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Implied volatility, as derived by reversing the Black-Scholes fonnula, is in theory a forecast of the 
volatility of the stock underlying a given option. Most research has focused upon how it perfonns as a 
forecast of realized volatility. Instead, however, this study seeks to determine whether or not implied 
volatility holds any predictive power over the actual movements in the stock price. Options on 24 
securities-19 stocks, 2 market indices, and 3 commodity indices-were analyzed, over a total of9 
months. It was found that there was significant correlation between the implied volatility of puts and calls 
when ordered by expiration date, though those volatilities held little explanatory power. Dividing the 
options based upon the class of underlying asset, only commodities were found to have any significant 
correlation between future price and implied volatilities, with sizable levels of explanatory power. This 
suggests that there may be some predictive abilities of implied volatility upon the commodities market. 
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Background 

Financial markets have long been the subject of a great deal of research . Regulators find this 

information useful in order to stay ahead of the curve when writing rules under which the markets run , so 

that the realities and capabil ities of financial markets can be accurately taken into account. Academics 

find this information useful in order to develop and revise theories on how the market works, and how to 

perform proper analysis on securities . Investors use the researchers' findings in order to better analyze 

securities and to better operate within the real ities of the marketplace to increase their profits . Thus, a 

great number of people have a stake in the academic exploration of financial markets. 

One class of financial instrument that has been the subject of intense study is the derivative, an 

instrument whose value is defined by the price of some other financial instrument known as the 

underlying asset (McDonald I). Derivatives have many uses, such as risk management, speculation and 

even regulatory arbitrage l (2). One type of derivative that is particularly flexible is the option, which 

gives its buyer the right-but not the obligation-to buy (in the case of call options) or sell (in the case of 

put options) its underlying asset. Different types of options give the buyer varying levels of flexibility, 

from the European option that can only be exercised on its expiration date to the American option that can 

be exercised at any point up to and including at expiration. Options provide a way for investors to 

mitigate their downside risk when purchasing assets or to specu late on the prices of the options' 

underlying assets, potentially earning a greater return (or posting a greater loss) on his or her investment 

than would be realized if one had purchased or sold the underlying asset. 

The pricing of options has been subject to a great deal of study. Several models have been 

devised to value options, all based upon six factors that affect an option's value: underlying stock price, 

the exercise (strike) price of the option2
, the volati Iity of the underlying stock's price, the interest rate, and 

the dividend rate of the stock (Bodie, Kane, and Marcus 657). One such model, which is fairly easy to 

understand, is the binomial pricing model. Binomial option pricing models assume that there are two 

I "A practice whereby firms capitalize on loopholes in regulatory systems in order to circumvent unfavorable 
regulation," such as to minimize tax bills or getting around trading restrictions ("Regulatory Arbitrage") 
2 The price for which one can buy (call) or sell (put) the underlying stock, or "exercise" the option 
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possible prices of the underlying stock at each interval of time, then calculate the payoff of the option at 

that point in time, and then discount that payoff according to the probabi lity of the stock reaching that 

price and the interest rate. The ultimate discounted payoff is the price of the option. What complicates 

matters is the inclusion of dividends-dividends that would have been received had one purchased the 

actual stock have to be accounted-for-and early exercise of the option-sometimes, the immediate 

payoff is greater than the calculated price of the option based upon binomial pricing (662-668). Thus, 

more complex, though eas ier-to-handle, formulas have been devised to properly price options. One such 

formula is the Black-Scholes formula . 

In 1973, the Journal of Pol itical Economy published a paper by Fischer Black and Myron Scholes 

entitled "The Pricing of Options and Corporate Liabilities." The assumption underlying their work is the 

following: "If options are correctly priced in the market, it should not be possible to make sure profits by 

creating portfolios of long and short positions in options and their underlying stocks" (Black and Scholes 

637). In essence, correctly-priced options should not present arbitrage opportunities3
. Prior to the 1973 

paper by Black and Scholes, most work on option pricing had been focused upon warrants, which differ 

slightly from options and are not standardized , and included "arbitrary parameters" (Black and Scholes 

639). 

