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Abstract 

In this study, I suggest a new channel to explain the negative association between the readability of 10-

K reports and firm’s stock price volatility. I find that a high level of firm-complexity influences a 

decrease in readability of 10-K reports as a firm’s future uncertainty increases. Firms with higher 

complexity, such as growth firms, release more hard-to-read 10-K reports. The new suggested channel, 

firm-complexity channel, better explains poor readability of 10-K reports.  
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1. Introduction 

The rapid advance of textual analysis technology such as natural language processing1 has attracted 

considerable attention within the accounting and finance literature. This is because textual analysis has 

allowed researchers to analyze vast amount of unstructured data from various corporate communication 

sources (e.g., corporate news, earning conference calls, and Securities and Exchange Commission 

corporate filings). Also, text analysis makes it possible for researchers to consider both quantitative and 

qualitative characteristic of corporate communications. 10-K filings are the most widely studied topic 

in accounting and finance due to their availability of filing data and comprehensive information about 

firms.  

A growing body of literature concerns how qualitative characteristics of corporate communication 

affect the firms’ economic consequences (Tetlock, 2007; and Tetlock et al., 2008; Hanley and Hoberg, 

2010; Li, 2012; Hoberg et al., 2014; Hoberg et al., 2016). One of the topics receiving attention in recent 

textual analysis studies is readability, which refers to the ease with which a reader can process and 

comprehend written document (Bonsall et al., 2017). Many practitioners and researchers suggest that 

the 10-K filings have become more hard-to-read. Loughran and McDonald (2014) show that readability 

of 10-K reports has been steadily decreased over years. Warren Buffet, the prominent investor, also 

argues that “for more than forty years, I’ve studied the documents that public companies file. Too often, 

I’ve been unable to decipher just what is being said or, worse yet, had to conclude that nothing was 

being said”. Reason for complexity in financial disclosure is still unclear but several reasons are 

suggested such as increased firm-complexity over time or corporate managers’ intention to confuse 

outside investors (Li, 2008; Lehavy et al., 2011; Ertugrul et al., 2017; Lo et al., 2017; Bushee et al., 

2018). 

In this article, I suggest that that firm’s level of complexity imposes uncertainty in the firm’s future 

performance and thus affects 10-K reports to be harder-to-read. Loughran and McDonald (2014) find 

negative relation between readability of 10-K reports and subsequent stock price volatility on a firm’s 

uncertain future environment. However, as overall firm-complexity rises, corporate managers would be 

more uncertain about their future performances. Bloomfield (2008) suggests that firms with bad news 

or more uncertain future tend to provide additional explanation with lengthy sentences and foggier 

words. Based on the idea, if firm managers expect more uncertain firm’s outlook around the filing date, 

they would provide longer and future-oriented annual report, which would then decrease readability of 

the report. I suggest this explanation as a firm-complexity channel.  

 
1 Natural language processing is programming technology for computers to understand human language. 



2 

 

On the other hand, Loughran and McDonald (2014) argue that releasing more readable 10-K report 

reduces uncertainty of firm’s information environment and stock return variation in post-filing period 

since it delivers valuation-relevant information to outside investors in easy-to-comprehend way. They 

suggest negative association between readability of 10-K filing and volatility of stock return is mainly 

derived by investors who process information contained in 10-K filings. This explanation can be 

referred to as an investor channel.  

To test the two channels, I conduct subsample analysis using firm-level institutional ownership level 

data and book-to-market ratio. If investor channel is valid, then the negative association between 

readability and subsequent stock return should be more pronounced among firms with low- institutional 

ownership since retail investors are less professional than institutional investors and more sensitive to 

hard-to-read 10-K filings. On the other hand, if firm-complexity channel is valid, then the negative 

relation should be weaker for value firms. If firm’s business operations are highly complex, the effect 

of hard-to-read should be more significant among firms in growth firms such as firms in health industry. 

For instance, 10-K reports of growth firms (e.g., Pfizer and Pacira) may be hard-to-read relative to value 

firms (e.g., Coca-cola and General Mills), and lower readability in growth firms would increase firm’s 

uncertainty. I find that negative relation becomes stronger for high-institutional ownership, which is not 

consistent with finding of Loughran and McDonald (2014). I also find that negative association is more 

pronounced for growth stocks, which supports my firm-complexity channel.  

This article contributes to the literature by suggesting an alternative explanation, the firm-level 

complexity, to the negative association between readability of 10-K filing and firm-specific future 

uncertainty after filing the 10-K. 

