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Abstract

Demand uncertainty and high initial investments for 10T-based projects lead to analyzing various types of options,
especially real options in project execution to decrease these uncertainties. In this study, we investigate the firms’ expected
profits that resulted from appropriate chosen static and dynamic pricing strategies namely low-pricing, high-pricing, and
contingent pricing combined with binomial decision lattices. Besides, the reciprocal influence between pricing strategies
and 10T investment could provide useful insights for the firms that confront demand uncertainties in selling the firms’
products. We propose a model which is the integration of binomial decision lattices, which have been calculated by Real
Option Super Lattice Solver 2017 software, and pricing policies under uncertainty. The results provide insights into what
pricing strategies to choose based on the project’s real option value and the level of the firm uncertainty about the
purchasing of the high-value consumer. Among the mentioned static and dynamic pricing strategies, high-pricing and
contingent pricing strategies under different situations can be selected and expected profits of each of the strategies will be
calculated and compared with each other. On the contrary, as the low-pricing strategy resulted in the lowest option value, it
will not be scrutinized in this study. Experimental results show that if the IOT investment level and high-value consumer
purchasing likelihood are high, the firm will implement the high-pricing strategy, otherwise choosing the contingent pricing
due to the demand uncertainty would be appropriate.
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1- Introduction . _ .
Making an appropriate decision is extremely necessary for

The Internet Of Things (I0T) implementation has been project life. Binomial decision lattice analysis is an
increased in previous years. Various kinds of companies ~ approach that is capable of implementing uncertainties in
and organizations are using IOT as an essential part of ~ any period of the project and decides to continue or
their business because of creating value, bringing new  @bandon that project and they could be applied in plenty of
opportunities to the firm, and realizing customer behaviors ~ Situations such as evaluating real and financial option
[1]. prices [5_3, 9,_10]. Because of Fhe complexity of applylr]g
IOT has been implemented in pervasive areas such as real option in projects [11], it has rarely been used in
customer relationship management (CRM), transportation, technology-based projects, namely IT and 10T product
healthcare, logistics, manufacturing, personal life, home projects. Moreover, obtaining higher expected profits of
appliances, financial and banking sector, and risk  Selling these products is a matter that the 10T-based
management [1, 2, 3, 4, 5]. As monitoring and forecasting companies have confronted; hence, how to obtain higher
customers’ behaviors and customer satisfaction have expected profits in different situations according to the
become an issue in a competitive market [6, 7], 10T 10T level linvestment, is the question that will be
systems play an essential role in choosing pricing ~ responded in this study. Based on what has been
decisions and demand planning that leads to reducing explained, the main contribution of this paper is to propose
demand uncertainty. a model that how 10T-based firms could achieve an

expected profit for the company according to the chosen
pricing decisions.
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The remainder of this article is organized as follows.
Section 2 reviews internet of things, pricing strategies, and
real option analysis. Section 3 proposes the model of this
contribution. Section 4 provides the decision lattices and
expected profits of chosen pricing strategies. Section 5
concludes what had been explained and provides
suggestions for further research.

2- Literature Review

Our research is intently based on three streams of
literature: internet of things definitions and visions, pricing
strategies under uncertainty, and real option valuation that
is combined with binomial decision lattices.

2-1- Internet of Things (10T)

Internet of things as a new phenomenon that is also well-
known as the Web of Things (WOT), is still in incipient
stages where everybody is attempting to explain this
technology according to their visions and such as other
emerging technologies, it has complex social and
economic implications [2, 12, 13, 14, 15, 16]. The 10T
importance in industries and even our personal lives could
not be denied. The number of connected objects and global
IOT market size have been increasing, so far; therefore,
investing in 10T and inspecting the impact of 10T
investment on various companies’ selling pricing schemes
for technology-based products and services due to high
demand uncertainty to earn higher profits for companies,
have become an issue in recent years.

2-2- Pricing Under Uncertainty

Demand uncertainty typically happens when the firms'
sellers are not able to predict consumer behavior and
demand for the different types of their products and
services; hence, applying innovative dynamic pricing
strategies that reflect customer behaviors and preferences
are necessary for most of the firms regarding their business
[1, 17, 18, 19, 20, 21, 22, 23, 24, 25]. For instance, the
sellers could improve the firms' profits by implementing
contingent pricing that is well-suited in e-commerce and
IT services and products [26]. On the other hand, static
pricing strategies namely low-price strategy and high-price
strategy also play a noticeable role in the business process
in which both of these types of strategies can be influenced
by IOT investment [1].

