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Option pricing is crucial in enabling investors to hedge against risks. The Black–Scholes option pricing model is widely used for this purpose. This paper investigates whether the Black–Scholes model is a good indicator of option pricing in the United States stock market. We examine the relevance of the Black–Scholes model to certain stocks using paired sample t-test and Corrado and Miller’s approximation for the implied volatility. Empirical tests are applied to determine the significance of the relationship between the actual market values and the Black–Scholes model values. Paired sample t-tests are applied to 582 call options and 579 put options. The empirical test results show that there is no significant difference between the actual market premium value and the Black–Scholes model premium value for seven out of nine stocks considered for call options, and four out of nine stocks considered for put options. Thus, we conclude that the Black–Scholes option pricing model can be used to price call options but is not suitable for pricing put options in the United States stock market.
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1 Introduction

A derivative security is a contract for which the value is determined by the performance of an underlying security or collection of securities. The value is derived from the performance of assets, interest rates, currency exchange rates, or indices. Such securities can also be defined as financial instruments that do not constitute the ownership but rather a promise to convey ownership. The market for derivative securities has become huge in recent years. Worldwide, over-the-counter (OTC) derivative securities were worth a notional value of $632 trillion with a gross market value of $18.3 trillion at the end of June 2022 (1). Their economic function is to transfer the risk from those who do not want to bear it to those who are willing to bear it for a fee. In this respect, the derivatives market is much the same as the insurance industry. Due to their great flexibility, securities are traded by both professionals and retail investors. For these investors, equity derivatives such as warrants and options offer the opportunity to earn some extra income from their shares to protect the value of their existing shareholdings. Many applications are available to investors depending on the level of the risk they are willing to accept. Professional investors frequently use stock and index options to hedge their share portfolios. Index options allow investors to gain some broader exposure to the market compared with the single securities. Derivative contract types include options, swaps, futures, and forwards. This research focuses on the options contracts.

Options were firstly traded on an organized exchange in 1973, since when there has been dramatic growth in the market. An option is a contract between two parties in which one party has the right, but not the obligation, to buy or sell an underlying asset. Having rights without obligations has a financial value, so the option holders must purchase these rights, making them assets. These assets derive their values from some other asset, so they are called derivative assets. The two main types of options are call and put options. A call option is a right, but not an obligation, to buy an agreed quantity of a particular commodity or financial instrument (the underlying instrument) from the seller of the option at a specific time (the expiration date) for a certain price (the strike price). The seller (or writer) is obligated to sell the commodity or financial instrument, whereas the buyer has the right to buy or not buy. The buyer pays a fee called a premium for this right. The buyer of a call option hopes the price of the underlying instrument will rise in the future. If the buyer decides to exercise the option, the writer must sell the stock at the strike price. If the buyer does not exercise the option, the writer gains the premium. A put option is a contract between a seller and a buyer in which the seller has the right, but not the obligation, to sell a commodity or financial instrument to the writer of the option at a specific time for a certain price. The buyer of the put option hopes that the price of the stock will decrease and pay a premium. This premium cannot be returned, but simply provides the right to sell the stock at the strike price. Options contracts may be styled as either European or American. A European-style option can be exercised on the day of expiration, while an American-style option can be exercised at any time up to the day of expiration.

In 1973, the theoretical model for pricing European-style options was developed by Black and Scholes. This model has been widely used by many researchers, investors, and traders. The model is based on the following assumptions:

• The option is a European-style option (that is, the option can be exercised on the expiration date).

• There is continuous trading.

• Efficient markets (that is, the direction of the market cannot be predicted).

• The underlying stock does not pay dividends during the option’s life.

• There are no commissions or transaction costs for buying and selling options.

• The underlying assets’ risk-free interest rate and volatility are constant and known.

• The returns on the underlying stock are normally distributed.

• There are no riskless arbitrage opportunities.

The Black–Scholes formula takes the following variables into consideration:

• The current price of the underlying stock (S).

• Time until expiration (t), expressed as a percentage of a year.

• The volatility (σ) of the underlying stock.

• The strike price (K) of the option.

• The risk-free interest rate (r).

The Black–Scholes formulas are presented as follows.

The Call option premium

[image: image]

The Put option premium
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where
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and [image: image] is the cumulative standard normal distribution function.



