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Abstract

The purpose of this study is to empirically investigate arbitrage based on option pricing
models, which uses three pricing methods, including Black-Scholes, Heston, and binomial.
This study is an applied analysis with a meta-analysis method in nature. By reviewing 206
published articles and screening the articles in terms of the relevance of the title, abstract,
and content to the topic under review, 65 domestic and foreign studies were selected
between 2000-2024. The results obtained at the level of studies conducted on call option

pricing show that the largest significant effect size on pricing error is related to the
binomial, Heston, and Black-Scholes models, respectively. Also, in the case of put option
pricing, a comparison of the results shows that the binomial, Black-Scholes, and Heston
models have the highest effect size and low efficiency in the field of pricing, respectively.
Comparative comparison of the results showed that the effect size related to the pricing
error of the Black-Scholes model is greater in Asian studies than in American studies. In
other words, the Black-Scholes model has had a higher efficiency in pricing options in the
American market than in Asia. Also, the Heston model has had a higher efficiency in
pricing options in the Asian market than in the United States. Finally, the results related to
the efficiency of the binomial pricing model have not had a relative efficiency in pricing in
accordance with the market at the level of American studies and at the level of Asian
studies.

Keywords: Black-Scholes Option Pricing Error, Heston Option Pricing Error, Binomial
Option Pricing Error.
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Introduction

The irreversible development of the financial market in the contemporary world has led to
the development of various forms of financial instruments (Subalakshmi & Rajkumar,
2022). The use of new financial instruments, and in particular options contracts, as a tool
for risk management and profitability creation, can help the stock market thrive and reduce
the challenges of industry sectors, as they are important basic tools for financial activities,
speculative arbitrage, investment financing, consumer credit, etc. While derivative
transactions have become an important element in the stock market in recent years
(Subalakshmi & Rajkumar, 2022), the pricing of financial derivative securities has become
a very important research field in the modern financial industry. In today's financial
market, on the one hand, the continued increase in market uncertainty has made the process
of changing the main underlying assets, such as stocks, more complex; On the other hand,
the personal needs of various types of customers promote the rapid production and
development of new exotic derivative securities with complex profit and loss
characteristics. These two reasons lead to the derivation of high-dimensional securities
with a complex nature and structure, and increasingly occupy an important position in the
financial derivatives market (Xiong, 2020).

However, countless investment strategies analyze past market and stock returns to
predict future stock returns. Evidence of the profitability of such strategies rejects the
efficient market hypothesis at its weakest level (Rahmani & Sarhangi, 2011). Much
empirical evidence shows that stock prices do not reflect all information available in the
market (Dolo & Meskini-Maud, 2019) and financial market inefficiencies (such as the
options market) indicate that information coverage in prices is not achieved as it should be
(Fathi & Fazelian, 2014); Therefore, regardless of the reason for the discrepancy between
the market price and the equilibrium price of stocks, achieving a trading strategy that
ensures abnormal returns is of particular importance. The efficiency of the derivative
market is important for investors in terms of arbitrage, speculation, and risk hedging (Fathi
and Fazelian, 2010). Among the common valuation approaches in the capital market, the
approach of the absence of arbitrage opportunities (efficient market) is considered one of
the powerful tools. In this approach, it is assumed that if risk-free profit and investment
opportunities (arbitrage) are found in the market due to the unprofessional behavior of
some investors, arbitrageurs will immediately enter the market and eliminate these pricing
errors with their transactions (Fathi and Seydian Hashemi, 2010). Derivatives are contracts
that are concluded on the basis of any underlying asset, such as a common stock, security,
bond, commodity, index, interest rate, currency, etc. A derivative contract is a contract that
is concluded between two parties, the buyer and the seller, for a period of time in the future
(Arora & Sharma, 2019).

Option contracts can be divided into two categories: call options and put options. A call
option is an option that gives its holder the right (not the obligation) to purchase a specific
amount of the instrument on which the contract is based for a specific amount at a specific
time and price. A put option is an option that gives its holder the right (not the obligation)
to sell a specific number of the instruments on which the contract is based for a specific
amount at a specific time and price (Shang & Byrne, 2020).

The low transaction costs of options and the increasing value of stock option market
transactions on the Tehran Stock Exchange and the acceptance of these instruments by
investors with varying degrees of risk aversion double the importance of examining and
valuing options (Peymani et al., 1402). From this perspective, one of the topics of interest
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to financial analysts and economists is the pricing and analysis of price fluctuations of new
instruments such as options and other financial instruments (Baghestani et al., 2018).
Option pricing is one of the most important and challenging topics in the field of financial
mathematics (Namdari and Hamidi, 2018; Dastranj et al., 2010; Nabavi Chashmi and
Bahramzadeh, 2018).

Option pricing models are an important part of derivative transactions and are excellent at
accurately replicating the ideal pricing of corporate debt. At the same time, these models
are effective tools for assessing the risk associated with loan guarantees, insurance, and
pensions (Shang & Byrne, 2020). he most widely used option pricing model is the Black-

Scholes model, which aims to solve partial differential equations. The Black-Scholes
model is a widely accepted model for option pricing. This equation is used to price various
types of European put and call options. Meanwhile, the binomial tree model is also widely
used in dynamic coding (Luo & Wang, 2023). The Black-Scholes stock option pricing
model is often used in conjunction with Monte Carlo simulation for option pricing.
Undoubtedly, the Black-Scholes model (1973) revolutionized the option pricing method,;
however, the Black-Scholes model assumes that the volatility of asset returns is constant,
which is not consistent with practical financial markets (Xu et al. 2023). To overcome this

shortcoming, after Black-Scholes, many experts proposed models for volatility dynamics.
One of the most effective models was the Heston model (1993), which also needed serious
revision due to the fact that it did not consider rare events in the market, such as financial
crises or the arrival of new information that had an impact on the market. Extensive studies
continued in this field, and among the new models, the Bates model (1996) seemed closer
to the real market model and, consequently, more efficient. The price of financial options
can be calculated based on any of these models (Pinto, 2018).