2-3- Real Option Analysis

Project uncertainties that impact future cash flows can be
managed by management flexibility tools such as various

types of real options, play an important role in these
uncertain situations due to the ability to enhance the
expected returns or reduce its expected losses [11]. These
options can be implemented to expand, wait, contract, or
abandon the project during its execution and evaluated by
different methods [8, 27, 28].

IT and IOT projects as emerging technologies in recent
years are not common projects because of requiring high
initial investments and confronting high uncertainties and
risks during the execution time [29]; hence in this paper,
we contribute to a model that decreases these uncertainties
by implementing real options combined with decision
lattices in the production process and IOT investment in
selling strategies.

Therefore, this model lead to decide effectively on doing
the project and following that, selling the products which
were produced during that project.

3- Model Setup

Traditional valuation methods namely discounted cash
flow method (DCF) and dividend valuation models
because of not applying managerial flexibility, have
brought some constraints for the investors. The existence
of some managerial flexible tools in the projects are
necessary because the investors are an aspirant for making
decisions during the project life; hence, in this paper, we
are going to focus on and analyze implementing real
options in projects by creating a discrete binomial lattice
and proposing expected profits for I0OT-based companies
according to their chosen pricing strategy.

3-1- Real Option Valuation

The Black and Sholes and Prasad Kodukula innovative
models have been implemented to value both financial and
real options [27, 28]. Among various techniques which
were proposed by Kodukula, binomial lattice analysis is
our chosen method to value real options in technology-
based projects. This valuation will be implemented in three
steps as follows:

3-1-1- Present Value

The project present value at time 0 is determined by the
discounted cash flow (DCF) method. Three scenarios are
going to be considered with the DCF method which leads
to three present values at time 0, namely optimistic,
average, and pessimistic. The present value of the project
is measured as follows:

FV

PV = (A+r)n

M)
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Where PV is the present value, FV is the future value, r
is a discount rate per period, and nis the number of
periods. Optimistic and pessimistic present values
respectively PV,,, and PV, can also be calculated
similar to Eq. (1), and it is clear that PV, is the
average of optimistic and pessimistic present values in
each of the periods.

3-1-2- Volatility Assumption

The management assumption approach which is based
on three mentioned scenarios and appropriate in
technology-based projects will be applied to estimate
project volatility as follows [28]:

n (M)
_ BV e

o= T @
3-1-3- Binomial Lattice Analysis

Binomial lattice method in comparison with the Black-
Sholes model and Monte Carlo simulation provides
more flexibility in the project because of the transparent
concepts which can be easily explained to the upper
managers.

The present value, risk-neutral probabilities, and up and
down movement factors are the rudimentary factors to
create a binomial lattice that are calculated as follows:

u = exp (6\/5t) ©))
d = exp (—o\/5t) 4)

In Eq. (4), T was the option life, where 8t is the number of
lattice steps during the project execution.

The risk-neutral probability can be measured by:

_exp(rét)—d
== ()

Where r is a risk-free interest rate and other factors have
been determined, so far.

After calculating option parameters and creating the
binomial lattice, the option values at each node can be
calculated by a backward approach while asset valuation is
determined forward.

3-2- 10T-based Firms’ Profits

Among the dynamic and static pricing strategies defined
before, contingent pricing (CP), low-price strategy (LP)
and high-price strategy (HP) will be the chosen pricing
strategies and their expected profits will be derived in this
research. In this study, low-value and high-value
consumers are called LV and HV respectively.

Assume a firm has one unit of product to sell the
consumers and in each period, one type of consumer will
show up; the LV consumer who has full certainty will
show up in the first determined period, while the HV
consumer will come up with less certainty.

Investing in IOT at the level of p € (0,1), leads to
increasing the purchasing likelihood of an HV consumer
which is measured as follows:

Gp) =@ —q0)p+ q (6)

Where g is the maximum likelihood that an HV consumer
will purchase the product and g, is the HV consumer
purchasing  likelihood  without considering 10T
investment. The capital cost which is the convex function
of p is calculated as follows:

1
clp) = — 5 cp? @)
Where c is a capital cost coefficient in IOT investment.