When deriving their pricing formula, Black and Scholes made several assumptions, in order to 

work in a market with " ideal conditions": 

1. 	 The short-term interest rate is known and constant through time 

2. 	 The stock price follows a random walk4 with a variance proportional to the square of the 

stock price 

3. 	 The stock pays no dividends5 

1 Arbitrage: "A zero-risk, zero-net investment strategy that still generates profits" (Bodie, Kane , and Marcus 930). 

Arbitrage nets a payout to an investor without the investor having to put up and risk any of his or her own money in 

the transaction . 

4 Random walk: The random walk theory holds that stock price changes are "random and unpredictable" (Bodie, 

Kane, and Marcus 938) . 

5 Dividends: "A distribution of a portion of a company's earnings .. . to ... shareholders" ("Dividend"). 
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4. The option is " European" (one may only exercise the option at the expiration date) 

5. There are no transactions costs6 

6. It is possible to borrow any fraction of the price of a security at the short-term interest rate 

7. There are no penalties to short selling7 

Under these assumptions, options' values depend solely upon the stock price, time, and upon known 

constants (640-641). 

Robert Merton, also in 1973, generalized the Black-Scholes model, providing the formula used in 

this paper (McDonald 376): 

In S + (r - 0 +.!CT 2)T
- K 2d1 

CTT 

Where: 

S is the current price of the underlying asset 

K is the strike price of the option (the price at which one may purchase or sell the underlying asset) 

CT is the volatility of the underlying asset 

r is the risk-free interest rate 

T is the number of years (or fraction of a year) to expiration of the option 

ois the continuously-compounded dividend rate of the underlying asset 

C represents the price of a call option 

P represents the price of a put option 

6 Examples of transactions costs include commissions, costs to gain access to the market, and other fees related to 
making transactions in the marketplace 
7 Short sale: "The sale of shares not owned by the investor but borrowed through a broker and later repurchased to 
replace the loan. Profit is earned if the initial sale is at a higher price than the repurchase price" (Brodie, Kane, and 
Marcus 939). 
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(McDonald 377-378) 

The values for the stock price, strike price, option price, risk-free interest rate, time to expiration, 

and dividend rate are all easily located. In finding these values, one can narrow down the formula to 

contain only one unknown: volatility. By solving for (1 , the underlying implied volatility of the 

underlying asset is found (McDonald 400). The implied volatility is, in theory and in the idealized market 

conditions under which Black and Scholes derived their equation, a market estimate for how much the 

underlying asset's price is expected to change-in either direction. 

Premise 

I set out with the intention of investigating whether or not implied volatility held any predictive 

power over changes in price of the underlying asset. As noted by George J. Jiang and Yisong S. Tian, 

"option prices reflect market participants' expectation of future movements in the underlying asset" 

(1305). The variable in which this information would be contained is implied volatility, as it is by 

definition the estimate of future movements in the underlying asset. If there were some predictive power 

in implied volatility, opportunities for profit would theoretically exist by extracting the proper predictive 

information from stock options, and the options market would in effect be a predictions market for the 

assets underlying options. In order to get both a general and specific view, I examined three classes of 

asset together and individually: stocks, commodities (represented by funds tracking the price of individual 

commodities), and index funds (that track indices that attempt to give an idea of the stock market as a 

whole). 

Prior Research 

Prior research has heretofore focused upon looking at both implied volatility and realized 

volatility and their power to estimate estimated returns on the underlying asset. I reviewed some of these 

prior works in order to design my own study, better perform my project, and seek to avoid any pitfalls 

into which prior researchers have fallen or about which they warned . 

Mark Britten-Jones and Anthony Neuberger wrote a paper in 2000, published in The Journal of 

Finance, titled "Option Prices, Implied Price Processes, and Stochastic Volatility." Their goal was to 
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develop a model of forecasting volatility-in essence, what implied volatility is said to do-that only 

requires existing option prices. Additionally, the researchers sought to determine what information their 

volatilities and the Black-Scholes implied volatility may contain. At the outset of their research, these 

men noted that the Black-Scholes formula assumes volatility is constant (a random walk with a constant 

variance proportional to the stock price) (839). In the actual market, however, volatility is a changing 

measurement. This does not invalidate the Black-Scholes-derived implied volatility however, as it 

nonetheless may have predictive power over the future movement of the underlying stock~ne may just 

need to account for the changes in the Black-Scholes implied volatility when examining its predictive 

capabilities. 