 This study is organized as follows. Section 2 discusses the related literature about readability. Section 

3 describes the sample selection and how each variable are constructed. Section 4 presents my main 

results and additional tests results. Section 5 concludes the paper.  
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2. Literature Review 

2.1 Definition of the readability in financial context and its measurement 

Asymmetry information is obviously common in financial market. The extents of information which 

can be acquired by corporate managers, shareholders, and outside investors are different. For this reason, 

SEC requires publicly traded firms to disclose corporate disclosure2 to mitigate ubiquitous information 

asymmetry in financial market, and to protect retail investors. Furthermore, researchers try to measure 

how corporate filing effectively convey valuation-relevant information to investors, which is defined as 

readability. A huge body of literature in accounting and finance utilize readability measures such as 

gunning fog index (or fog index) or other linguistic readability formulas3 (Li, 2008; Lehavy et al., 2011; 

Lawrence, 2013; Ertugrul et al., 2017; Hwang and Kim, 2017; Lo et al., 2017; Loughran and McDonald, 

2020).  

However, Loughran and McDonald (2014) criticize the gunning fog index as “poorly specified in the 

realm of business writing.” They point out an issue in the definition of a complex word in fog index, in 

the case when a word contains more than two syllables. When they analyzed the first quartile of most 

frequently occurring complex words in 10-K reports, words such as “FINANCIAL”, “COMPANY”, 

“INTEREST”, “AGREEMENT”, and “INCLUDING” take account of 5% of complex words in financial 

reports. Considering target readers of corporate disclosure, it is hardly to say that those words are 

complex or difficult for potential readers. Furthermore, they extend the definition of readability in 

accounting and finance context as “the ability of individual investors and analyst to assimilate valuation-

relevant information from a financial disclosure.” Loughran and McDonald (2014) newly suggests the 

log of complete text file size of 10-K report as readability index for business writing.4  

Bonsall et al., (2017) suggests novel measure of readability, the Bog Index. The bog index is developed 

using the commercial linguistic software, stylewriter, and writing guideline of the Plain English 

Handbook (1998). Compared to other measures of readability, the bog index captures various attributes 

of plain writing style. Bonsall et al. (2017) and Li and Zhu and Zuo (2021)5 describe that file size of 

 
2 It refers to the timely publication of all information about a firm that may affect an investor’s investment decisions. Each 

disclosure type contains several requirements for firms to follow pre-designed structures, or include specific items information, 

or submit in timely manner. 

3 Other readability index such as Flesch-Kincaid index, LIX index, Rate index (RIX), Automated readability index (ARI), 

Simple measure of gobbledygook (SMOG index) 

4 Additionally, they suggest the number of unique words in an annual report based on Loughran and McDonald master 

dictionary (2014) 

5 They show that adoption of eXtensible Business Reporting Language (XBRL) mandate in U.S. worsens the readability of 

corporate disclosure. Furthermore, the mandate adversely affects textual readability persists at least in the subsequent year. 
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10-K filing suggested by Loughran and McDonald (2014) can be biased due to components which are 

irrelevant to readability (e.g., HTML, PDF, XML and picture-formatted files). Bonsall et al. (2017) 

validate the bog index by comparing conventional measures and Loughran and McDonald (2014) 

measures. 

Hwang and Kim (2017) also calculate own readability proxy6 using StyleWriter and the SEC’s Plain 

English Handbook (1998). They extract 6 common problems which make a document less readable: (1) 

passive verbs, (2) hidden verbs, (3) legal words, (4) overwriting, (5) wordy phrases, (6) abstract words.  

Kim et al., (2019) also suggests another measure of readability, the modified fog index. They reclassify 

the 2,028 multi-syllable words7 that frequently appear in COMPUSTAT dataset’s variables and Fama-

French industry classification scheme, while leaving the sentence length unchanged. After the procedure, 

they recalculate the fog index to address the Loughran and McDonald (2014)’s concerns about 

traditional fog index and validate their readability index.   