Under LP, the firm exclusively targets LV consumers and
HV consumers will be ignored completely. The firm’s
profit in this policy is [1]:

1
T, = _ECPZ‘FPL (®)

IOT implementation can be a factor that increases the
value of the product or service in the consumer’s opinion,
so IOT can influence a consumer’s product valuation
significantly which can be measured by the following
equation [1]:

Ui: Ui0(1+ap),a20,i:H,L (9)

Where a is the benefit capture coefficient and v;, is the
product value to HV and LV consumers when IOT has not
been invested

Under HP, the firm only emphasizes on HV consumers
and misses the chance of selling to an LV consumer;
however if the HV consumer does not show up, the firm
will receive a salvage price (ps). Hence, The firm’s
expected profit is [1]:

1
my=—5 cp*+ (@ —a))(n — PP+ dolpn — ps) +
Ps (10)

Under CP, Since the consumers do not arrive with each
other at the same time, the firm can sell the product to an
LV consumer but reserves a right to reassign the product
to an HV consumer in the second period. The firm’s
expected profit in this situation is [1]:
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mep = =5 cp? + ((q = q0)p + 90)(pn — vio (1 +

ap+ pl

(1)

3-3- I0T-based Firms’ Pricing Strategies
Combined with Binomial Lattices

Assume a technology-based project such as IOT device
production, which has been valued by decision lattice
analysis, and for decreasing the uncertainties during the

LP

Q

O .

O

Fig. 1 HP and LP Approach

4- Model Analysis

project execution, we implemented real options. Dynamic
and static pricing strategies will be chosen as selling
policies in the firm; thus, the strategy which is resulted in a
higher real option value will be selected. J. Zhang et al.
(2008) proposed a decision lattice with different stages
which was modeled with high-end and low-end service
customers [30]. However, in this paper, our approach is
summarized in three lattices which include high pricing,
low pricing, and contingent pricing which are related to
high-value and low-value consumers who are willing to

purchase

O

technology-based

Fig. 2 HP and CP Approach

We will illustrate our approach with a technology-

based four-period project such as

10T

device

production, which is calculated by binomial decision

products, not
O
O
LP O

O .
oF
O .

services.

Fig. 3 LP and CP Approach

Project future cash flows have been predicted by
applying three scenarios namely, optimistic, average,
and pessimistic scenarios that are related to high
pricing, contingent pricing, and low pricing strategies

respectively. The spreadsheet is shown in Table 1.

lattices.
Table 1: Project spreadsheet
Period | Year Investments and Costs Revenue Cash Flows
Pessimistic | Average Optimistic | Pessimistic | Average Optimistic | Pessimistic | Average Optimistic

0 2020 27,454 27,454 27,454 - - - -27454 -27454 -27454
1 2021 32,945 28,899 24,853 75,080 105,44 135,728 42,135 76,505 110,875
2 2022 36,139 31,789 27,439 89,116 125,345 161,574 52,978 93,556 134,135
3 2023 47,206 39,736 32,266 112,133 156,681 201,230 64,927 116,945 168,964
4 2024 70,809 52,451 34,093 132,396 203,686 274,976 61,586 151,234 240,882

The appropriate discount rate is the risk-free rate which is PV, = $ 604,884, and the project annual volatility is

considered 1.25%. Discounting cash flows to time 0 will 15%.

result in

PVoes =

$ 186,991,

PV, =

avg

$ 395,937,
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4-1- Project Valuations’ Binomial Lattices
According to Pricing Strategies

211

be applied in the project. Pricing strategies’ approaches are

as follows:

In this subsection, a real option which results in threefold
expansion of current operations at a cost of $ 900,000 will
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Based on the above approaches, HP and CP strategies are appropriate strategy; therefore these two policies will be

resulted in higher option values so LP could not be an

scrutinized and compared as follows:
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Fig. 7 HP and CP Project Valuation

In figures 4, 5, 6, and 7, all numbers are in dollars, top
numbers are project values, bottom numbers are option

values, rectangle option values indicate project expansion,
and circled option values indicate the end of the project.
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Figure 7 illustrates that the HP strategy has been resulted
in a higher option value; therefore, in the next subsection
the expected profits of these two strategies will be
calculated and choosing the best strategy for selling the
product, based on the different situations, will be
discussed.

4-2- Expected Profits For Chosen Pricing
Strategies

As it resulted above, high pricing or contingent pricing
could be the appropriate selling strategies in this project;
hence, these two policies under different conditions will be
scrutinized.