George 1. Jiang and Yisong S. Tian explored the information content of implied volatility under 

the stochastic model for implied volatility developed by Britten-Jones and Neuberger in the above paper. 

Their work, "The Model-Free Implied Volatility and Its Information Content," was published in The 

Review ofFinancial Studies in 2005. They noted that other research on implied volatility was conflicted 

as to its ability to forecast realized volatility, especially compared to historical volatility. However, they 

noted that most of this conflicting research had been done using at-the-money options--options which are 

extremely close to the current price of the underlying asset. tn looking only at these options, "these 

studies fail( ed) to incorporate the information contained in other options" (1306). What Jiang and Tian 

brought to the field was to bring in ollt-of-the-money~ptions whose strike price makes them 

unattractive to exercise-and in-the-money~ptions whose strike price makes them attractive to 

exercise-implied volatilities. In order to give weight to the proper weight to each option's implied 

volatility, the option's "moneyness" was taken into account; "option moneyness is defined as the ratio of 

strike price over asset pricc"~ut-of-the-money calls and in-the money puts would have a moneyness 

less than one, whereas in-the-money calls and out-of-the-money puts would have a moneyness greater 

than one, with at-the-money options having a moneyness of one. 

Turan G. Bali and Armen Hovakimian published a paper on "Volatility Spreads and Expected 

Stock Returns" in 2009 in Management Studies. They noted that there was no significant correlation 
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between expected returns and realized volatility and call and put implied volatility when examined 

independently, though there was a significant negative correlation between expected returns and realized 

and put implied volatility, and positive correlation between expected returns and call implied volatility 

when examined together. Encouraged by this study, my own study included both put and call implied 

volatility, from various expiration dates. (However, realized volatility was not included due to the fact 

that one could not know the realized volatility prior to the changes in the underlying asset's price 

described by the realized volatility.) 

Yuhang Xing, Xiaoyan Zhang, and Rui Zhao performed a study asking the question, " What Does 

Individual Option Volatility Smirk Tell Us about Future Equity Returns?" In this paper, the authors 

examined volatility smirk, defined as "the difference between the implied volatilities of out-of-the-money 

put options and at-the-money call options" (641). The authors found that option volatility smirks were 

significant predictors offuture returns in their cross-section analysis. Noting that "volatility smirks 

become especially prominent before big negative jumps in price levels," as found in this paper, I was 

further encouraged by this paper to incorporate out-of-the-money options into my analysis, in addition to 

at- and in-the-money options (642) . However, as I was looking primarily at the actual implied volatilities, 

or a surrogate thereof, I did not incorporate the volatility smirk into my analysis, instead preferring to 

allow the data contained therein to be used in other ways. 

Limitations 

There were several limitations around which the study had to be designed. Firstly, access to 

historical options data providers was not provided by the university, meaning that the data had to be 

retrieved manually and at the lowest price possible8
, limiting the amount of data that could reasonably be 

gathered. Hence, only a total of24 stocks and funds were selected, and only three months' data was 

gathered for each of the three randomly selected time frames (for a total of 9 months of data). 

Furthermore, the software available had some limitations as to how data could be handled, so some data 

had to be removed in order to properly run regressions. Finally, and most importantly, the Black-Scholes 

8 CrimsonMinds provided a 14-day free trial, which is what was used in this study. 
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fonnula was designed to operate in ideal conditions, rather than real-world conditions. Hence, there 

would be some irregularities and errors in the outputs of the formula that would have to be addressed-

namely by removing the irregularities from the data pool. 