 

2.2 Empirical readability studies in accounting and finance literature 

The literature has shown that effectively communicating valuation-relevant information to investors 

through readable and concise 10-K report has positive effects on the investors, firms, and financial 

market (Leuz and Verrecchia, 2000; Hutton et al., 2009; Lawrence, 2013). A firm with more readable 

corporate reporting shows better current and future performances (Bloomberg, 2008; Li, 2008; 

Loughran and McDonald, 2014), more sell-side analyst coverage and less divergence among sell-side 

analysts (Lehavy et al., 2011; Loughran and McDonald, 2014), more efficient investment (Biddle et al., 

2009), less cost of capital (Ertugrul et al., 2017; Rjiba et al., 2021), less earning management (Lo et al., 

2017), less post-filing stock volatility (Loughran and McDonald, 2014), and less stock crash risk (Kim 

et al., 2019). 

 

 

 
6 It is calculated as following: 

 𝑅𝑒𝑎𝑑𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
(#𝑝𝑎𝑠𝑠𝑖𝑣𝑒 𝑣𝑒𝑟𝑏𝑠+#𝐻𝑖𝑑𝑑𝑒𝑛 𝑣𝑒𝑟𝑏𝑠+#𝐿𝑒𝑔𝑎𝑙 𝑤𝑜𝑟𝑑𝑠+#𝑂𝑣𝑒𝑟𝑤𝑟𝑖𝑡𝑖𝑛𝑔+#𝑊𝑜𝑟𝑑𝑦 𝑝ℎ𝑟𝑎𝑠𝑒𝑠)

#𝑆𝑒𝑛𝑡𝑒𝑛𝑐𝑒𝑠
× 10 × (−1) 

7 According to the definition of gunning fog index, words with more than 2 syllables are considered as complex words. In 

other words, they reclassify words with three or more than three-syllable words. 
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3. Data and Summary Statistics 

In this section, I describe variables used in my analyses and data sources. Variable definitions are 

available in the Appendix A. 

 

3.1 Sample data 

I begin by merging four databases: (i) the Center for Research in Stock Prices (CRSP), which provides 

stock return data; (ii) S&P COMPUSTAT, which provides financial and accounting data; (iii) WRDS 

SEC analytics suite, which provides corporate filing data; and (iv) Brian Miller’s 10-K readability 

measure defined as the Bog index8 . Firms with missing values in main regression variables and 

accounting and financial data are dropped from my sample. I also exclude firms in regulated utility (SIC 

4900-4999) and finance (SIC 6000-6999) industries. My final data set contains a complete data for 10-

K readability, firm-specific uncertainty, and firm-complexity measures. There are 37,036 firm-year 

observations over the period from 1994 to 2016. The detailed procedures for my sample creation are 

shown in Appendix B. 

 

3.2 Three firm-specific uncertainty variables 

I define three variables which reflect uncertainty in firm’s information environment after 10-K filing: 

Firm-specific return variation (FSV), idiosyncratic volatility (IVOL), and root mean squared error 

(RMSE).   

FSV is derived from the regression: 

𝑟𝑖,𝑡 = 𝛼𝑖,𝑡 + 𝛽1𝑟𝑚,𝑡 + 𝛽2𝑟𝑖𝑛𝑑2,𝑡 + 𝜀𝑖,𝑡       (1) 

 

where 𝑟𝑖,𝑡 is a daily return of firm i, 𝑟𝑚,𝑡   is a value-weighted market return, and 𝑟𝑖𝑛𝑑2,𝑡 is a value-

weighted return of industry based on two-digit SIC codes. To prevent spurious correlation between firm 

returns and industry returns, I estimate value-weighted industry return excluding industries that have a 

few firms. FSV is estimated over the year following the 10-K filing date to 7 days prior to next fiscal 

year’s filing date. Next, I scale the variance of the residual 𝜀𝑖,𝑡 from the regression equation (1) by the 

variance of the dependent variable in the equation (1), and obtain  

φ𝑖,𝑡 ≡
∑ 𝜀𝑖,𝑡

2
 

∑ (𝑟𝑖,𝑡 − �̅�𝑖,𝑡)
2

 

 

 

8 Available at: https://host.kelley.iu.edu/bpm/index.html 

https://host.kelley.iu.edu/bpm/index.html
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φ𝑖,𝑡 is identical as 1 − 𝑅2 of equation (1). I define the FSV by calculating a logit transformation of R2 

as following: 

Φ𝑖,𝑡 = 𝐹𝑆𝑉𝑖,𝑡 = log (
𝜑𝑖,𝑡

1 − 𝜑𝑖,𝑡

) = log (
1 − 𝑅2

𝑅2
) 

 IVOL is calculated over the year following the 10-K filing date to 7 days prior to next fiscal year’s 

10-K filing date. I use the common capital asset pricing model, the market model, by regressing firm’s 

excess return on excess market return. Based on the regression result, I derive each firm’s residual by 

year and define standard deviation of residuals as IVOL. 