400

Our benchmark case is analyzed by assuming two
scenarios namely considering 10T investment or ignoring
it. Besides, with the aid of market research, we consider
Py =365, P, = 206, P; = 154, ¢ = 1.25, and v;, = 300 to
calculate expected profits of these strategies. Figures 8 -12
imply these scenarios as follows:

Expected profit without IOT

CcP

350

300+

Profit

250 F

200f

150

0 0.1 0.2 0.3

0.4

0.5 0.6 0.7 0.8 09 1

a0
Fig. 8 Expected profits without IOT investment

q0=0.1, P=0.1, a=0.1
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Fig. 9 Expected profits with IOT investment, q, = 0.1, p = 0.1,
a=0.1

q0=0.1, P=0.9, a=0.9
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Fig. 10 Expected profits with 10T investment, g, =0.1, p = 0.9,
a=0.9
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q0=0.9, P=0.1, a=0.1

340 ap
cP

330+
320 +
310+
300+
290
280 -

270

260

09 09

Fig. 11 Expected profits with 10T investment, q, =0.9 p = 0.1,
a=0.1

092 093 094 095 096 097 098 099 1

q

Fig. 12 Expected profits with 10T investment, q, = 0.9, p = 0.9,
a=0.9

Table 2: choosing the appropriate pricing strategies with considering 10T investment

q0 P a Chosen pricing strategy
0.1 0.1 0.1 CP

0.1 0.9 0.9 If g>0.14, HP will be chosen.
0.9 0.1 0.1 HP

0.9 0.9 0.9 HP

Figure 8 illustrates that without investing in 10T, if
00<0.36, CP will be chosen as the pricing strategy for the
firm, otherwise, HP. On the other hand, when the 10T
investment is applied, different cases could be analyzed.
When the initial purchasing likelihood of the HV
consumer is low and the firm does not invest in a high
level on 10T, CP will be our selected policy because of the
uncertainty that the firm has confronted. However, if the
firm invests highly in 10T and the product value has been
affected by this investment, for g>0.14 Hp will be the
appropriate strategy. It means that if the HV consumer
purchasing likelihood is 0.15, we can apply HP strategy,
while in the case without 10T investment or low-level
investment, CP strategy will be implemented.

In the other words, investing in 10T will lead to produce
products which the consumers are willing to buy, target
more HV consumers, decrease the firm’s uncertainty and
following that, implementing HP strategy to obtain higher
profits. It is also shown that if the IOT investment level

affects product value in the consumer’s opinion, HP will
be more appealing than CP. Comparing figures 9 and 10
reveals that, investing highly in 10T has targeted more HV
consumers and resulted in a higher expected profit.
Moreover, when the initial purchasing likelihood of the
HV consumer is high, investing in 10T is not necessary
due to the privilege of the HP strategy for any amounts of
g. However, even in this situation, the more investing in
10T, the higher profits will be obtained as it is shown in
figures 11 and 12.

Based on what has been analyzed, we can conclude that
the scenarios which were resulted in a higher option value,
could be chosen as the I0T-based firms’ pricing policies.
In this study, among the mentioned scenarios which are
related to pricing strategies, HP was selected as the best
one. The results can also verify that HP strategy can be
resulted in higher profits with the aid of the 10T
investment.
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5- Conclusions

Technology-based projects especially IT and 10T projects
are not common because of high initial investments and
demand uncertainties that they may face during the project
execution. Applying real options in our investment can
lead to mitigating the mentioned demand uncertainties and
the risk of high initial investments. Various types of real
options can be implemented during the project; since our
case was an IOT-device expansion project, we
comprehensively focused on option to expand in this
study.

Because IOT is introduced as an emerging technology in
recent years, selling strategies of these products must be
chosen appropriately to obtain the highest profit for the
firm. Investing in 10T as it leads to improving consumer
targeting can decrease the demand uncertainty in this
condition. Choosing appropriate static and dynamic selling
strategies namely  low-pricing, high-pricing, and
contingent pricing strategies that are integrated with 10T
investment can be a useful solution for this problem.
Comparing these strategies resulted that HP and CP under
special situations depend on the firm certainty can be our
policy; however, LP strategy will never be chosen. In
other words, if the IOT investment level and the
purchasing likelihood of an HV consumer is high, the HP
strategy will be selected because of obtaining a higher
expected profit. On the other hand, if the firm is uncertain
about HV consumer’s arrival, contingent pricing combined
with 10T investment will lead to obtaining higher profit
for the firm.

Although this paper provides new insights, the model may
not be implemented for service cases as it just focuses on
product projects, so One direction for future research is to
scrutinize 10T-based service firms. Moreover, including
other pricing strategies such as probabilistic selling in
trinomial decision lattices can be suggested for future
research.
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