To note the differences between the real world and the idealized market conditions studied by 

Black and Scholes, the following is a list of the ideal conditions annotated to note said deviations from the 

idealized conditions of the model: 

Idealized Conditions Real-World Conditions Accommodating the 
Difference 

The short-term interest rate is 
known and constant through time 

The short-interest rate is known, 
but changes from day-to-day 

When re-calculating implied 
volatility, use current JO-day 
Treasury rate 

The stock price follows a random 
walk with a variance proportional 
to the square of the stock price 

The stock market can be 
considered to follow a random 
walk 

None required 

The stock pays no dividends Some stocks pay dividends, some 
stocks do not. However, as noted 
above, a more general ized form of 
the equation has been developed to 
include dividends 

Use generalized formula 

The option is "European" (one 
may on Iy exercise the option at the 
expiration date) 

Not all options are European, and 
in fact most options sold on 
American financial markets are 
American options 

Continue to assume that 
options are European-style 

There are no transaction costs Transactions costs do exist, such as 
commissions paid to brokers, but 
for the people with the computing 
power to easily perform these 
analyses, such transactions costs 
are almost zero. 

Consider transactions costs 
zero due to their actual 
negligibility 

It is possible to borrow any 
fraction of the price of a security at 
the short-term interest rate 

Not all borrowers can borrow at 
the short-term risk-free interest 
rate, but those with the capability 
of easily performing these analyses 
do 

Assume that buyers involved 
are capable of borrowing at 
short-term risk-free interest 
rate 

There are no penalties to short-
selling 

Short-selling may require an 
individual to put up "margin" to 
cover potential losses from short-
selling the stock 

Continue with assumption 
that there are no penalties to 
short-sell ing 

Process 
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Utilizing the Random Stock Picker created by William P. Meyers, 19 stocks from the NASDAQ 

100 were selected for the sample . Stocks were selected at random in order to avoid any undue influence 

upon the results resulting from selecting only commonly-known stocks, or weighting one sector of the 

economy too much in the sample. In addition to these stocks, two index funds (following the NASDAQ 

100 and the S&P 500) and three commodity-linked funds (following gold, silver, and oil) were selected as 

well. (See Appendix A for a list of stocks and funds selected .) Then, three random months falling within 

the years 2007, 2009, and 20129 were selected to use as starting points for sampling, using the Random 

Calendar Date Generator at Random.org. September 2007, October 2009, and June 2012 were selected as 

the starting months . Beginning with the first Friday of each of the selected months, and ending with the 

final Friday two months later, data was collected from the website of CrimsonMind. Data collected 

included stock price, put and call prices for given strike prices, and expiration date. I then gathered 30

day treasury rate data from the United States Department of the Treasury, and dividend rate data from 

MarketWatch. 

The data was then cleaned and organized. Days to expiration were calculated, continuous interest 

and dividend rates were calculated, and the information was properly arranged. The Solver feature in 

Excel was then used to calculate the implied volatility from each call and put option for each strike price. 

In order to solve for implied volatility with Solver, the data was first organized and known 

quantities gathered. Underlying asset price as of the closing a given date, the strike price of each option, 

days to expiration, the given 30-day treasury rate as of that date, option price, and dividend rate of the 

underlying asset were all imported into the sheet. Using those known quantities, a cell calculated using 

the Black-Scholes formula was set up for each individual option, calculating that option's price. Then, 

Solver was run, setting the target cell of the aforementioned option-pricing cell to the actual option price 

by changing the volatility. The volatilities that Solver found were then used as the implied volatilities. 

9 Due to the volatile nature of the market, I strove to use relatively recent years to ensure that the findings of this 
study most accurately represent current reality. I also wanted to get one pre-financial crash year, one post-financial 
crash year, and the prior year. 

Hoffman 11 

http:Random.org


Stock Price Movements & Implied Volatility 

I then had to develop a method to properly amalgamate the numerous implied volatilities into a 

single number for each group of put and calls on a given stock expiring at the same time. Inspired by 

Jiang and Tian, I weighted the implied volatilities across strike prices according to the option's 

moneyness. I have dubbed this number the moneyness-weighted average volatility (MoWAV). The 

MoWAV is found as such: 

where Mi is the adjusted-moneyness of a given option [based upon the ratio of the strike price (Ki) over 

the stock price (Si)] and (Ji is the implied volatility of a given option. The summation was performed 

across strike prices for each set of puts and calls on a given stock expiring at the same time. 