 RMSE is derived from the errors from the market model estimated based on stock returns in [6, 28] 

event windows, where 0 indicates 10-K filing date. To calculate RMSE, at least 10 stock return 

observations are required.  

 

3.3 10-K readability measure 

Several finance and accounting studies apply the Fog index 9  to gauge readability of financial 

disclosure. However, Loughran and McDonald (2014) raise a concern that Fog index maybe 

inappropriate for assessing business writing. They suggest a file size of corporate filing for an 

alternative readability measure. More recently, Bonsall et al. (2017) argue that the file size suggested 

by Loughran and McDonald (2014) is quite noisy to use as a readability proxy since a large file size 

may be attributable to contents which are irrelevant to readability (e.g., HTML, XML tags, and images). 

Moreover, they propose a novel measure of readability of 10-K reports, the bog index. It is derived 

using Plain English Handbook’s guidelines suggested by Securities Exchange Commission (SEC) 10. 

So, I use Brian Miller’s Bog index as a 10-K readability measure.  

 

3.4 Firm-complexity measures 

 The concept of firm complexity is not clearly defined. However, firms’ business operations are said to 

be highly complex if they have highly mutually dependent and interconnected stakeholders, information 

technology systems and organizational structures. Loughran and McDonald (2022) argue that the firm-

 
9 Gunning fog index (or Fog index) is one of readability measures developed by Robert Gunning in 1952. It calculates an 

estimated year of education level required to understand the text on the reading. For instance, a fog index of 12 requires the 

12 years of education level to comprehend a document (or the reading level of a United states high school senior). 

10 SEC defines 9 factors of Plain English common problems in Plain English Handbook (1998): Long sentences, Passive 

voices, Weak verbs, Superfluous words, Legal and financial jargons, Numerous defined terms, Abstract words, Unnecessary 

details (overwriting), Unreadable designs and layouts. The bog index captures following 7 characteristics: (1) passive voices, 

(2) weak verbs, (3) overwritings, (4) legal terms, (5) clichés, (6) abstract words, and (7) wordy phrases. 
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complexity can be considered in different perspectives and thus it is difficult to measure. They also 

suggest “Complexity can be viewed in the context of organizational structure, product logistics, 

financial reporting, information dissemination, or financial engineering.” Previous literature uses 

several variables to measure firm-complexity based on the above idea. In this study, I use two variables, 

which are widely used in studies: (a) log of firm age and (b) percentage of intangible assets. Firm’s age 

is calculated based on the 1st listed year on CRSP dataset and it is log-transformed. And I calculate 

proportion of intangible asset using COMPUSTAT’s item total intangible asset, which is scaled by total 

asset. 

 

3.5 Summary statistics 

Descriptive statistics for all the variables used in my analysis are presented in panel A of Table 1. The 

full data contains 37,036 firm-year observations from 1994 to 2016. For readability measure, the size 

of a standard deviation and 25th to 75th percentiles are very low compared to that of the average.  Due 

to the formulas to calculate the Bog index11, the most readable document also has a large value of the 

index. The minimum value in my sample is 53, which is still large. After I calculate excess bog as 

difference between the bog index and the minimum value of bog index, the average excess bog becomes 

29.62. Considering the average of excess bog, the size of standard deviation of bog index is non-trivial.  

Panel B gives pairwise correlations between main variables in my analysis. The readability of the 10-

K is positively correlated with FSV, but negatively correlated with IVOL and RMSE. Although I find 

positive correlation between FSV and readability of the 10-K, the simple correlation results suggest that 

firms releasing easy-to-read 10-K reports is correlated with less volatile stock returns over post-filing 

period. In addition, the readability of the 10-K is positively correlated with the log of firm age and 

negatively correlated with a fraction of intangible assets.  Young firms may have to provide more 

detailed descriptions of their business in their 10-K than old firms, which decreases the readability. 

Likewise, firms having more proportions in intangible assets may have to provide more detailed 

explanations relative to tangible assets. All correlation coefficients are statistically significant at a 1% 

level. 