2 Literature review

Black and Scholes (2) developed the Black–Scholes option pricing model (BSOPM) for European-style options. Although this model is widely used for pricing options contracts, its accuracy is subjected to debate. As a result, several studies have been conducted to test the model’s accuracy, and discrepancies have been found between the market value and the model value. Kumar and Agrawal (3) investigated the efficiency of the Black–Scholes model for the valuation of the call option contracts on eight stocks quoted on the National Stock Exchange of India (NSE). They compared the theoretical prices with the actual market price to examine the pricing accuracy, and observed that the Black–Scholes model mispriced options on several occasions and the volatilities were high for options that were highly overpriced. Sinha et al. (4) estimated the option premium of different call and put options by considering three different option chains from all mid-cap firms listed on the NSE. Their study showed that the option premium calculated using the Black–Scholes model was lower than the actual premium in the market, leaving the options overpriced. Srivastava and Shastri (5) examined whether the BSOPM is a good indicator of option pricing in the Indian context. The 10 most popular industry’s stocks listed on the NSE were considered. The BSOPM was applied considering both volatility and the risk-free rate. They applied a t-test to the hypothesis and determined the significance of the relationship between the BSOPM values and the actual values, and found that the BSOPM involves a significant degree of mispricing. Therefore, they concluded that the BSOPM alone cannot be adopted as an indicator of option pricing.

Several studies have compared the Black–Scholes model with other models to gage its accuracy. Yakoob (6) analyzed option valuation models (a modified Black–Scholes model with dividends, an absolute diffusion model, and the Hull–White stochastic volatility model) using options contracts on the S&P500 and S&P100 indexes. The option prices provided by various models were compared with the market prices of the options to evaluate the pricing accuracy, and the absolute and relative errors were computed. The Black–Scholes model was tested with both implied and historical volatility, and errors in the Black–Scholes formula were identified from analysis of the implied volatility smile. The absolute diffusion model, which assumes non-constant volatility, and the Hull–White stochastic volatility model, which assumes unpredictable random volatility, were found to provide far lower accuracy in pricing than the Black–Scholes model, particularly in the case of the Hull–White stochastic volatility model. Yakoob concluded that the Black–Scholes model is useful as an options valuation model and not simply a theorem. Yashwin et al. (7) analyzed the Black–Scholes model and Merton’s model to determine which is more applicable in India for European-style call options. They used both models to calculate the call option premium and compared the results with the actual call premium. The model giving the lowest percentage difference was considered to be favorable in predicting the call option premium. Under several assumptions, calculations, and interpretations, they concluded that Merton’s model is preferable. Swapna et al. (8) attempted to study the relevance of the Black–Scholes model and Black’s model in the Indian derivative market, with specific reference to banking stock options from the Nifty bank index. Their paired sample t-test revealed a significant difference between the model prices and market prices calculated through the Black–Scholes model. At the same time, no significant differences were observed between the calculated model prices and market prices of options under Black’s model. They observed that Black’s formula produces better alternatives than the Black–Scholes formula for pricing the banking stock call options.

There have been various suggestions regarding the assumptions of the Black–Scholes model. McKenzie et al. (9) evaluated the probability of an exchange-traded European call option exercised on the ASX200 option index using single-parameter estimates, which utilize qualitative regression and a maximum-likelihood approach. Their qualitative regression models indicated that the Black–Scholes model was significant at the 1% level in estimating the probability of an option being exercised. The results based on the maximum-likelihood method indicated that the factors of the Black–Scholes model are, collectively, statistically significant. That is, their test results showed that the Black–Scholes model is relatively accurate. The study of McKenzie et al. also provides evidence that the use of implied volatility and a jump-diffusion approach can increase the tail properties of the underlying lognormal distribution and improve the statistical significance of the Black–Scholes model. Krznaric (10) analyzed the price movement of 480 stocks in the S&P500 during the year 2014 to determine the effectiveness of the Black–Scholes formula for pricing call options. He found differences between the Black–Scholes prices and those of the actual stocks, and concluded that the model is not particularly accurate in pricing call options. Krznaric suggested that altering the market assumptions, especially those relating to constant volatility and known interest, could compensate for some of the limitations of the Black–Scholes model, and further said that the Black–Scholes method could be of value for identifying an option’s overall distribution over time, thus providing a reasonable starting point for pricing stock options. Huhta and Perttunen (11) evaluated the performance of the BSOPM on European call options written on the US S&P500 equity index in the year 2014. Their empirical results showed that strict assumptions related to the model must be relaxed to incorporate the observed market prices. They deduced that the assumptions about constant volatility and normally distributed error terms are incorrect and that the Black–Scholes model mispriced the US S&P500 index options in 2014. Arora and Sharma (12) investigated the efficiency of the option prices derived by the BSOPM using 10 stocks as samples for the determination of call and put option prices. The BSOPM seven-day moving average prices were used to compute the volatility. They found that theoretical option prices are mispriced when compared with the actual market option prices. Thus, they concluded that the BSOPM is not suitable for pricing option contracts and is not efficient for equity option pricing in the Indian market. They recommended that factors such as option volumes and implied volatility are mainly responsible for price changes in option contracts, rather than the five predictors considered in the BSOPM.