Given the reasons that options are purchased-i.e., to hedge against changes in the asset price, 

speculating that the underlying asset's price will change in a certain direction-at-the-money calls and 

puts would be the best predictor of the future performance of the underlying stock (the more out-of-the

money or in-the-money an option is, the more the option would be a "safe bet" or unattractive). Hence, I 

inverted the moneyness when the strike price is greater than the stock price. In doing so, the greatest 

weights were given to at-the-money or near-the-money options, while still accounting for the implied 

volatilities of the deeper out-of-the-money or in-the-money options . 

After calculating MoW A V's, I arranged them according to expiration date for each stock. The 

changes in MoWAV's from the prior week (to which I will refer as ~MoWAV) were then calculated, 

along with both the dollar value change and the logarithmic change in stock price 7, 14, 21, 28, 35, 42, 

49, and 56 days into the future from each date. Minitab was then used to run regressions upon the data, 

examining the relationship between each of the weekly changes (dollar difference and logarithmic 

change) in stock prices and call and put ~MoWAV's (multiplied by days to expiration and not), as a 

group and individually by underlying asset type (stock, commodity fund, and index fund) . 
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Results 

Details of the results of the initial regressions can be found in appendix B. 

Looking at each week's dollar difference as the dependent variable and put and call ~MoWAV's 

as the independent variables, six regressions contained significant variables, though only two of those 

regressions were found to be themselves significant--one with an adjusted R2 value of 16.3% and the 

other with an adjusted R2 value of 19.0% (21 days forward and 56 days forward, respectively). 

Looking at each week's logarithmic change as the dependent variable and put and call 

~MoWAV's as the independent variables, four regressions contained significant variables, though none 

of the regressions were found to be significant. 

Looking at each week's dollar difference as the dependent variable and put and call ~MoWAV's 

multiplied by days to expiration as the independent variables, seven regressions contained significant 

variables, though only three regressions were themselves to be significant--one with an adjusted R2 value 

of 16.3%, another with an adjusted R2 value of7.5%, and the final with an adjusted R2 value of 19.6% (21 

days forward, 42 days forward, and 56 days forward , respectively). 

Looking at each week's logarithmic change as the dependent variable and put and call 

~MoWAV's multiplied by days to expiration as the independent variables, four regressions contained 

significant variables, though none of the regressions were found to be significant. 

When examining the printouts of the regressions, there was a noticeable pattern: the two most 

common significant variables were the sixth-nearest-to-expiration call ~MoWAV and the nearest-to

expiration put ~MoWAV, both when multiplying by time and not. Thus, another set of regressions were 

run testing only the sixth-nearest-expiring call ~MoWAV and the nearest-expiring put ~MoW AV as the 

independent variables. 

Either or both of these variables were found to be significant in five of the dollar difference 

regressions and four of the logarithmic change regressions; either or both multiplied by time were found 

to be significant in only one each of the dollar change and logarithmic change regressions. All but one of 
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these regressions, however, were found to be significant, with adjusted R2 values varying between 0.6% 

and 3.2%. 

When splitting out only the options on stocks, divided as outlined above, only seven regressions 

contained significant variables, and none of the regressions were significant. 

When splitting out only options on the indices, again divided as outlined above, eleven 

regressions contained significant variables, with no significant regressions. 

Splitting out only options on commodities, however, gives more interesting results : 17 of the 

regressions contained significant variables, and four of the regressions were significant. Moreover, all of 

those significant regressions contained adjusted R2 values greater than 30%; the highest was the 

logarithmic change one week out against the put and call L\MoWAV's multiplied by days to expiration, 

yielding an adjusted R2 value of 63 .0%. Thus, while no regressions were found to be significant for just 

stocks or just indices, four regressions were found to be significant, with a relatively high level of 

explanatory power, for commodity funds-which themselves track the prices of commodities. 