 

 

 

 
11  The bog index is calculated as following: 𝐵𝑜𝑔 𝐼𝑛𝑑𝑒𝑥 = 𝑆𝑒𝑛𝑡𝑒𝑛𝑐𝑒 𝐵𝑜𝑔 + 𝑊𝑜𝑟𝑑 𝐵𝑜𝑔 − 𝑃𝑒𝑝.  The first component, 

sentence bog, captures readability problems coming from sentence length. It increases when a document has higher average 

sentence length. The second factor, word bog, identifies the less readable factors coming from words. The final factor, pep, 

reflects writing attributes that help readers’ understandings of document.  
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4. Result 

4.1 Regression result  

This section examines the relation between the readability of the 10-K and firm-specific uncertainty 

(FSU) by estimating the following panel regression model: 

𝐹𝑆𝑈𝑖,𝑡+1 = 𝛽0 + 𝛽1𝐵𝑜𝑔𝑖,𝑡 + 𝜸𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖,𝑡 + 𝜀𝑖,𝑡       (2) 

where i is a firm, t is year, and Control contains potential determinants of firm-specific uncertainty. For 

FSU, I use three measures: FSV, IVOL, and RMSE. 𝐵𝑜𝑔 is the bog readability index, where I multiply 

by -1 to Brian Miller’s 10-K readability measure to show that a higher value of bog index indicates 

easier to read 10-K filing. All regressions contain firm-fixed effect and year-fixed effect. All standard-

errors are clustered in firm-level. Table 2 shows regression results, by each column, I regress FSV, IVOL, 

and RMSE on the bog index, respectively.  

I find statistically significant and negative association between readability of the 10-K and firm-

specific uncertainty, which is qualitatively similar to the finding of Loughran and McDonald (2014).  

Column 1 in Table 2 reports the marginal effect of the bog index on FSV as following: 
𝜕𝐹𝑆𝑉

𝜕𝐵𝑜𝑔
= −0.003. 

But what I’m interested in is the marginal effect of the bog index on 𝑅2, which can be expressed as 

 
𝜕𝑅2

𝜕𝐵𝑜𝑔
.12       

On average, a change in 𝐵𝑜𝑔 from 25th to 75th percentile, which is 11 increases in the Bog index, 

would increase 𝑅2 by 0. 33%.13  Likewise, in columns 2 and 3, an increase in the size of 25th to 75th 

percentiles in the bog index reduces IVOL by 0.2%, and RMSE by 0.1%. 

Loughran and McDonald (2014) suggest that more readable 10-K reports reduce the firm-specific 

uncertainty since more easy-to-read 10-K reports effectively convey firm-specific information to 

outside investors and resolve uncertainty in firms’ information environment. In other words, they argue 

that one of main drivers to firm-originated uncertainty after filing the 10-K is investors who read and 

 
12 To derive the marginal effect of bog index on 𝑅2, I calculate 𝑅2 based on the definition of FSV as following:  

𝑅2 =
1

1 + 𝑒𝐹𝑆𝑉
 

Thus, marginal effect of bog index on 𝑅2 is derived as following: 

𝜕𝑅2

𝜕𝐵𝑜𝑔
= −(1 + 𝑒𝐹𝑆𝑉)−2 × 𝑒𝐹𝑆𝑉 ×

𝜕𝐹𝑆𝑉

𝜕𝐵𝑜𝑔
 

13 Economic significance is derived as following: 
𝜕𝑅2

𝜕𝐵𝑜𝑔
= −(1 + 𝑒1.94)−2 × 𝑒1.94 × −0.003 = 0.0003 = 0.33% 
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interpret information contained in the 10-K. I define this explanation as an investor channel.  

However, an alternative channel can be introduced to explain the negative association observed in 

Table 2 and by Loughran and McDonald (2014). If firms’ business operations are complex (or hard-to-

comprehend), managers would have difficulty to project the future outlooks. Bloomfield (2008) 

suggests that if firms are expected to confront more uncertain situations, managers may tend to use 

longer sentences and unclear words to provide additional explanations to outside investors, which would 

reduce the readability of the 10-K. In other words, the negative association between readability of the 

10-K and firm-specific uncertainty could be derived from firm manager’s expected future uncertainty 

which is reflected in the readability of 10-K reports. I define this explanation as a firm complexity 

channel.  

 

4.2 Channel examination: Investor vs Firm-complexity  

This section tests the validity of suggested channels in section 4.1 using subsample analysis. Table 3 

shows the results for channel analyses. 