A number of modified Black–Scholes models have been used to compute more accurate option prices. For instance, Khan et al. (13) modified the Black–Scholes formula by adding new variables based on a given assumption related to the risk-free interest rate. They investigated the Black–Scholes model on the NSE derivative markets for European-style call (CE9000) and put (PE8500) options. Pearson’s correlation test was applied to compare the market value with both the modified and original Black–Scholes model. Their empirical results proved that the existing Black–Scholes model has a powerful effect that should not be neglected. Chauhan and Gor (14) compared a modified Black–Scholes model, which was obtained by changing the normal distribution to the truncated normal distribution, with the classical Black–Scholes model. They computed the theoretical prices for selected call options listed on the NSE, and concluded that the modified Black–Scholes model gave results that were closer to the market price of the options contracts.

To assess the efficiency of the Black–Scholes model, various studies have investigated different market periods. Angeli and Bonz (15) used the nonparametric Mann–Whitney U-test to examine whether the Black–Scholes model produces reasonable results during financially turbulent periods. They calculated the theoretical values of 5,814 options (3,366 put option price observations and 2,448 call option price observations) under the Black–Scholes assumptions, and compared them with the real market prices around the bankruptcy of Lehman Brothers. Their empirical results showed that, during this period of financial turbulences, the Black–Scholes model did not react sufficiently quickly to changes in market volatility. Both call and put options tended to be overpriced, but were more likely to be overpriced in the period after the Lehman Brothers collapse than before. They concluded that the Black–Scholes model performed differently in the period after Lehman Brothers went bankrupt than in the period before. Redroban and Cifuentes (16) examined the performance of the Black–Scholes formula before, during, and after two periods of market stress: the subprime crisis (October 2008) and the onset of the COVID-19 pandemic (March 2020). They found that the degree of mispricing was significant, exceeding 100% in many cases during both crises and in all scenarios analyzed. They concluded that the accuracy of the Black–Scholes formula is very poor.



3 Methodology


3.1 Research methodology

The classical BSOPM is for the non-dividend-paying assets and the European-style options. However, we will consider the extended Black–Scholes model, which was first introduced by Merton (17). The assumption that the pricing model can only be applied to European-style options is relaxed, allowing this model to be applied to American-style options. The extended Black–Scholes option pricing formulas with a dividend for call and put options at time t are described below.
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where
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[image: image] is the price of the underlying asset at time t, K is the strike price, δ is the dividend yield, σ is the volatility, T is the time until expiration, and [image: image] is the cumulative standard normal distribution function.

This study uses the implied volatility calculated by Corrado and Miller’s model (18). According to Haug (19), the approximated implied volatility for a call option under Corrado and Miller’s model (18) is:

[image: image]

where [image: image]is the market premium for the call option and b is the percentage cost of carrying the asset. The cost of carry b is interest rate minus the dividend yield. That is, b = r − [image: image], and so b – r = −[image: image].

Hence, the implied volatility is estimated as:

[image: image]

When [image: image] < 0, Corrado and Miller’s approximation for implied volatility involves the square root of a negative number. Thus, in the formula, we replace the square root of a negative number with a value of 0; i.e., we use the square root from the formula as used by Chambers and Nawalkha (20). That is, if [image: image] < 0, then [image: image] would not have a real solution. For such cases, the implied volatility for the call option is calculated by:
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The implied volatility approximation for the put option is:
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where [image: image]is the market premium for a put option. The implied volatility does not have a real solution when [image: image] < 0. Thus, in the formula, the square root of a negative number is replaced by a value of 0; i.e., we use the square root from the formula as used by Chamber and Nawalkha (20). That is, if [image: image] < 0, then [image: image] would not have a real solution. For such cases, the implied volatility for a put option is calculated by:
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3.2 Data

The data for the stock options chain were obtained from Yahoo Finance for May 17–June 17, 2022, for options expiring on July 24, 2022. The dividend yield was also obtained from Yahoo Finance. The companies considered in this study are the Bank of America (BAC), JPMorgan Chase & Co. (JPM), Wells Fargo & Company (WFC), Merck & Company, Inc. (MRK), Pfizer Inc. (PFE), UnitedHealth Group Incorporated (UNH), Apple Inc. (AAPL), Microsoft Corporation (MSFT), and NVIDIA Corporation (NVDA). We considered 252 trading days and took the 3-month rate from the United States Federal Reserve as the risk-free interest rate.