For illustrative purposes, below is an example of the regression printouts, using the most 

interesting result. 

Most interesting regression (Commodities, 7 days into future, Time-adjusted Volatility Difference): 

Predictor Coef SE Coef T P 
Constant -0 .02215 0.03451 -0.64 0.529 
VolTimeDiffCali1 -3611 4.431 -0.82 0.425 
VoiTimeDiffCal12 37 .84 11 .69 3.24 0.004 
VoiTimeDiffCall3 41.15 19. 16 2.15 0.045 
VoiTimeDiffCall4 7.88 24 .04 0.33 0.747 
VoiTimeDiffCall5 -164.73 37.42 -4.40 0.000 
VoiTimeDiffCall6 -61.11 75 .17 -0 .81 0.426 
VoiTimeDiftCall7 -6.5 110.0 -0.06 0.953 
VolTimeDiffPut I -1.810 2.934 -0.62 0.545 
VolTimeDiffPut2 20.30 11.55 1.76 0095 
VoiTimeDiffPut3 88.06 2452 3.59 0.002 
VoiTimeDiftl'ut4 -11.64 20.70 -0.56 0.580 
VoiTimeDiftl'ut5 -109.31 26.79 -4 .08 0.001 
VolTimeDift1'ut6 -39.11 88 .79 -0.44 0.665 
VoiTimeDiffPut7 -430.47 93.59 -4 .60 0.000 

S=0.0619264 R-Sq=78 .7% R-Sq(adj)=63 .0% 

Analysis of Variance 

Source DF SS MS F P 
Regression 14 0.268894 0.019207 5.01 0 .001 
Residual Error 19 0.072863 0.003835 
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Total 33 0.341757 

Discussion 

While the regression on the entire dataset revealed some statistically significant predictive 

capability to the moneyness-weighted average volatility of certain puts and calls, treating each type of 

underlying asset individually reveals that the only significant predictive ability lies in options on 

commodity funds. However, those significant regressions do have a high degree of explanatory power. 

This implies that the predictive power behind commodities was highly influencing the entire dataset, 

suggesting predictive powers where there may not have been . 

It is interesting that only one class of asset illustrated a significant correlation between asset price 

and the ~MoWAV value. This suggests that the market for commodities is at least to some extent 

predictable, with information on future price movements contained in the options markets. One reason 

for this may be that factors affecting commodity prices are more predictable (e.g .. , adverse weather 

conditions, resource explorations being announced), making commodity prices themselves more 

predictable. Alternatively, the small sample size (using only three commodities) may have skewed the 

results. 

Just as interesting as the correlation with commodities is the lack of any significant correlation 

with strong explanatory power with stocks and indices. This, in some ways, reveals some level of 

efficiency in the market-whereby prices reflect all available information already, making it difficult if 

not impossible to make money by extracting new information, as there is no "new" information. 

Furthermore, it reveals that the market does not "tip its hand" as to what is about to happen . The 

regressions also reveal that changesin implied volatility explain very little in the actual change of the 

price of the underlying asset, when there is a significant correlation between the two, which is intriguing 

due to the fact that implied volatility is the "implication" from the market of how much the price is going 

to change. This also supports the random walk theory-the movements in the price of stocks are random 

and unpredictable. 

Hoffman 15 



Stock Price Movements & Implied Volatility 

The little significant correlations that were found in the market as a whole were namely those 

from L'.MoWA V changes in the sixth-nearest-to-expiration call and the nearest-to-expiration put. 

Essentially, the information is derived from options that payoff if the stock price increases in the more 

distant future, and if the stock price decreases in the very near future. Changes in the price of those 

options, and hence in the implied volatilities of those options, would come from individuals hedging or 

betting that the stock will decrease in price in the short run and/or increase in price in the long run. The 

reason for this is unknown and beyond the reach of this study. Perhaps those two hedgeslbets are more 

comfortably made by participants in the market. Alternatively, those types of options may simply be the 

most commonly purchased (perhaps due to the preceding conjecture), and hence contain the most 

accurate information about future prices. 