The pricing of an option contract depends on three factors: the difference between the
strike price of the option and the underlying stock, the number of days remaining until
expiration, and the expected volatility of the stock in the remaining days. Naturally, the
price of highly volatile options is more expensive than the price of low-volatility options.
Although options trading may be intimidating for some new market participants, they can
use pricing models to limit their trading risk and increase their investment returns.

Empirical evidence has shown that the use of each of the methods and models for
pricing financial derivatives has led to different results and does not provide a clear path
for investors in the options market to follow. Accordingly, in order to summarize the
results obtained and the effectiveness of using financial derivative pricing models, the
present study reviews and meta-analyzes financial derivative pricing models that have been
studied in recent years and, based on empirical evidence, identifies arbitrage opportunities
resulting from the use of different pricing models for trading options. The goal of investors
in using these pricing strategies is to diversify their investment portfolio, maximize profits,
and minimize losses. The importance of option contracts is in providing opportunities for
investors to manage a situation with less liquidity. In other words, this feature causes the
profit or loss of transactions in a period of time to be multiplied by the customer's
contribution. By purchasing an option contract on an underlying asset instead of the
underlying asset itself, the potential risk of the investment is reduced, and the loss of the
transaction is limited to the cost paid to purchase the option. In fact, option contracts are
used as a risk-hedging tool that allows the investor to cover his risk against adverse price
fluctuations. By selling a stock option contract, the investor can not limit his income from
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the stock to only stock returns and dividends, and can benefit from its price fluctuations
without owning the underlying stock. It allows the investor to fix his purchase or sale cash
flow by paying a percentage of the share price and making the appropriate decision during
the remaining time until maturity. The presence of an option in the investment portfolio as
a derivative asset allows the investor to diversify the portfolio. Given the growth of
financial derivative markets, examining the pricing models of the options market and its
empirical results will be very important and useful in order to increase traders' knowledge
and achieve greater efficiency and profitability, and the lack of research in this field
highlights the necessity of conducting the present study. Considering what has been stated,
pricing models seek to predict the value of financial derivatives, and models that can make
more accurate predictions create fewer arbitrage opportunities and contribute to market
efficiency. Therefore, the purpose of the present study is to examine and analyze pricing
models in the financial derivatives market, which is also considered an innovation of the
study. The study seeks to answer the question of how efficient the pricing models of the
stock options market are, and which model has been more efficient and effective from an
empirical point of view.

Methods & Material

This research seeks to examine and compare the Black-Scholes, Binomial, and Heston
pricing methods; to investigate this goal, the meta-analysis method was used to combine
the results of studies conducted in the field of pricing models. The statistical population of
this research includes articles and theses available and related to domestic and foreign
studies conducted in the field of investigating arbitrage based on the Black-Scholes,
Binomial, and Heston option pricing models among American and Asian countries.
Statistical samples with different pricing methods or invalidity were excluded from the
statistical population of the research, and a total of 65 articles were accepted in the
evaluation process.

Findings

In this study, to evaluate the efficiency of option pricing models, after collecting articles
and applied research in the field of Black-Scholes, Heston and binomial pricing models,
the efficiency of the models was examined based on pricing error at the level of global and
regional studies using a meta-analysis approach. Given the diversity of option pricing
models, models that have the necessary multiplicity for meta-analysis were used. Tests
conducted in the field of heterogeneity showed that at the level of the total studies
examined, except for studies related to the Heston pricing method in the field of call option
pricing, which had homogeneity, other studies did not have homogeneity; therefore, the
random effects model was used to evaluate the effect size.

Conclusion & Results

At the level of studies conducted on call option pricing, the largest significant effect size
on pricing error is related to the binomial model, Heston and Black-Scholes, respectively,
which indicates the greater pricing error of these models, respectively. In fact, the models
have not been efficient in price prediction. Also, in the case of put option pricing, a
comparison of the results shows that the binomial models, Black-Scholes and Heston,
respectively, have had the highest effect size and low efficiency in pricing. Considering the
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different efficiency of regional markets, a comparative analysis of the results in these two
regions was carried out by separating the studies conducted in the United States and Asia.
The low number of similar studies in the European and African markets, etc., made it
difficult to make further classifications. Comparative comparison of the results shows that
the effect size related to the pricing error of the Black-Scholes model is greater in Asian
studies than in American studies, in other words, the Black-Scholes model has had a higher
efficiency in pricing options in the American market than in Asia. Also, comparative
comparison of the results shows that the effect size related to the pricing error of the
Heston model is greater in American studies than in Asian studies, in other words, the
Heston model has had a higher efficiency in pricing options in the Asian market than in
America. Finally, the results related to the efficiency of the binomial pricing model in
American studies show that the pricing error of the binomial model is not significant in the
American market, while it has not had a relative efficiency in pricing according to the
market in Asian studies.
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Figure 1: Process of reviewing and selecting relevant resources
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Table 5: Results of the heterogeneity test and effect size of pricing error of call option pricing models
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Figure 3: Effect size of error in option pricing models
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Table 6: Results of the heterogeneity test and the effect size of the pricing error of put option pricing models
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Figure 4: Effect size of put option pricing models error
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Table 7: Results of the test of effect size and heterogeneity of the Black-Scholes pricing model for US-Asia studies
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Table 8: Results of the test of effect size and heterogeneity of the Heston pricing model of the US-Asia studies
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Table 9: Results of the test of effect size and heterogeneity of the binomial pricing model of the US-Asia studies
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