the Tera spectra described herein. This is because 
the Tera spectra will help combining the semiconductor metrology 
functionalities for both process development and post-process test-
ing, as well as for failure analysis [8,9].

Conclusion

In conclusion, a novel and complex technology competing 
against established standards will always find itself very difficult 
to gain traction. However, this bigger risk will also bring a big-
ger reward for the pioneers and the investors. The modified Bass 
model discussed herein indicates that the Internet plays a big role 
in spreading the benefit of a new technology among the knowl-
edge-workers, which in turn may increase the adoptability. In fact, 
this the most important factor of the model. The real adoptability 
will depend on other factors such as the affordability, alleviation 
capacity of the pain points of the potential adopters, degree of com-
plexity for the end users and their training, user friendliness and 
availability. Therefore, further modifications of the original Bass 
model are in order and will be dependent on the nature of the du-
rables.
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