4 Empirical results


4.1 Stocks trend analysis

Figure 1 shows the trend in all stocks considered from May 17, 2022, to June 17, 2022. The closing price of stocks was used. According to the chart, all the stocks experienced a decline on May 17. Around May 18–19, the stocks started increasing till May 27, when it was relatively stable till June 7–9 and experienced a sharp decline afterward which could be a result of restrictive monetary policy to address the high inflation in the economy. However, WFC appears to experience fewer changes compared to other stocks.

[image: Figure 1]

FIGURE 1
 Trend in stock prices.




4.2 Paired sample t-test

A paired t-test is a parametric test, and all parametric tests depend upon the assumption of normality. Violation of the normality assumption does not cause a major problem for large sample sizes (greater than 30 or 40) (21). For sample sizes larger than 20, skewed data will still yield reliable test results, so the normality assumption can be waived for the samples of sufficient size (22). As our sample size for each stock was greater than 30, the normality assumption was not taken into consideration before performing the paired t-test.

The paired t-test compares the mean difference of the values with zero. For our study, the mean difference between the actual market premium and the Black–Scholes model premium is compared with zero. The null hypothesis and the alternative hypothesis are stated below.


Null hypothesis (H0): There is no significant difference between the actual market premium value and the Black–Scholes premium value.

Alternative hypothesis (H1): There is a significant difference between the actual market premium value and the Black–Scholes premium value.
 

The null hypothesis fails to be rejected at the 95% confidence level if the p value is greater than 0.05.

The paired sample t-test results for call options (Table 1) show no significant difference between the actual market premium and the Black–Scholes model premium for BAC, JPM, MRK, PFE, UNH, MSFT, and NVDA. There is a significant difference between the actual market premium and the Black–Scholes model premium for WFC and AAPL.



TABLE 1 Paired sample t-test for actual market premium value and Black–Scholes model premium value: call options.
[image: Table1]

From Table 2, the paired sample t-test results for put options indicate that there is no significant difference between the actual market premium and the Black–Scholes model for BAC, JPM, PFE, and NVDA. However, there is a significant difference between the actual market premium and the Black–Scholes model premium for WFC, MRK, UNH, AAPL, and MSFT.



TABLE 2 Paired sample t-test for actual market premium value and Black–Scholes model premium value: put options.
[image: Table2]

For both call and put options (Tables 1, 2), WFC has the lowest standard deviation while UNH has the highest standard deviation. This implies that WFC has the least fluctuation and UNH has the highest fluctuation.




5 Discussion and conclusion

This research relaxed some of the Black–Scholes model assumptions to allow American-style options to be considered and examined the effectiveness of the BSOPM on selected stocks in the United States stock market. Empirical analysis was carried out using paired sample t-tests. The paired sample t-tests were applied to 582 call options and 579 put options. For the call options, the test results indicate no significant difference between the actual market premium value and the Black–Scholes model premium value for seven of the nine stocks considered. For put options, there is no significant difference between them for four out of the nine stocks. Hence, the BSOPM can be used to price call options in the United States stock market, but should not be used to price the put options.

The Black–Scholes model is relevant and can be used by investors to estimate the option price or premium. Like any commodities in financial markets, the option prices depend on supply and demand and are driven by many macro and micro indicators, such as GDP, inflation, interest rates, crude oil prices, exchange rates, per capita income, gold rates, and economic outlooks (5). Srivastava and Shastri (23) claimed that option prices depend on prevailing market conditions, such as predicted economic slumps, news related to a company, and a company’s performance and opportunities. Thus, a possible reason for the difference in the actual market and the Black–Scholes model premium for some of the stocks considered herein could be the high inflation rate in June 2022 in the United States. The Black–Scholes model could be modified to take market imperfections into consideration, or a new model for calculating option prices should be adopted. Further research should examine the effects of macro and micro economic indicators on the efficiency of the Black–Scholes model.
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