Further Research 

Further research should focus on a broader base of stocks, indices, and commodities, and with 

more dates for additional data points. My project was limited due to the limitations of the technology and 

information sources to which I had access; other research would not be so hampered. A broader sample 

would permit a better analysis searching for a link between the changes in implied volatility and future 

changes in the stock price. Volume of both options and underlying assets, as well as information about 

the volatility smiles exhibited by the options, may also be taken into account in further models. 

Additionally, using more dates and earlier years may also give a better, or at least different, picture of the 

state of implied volatility's predictive capabilities. 

Additionally, further research may want to focus on newer stochastic volatility models, rather 

than Black-Scholes. The Black-Scholes formula is great in theory, but runs into issues in real life, and 

other stochastic volatility option pricing models better reflect the realities of the real-world, but require 

additional computing power and programming than was available in this study. Such models can also 

yield a single implied volatility from the market data, nullifying the need to develop a single figure to 

measure the impl ied volatility given by all of the options in the market. 
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Further research should also be undertaken to validate the MoW A V measure as a true measure of 

implied volatility amalgamated from available information. It is very possible that there were errors made 

in the development of the Mo W A V measure, which would thus cast doubt upon the results of this study. 

Conclusion 

This study has found that, as a whole, there is very weak correlation between the changes in 

implied volatility and changes in the underlying asset price. What correlation that does exist is likely a 

reflection of a strong correlation in the market for options on commodities. There are changes in implied 

volatility from certain classes of options that may be able to be used to estimate future changes in the 

price of the commodity underlying the option. 

The results also suggest further evidence for the efficiency of the stock market. Information that 

can be derived from the options market, i.e., the implied volatility of the underlying stock, is already built 

into the current price of the stock. This also serves as evidence for the unpred ictabi Iity of stock prices, as 

held by the random walk theory. 
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APPENDIX A 

Symbol Description 
REGN Regeneron Pharmaceuticals, Inc. 
NTAP NetApp, Inc. 
CTSH Cognizant Technology Solutions Corp. 
NWSA News Corp. 
ORLY O'Reilly Automotive, Inc. 
ADSK Autodesk, Inc. 
CSCO Cisco Systems, Inc. 
MXfM Maxim Integrated Products, Inc. 
MYL Mylan, Inc. 
DELL Dell, Inc. 
BIDU Baidu, Inc. 
BIIB Biogen Idec, Inc. 
WDC Western Digital Corporation 
FFIV F5 Networks, Inc. 
SBUX Starbucks Corporation 
AMZN Amazon.com, Inc. 
CTXS Citrix Systems, Inc. 
CHRW CH Robinson Worldwide, Inc. 
SPLS Staples, Inc. 
NDX NASDAQ-IOO 
SPY SPDR S&P 500 
GLD SPDR Gold Shares 
SLY iShares Silver Trust 
USO United States Oil 
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Appendix B 
Significant Regression Results 

Volatility Stock Price 
Type of 	 Days

Difference Difference
Security 	 forward

Type Type 

All Unadjusted Dollar 	 21 

28 

35 

42 

49 

56 

Log 7 

14 

21 

28 
Time 
Adjusted Dollar 	 14 

21 

28 

35 

42 

49 

56 

Log 	 7 

14 

21 

28 

All - Call 6 Unadjusted Dollar 21 
and Put 1 35 

Only 42 

49 

56 

Log 7 

14 

Regression 

P-value 


<0.001 

0.679 

0.081 

0.087 

0.318 

<0.001 

0.170 

0.212 

0.261 

0.620 

0.195 

<0.001 

0.484 

0.110 

0.036 

0.196 

<0.001 

0.120 

0.188 

0.435 

0.803 

0.007 

0.001 

0.036 

<0.001 

<0.001 

<0.00 I 

0.003 

Adjusted 

R2 


16.3% 

0.0% 

5.5% 

5.3% 

1.4% 

19.0% 

3.4% 

2.8% 

2.1% 

0.0%· 

3.0% 

16.3% 

0.0% 

4.7% 

7.5% 

3.0% 

19.6% 

4.4% 

3. 1% 

0.2% 

0.0% 

1.2% 

2 .0% 

0.7% 

2 .5% 

3.2% 

2.0% 

1.5% 

Sign ificant Predictor 
Predictors P-value 

Call 6 <0.001 

Put3 0.032 

Put 6 0.001 

Cal16 <0.001 

Put I 0.045 

Put 1 0.028 

Call 2 0.015 

Call 6 <0.001 

Put I <0.001 

Put 1 0.001 

Put 1 0.001 

Put I 0.007 

Put I 0.008 

Call 6 <0.001 

Put6 0.032 

Put I 0.024 

Put3 0.017 

Put 6 0.002 

Cal16 <0.001 

Put I 0.017 

Cal12 0.044 

Call 6 <0.001 

Put6 0.033 

Calli 0.020 

Put I <0.001 

Call I 0.014 

Put I 0.001 

Call 1 0.047 

Put I 0.006 

Putl 0.033 

Cal16 0.007 

Call 6 <0.001 

Call 6 0.048 

Call 6 <0.001 

Call 6 <0.001 

Put I 0.001 

Put I 0.003 
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21 0.036 0.7% Put I 0.024 

42 0.133 0.3% Put I 0.049 
Time 
Adjusted Dollar 14 0.046 0.6% Put I 0.018 

Log 7 0.005 1.3% Put I 0.002 

Stocks Unadjusted Dollar 21 0.303 4.1% Call 7 0.026 

28 0.060 14.9% Put3 0.005 

Log 56 0.607 0.0% Put 6 0.032 
Time 
Adjusted Dollar 21 0.288 4.5% Call 7 0.027 

28 0.075 13.6% Put3 0.004 

35 0.170 8.5% Put3 0.017 

42 0.093 12.3% Call 1 0.030 

Log 56 0.724 0.0% Put 6 0.046 

Indices Unadjusted Dollar 42 0.249 8.4% Put 5 0.032 

56 0.679 0.0% Call 2 0.047 

Log 7 0.130 14.8% Put2 0.001 

14 0.192 11.2% Put I 0.002 

21 0.195 11.0% Put I 0.001 

28 0.847 0.0% Put I 0.028 
Time 
Adjusted Dollar 28 0.835 0.0% Put I 0.033 

42 0.269 7.6% Put I 0.043 

Put 5 0.010 

Log 7 0.248 8.5% Put I 0.001 

14 0.335 4 .9% Put I 0.002 

Put 5 0.042 

21 0.363 3.9% Put I 0.002 

Commodities Unadjusted Dollar 7 0.085 29.1% Call 7 0.017 

21 0.095 27.8% Call 7 0.016 

Put 7 <0.001 

42 0.050 34.7% Call 2 0.027 

Call 7 0.042 

Put2 0.001 

Log 7 0.003 55 .2% Call 2 0.008 

Call 5 0.004 

Put3 0.008 

PutS 0.046 

Put 7 0.008 

14 0.097 27 .5% CaliS 0.032 

Call 7 0.021 

Put2 0.016 

21 0.166 20 .5% Call 7 0.018 

Put 7 0.003 
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28 0.604 0.0% Call 7 0.048 

Put 7 0.021 

35 0.756 0.0% Put 7 0.038 

42 0.779 0.0% Put 7 0.042 

49 0.825 0.0% Put 7 0.034 

56 0.770 0.0% Put 2 0.047 
Time 
Adjusted Dollar 21 0.092 28.1% Call 7 0.036 

Put 7 0.001 

42 0.076 30.3% Call I 0.014 

CaU2 0.026 

Call 6 0.042 

Put2 0.006 

Log 7 0.001 63.0% Call 2 0.004 

Cal13 0.045 

CallS <0.001 

Put 3 0.002 

Put 5 0.001 

Put 7 <0.001 

14 0.043 36.3% Call 5 0.023 

Cal17 0.005 

Put 2 0.027 

21 0.189 18.6% Call 7 0.014 

Put 7 0.011 

28 0.766 0.0% Cal17 0.047 
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