According to the investor channel, negative relation between readability of 10-K reports and firm-

specific uncertainty is derived from the investors who incorporate value-relevant information from 10-

K reports. If firms release hard-to-read 10-K reports, then outside investors would be uncertain about 

the firm’s outlook and it would derive higher firm-specific uncertainty after 10-K filing. Previous 

literature has shown that institutional investors are more professional than retail investors. Based on 

this idea, institutional investors should be more capable of understanding (and thus less sensitive to) 

hard-to-read 10-K reports than retail investors. So, if investor channel is correct, I expect the readability 

effect to be weaker in firms with high institutional ownership. The test of investor channel is reported 

in panel A of Table 3. Surprisingly, I find the negative relationship between Bog and FSV only among 

firms with high institutional ownership. An increase in the size of 25th to 75th percentiles in the Bog 

index increases 𝑅2 by 0.66%14. This implies that such readability effect is mainly driven within the 

firms with high institutional ownership. This evidence is not consistent to the investor channel suggested 

by Loughran and McDonald (2014).  

According to the firm complexity channel, negative association between readability of 10-K reports 

and firm-specific uncertainty is derived from firms’ business and operational complexity. To support 

the firm-complexity channel, I begin with calculating cross-sectional average of bog index by Fama-

 

14 Economic significance is derived as following: 
𝜕𝑅2

𝜕𝐵𝑜𝑔
= −(1 + 𝑒1.94)−2 × 𝑒1.94 × −0.006 = 0.00066 = 0.66% 
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French 10 industry classification. Figure 1 shows the average readability index of 10-K reports by 

Fama-French 10 industry specifications. Firms in health, telecom, and high-tech industries tend to 

release more hard-to-read 10-K reports, whereas firms in consumer durables, shops and consumer 

nondurables tend to publish more easy-to-read 10-K reports. From Figure 1, I can infer that the 

difference in 10-K reports’ readabilities may come from complexity aspect of each industry. For 

instance, health firms (e.g., Pfizer) are more complex than other industries since they have distinct 

characteristics such as non-straight distribution lines between producers and consumers, highly 

fragmented market structures, and high level of technical activities like R&D for new drug inventions. 

On the other hand, firms in shops industries (e.g., Walmart) show relatively lower complexity compared 

to companies in health industry. Moreover, Figure 2 plots the yearly average of bog index and shows 

that the readability of 10-K reports has been decreasing steadily. The decrease in readability of 10-K 

reports may be attributable to increasing level of firm-complexity due to several reasons, such as, 

advance in technology, globalization, enhanced communication system, wider networks among 

stakeholders, and regulatory requirements. So, if firm’s operations are hard-to-comprehend, the effect 

of hard-to-read is should be more significant. For example, value firms’ 10-K reports may not be hard-

to-read relative to growth firms, and lower readability in value firms may not necessarily increase firm-

specific uncertainty. Thus, I expect that the readability effect should be more pronounced in growth firm 

than value firms. The test of firm-complexity channel is reported in Table 3 panel B. I find that the 

negative relation between Bog and FSV is mainly driven within the growth firms, which supports my 

firm-complexity channel. For growth firm, an increase in the size of 25th to 75th percentiles in the bog 

index increases 𝑅2 by 0.88%.15  

 

4.3 Readability of 10-K reports and firm-complexity  

In this section, I directly test the firm-complexity channel since results in the table 2 and the table 3 

are indirect evidence of firm-complexity channel.   

As complexity of firms gets higher, it makes more challenging for business managers to foresee their 

future outlooks, resulting in higher future firm-specific uncertainty in the future. Furthermore, 

Bloomfield (2008) suggests that corporate managers apply complex words and longer sentences (a) to 

provide future-oriented plans when management members expect to confront highly uncertain situation 

in future or (b) to effectively deliver complex information such as technology disclosure, business 

transactions, and operating strategy. So, firms with higher future complexity would release less readable 

 

15 Economic significance is derived as following: 
𝜕𝑅2

𝜕𝐵𝑜𝑔
= −(1 + 𝑒1.94)−2 × 𝑒1.94 × −0.008 = 0.00088 = 0.88% 
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10-K reports using lengthy sentences and difficult words relative to firms with less future complexity.  

In my empirical analysis, I use two variables, observed at time t, which are potentially correlated with 

future complexity, in other words, at time t+1. I conduct the following panel regression model: 

𝐵𝑜𝑔𝑖,𝑡 = 𝛽0 + 𝛽1𝐶𝑂𝑀𝑃𝑖,𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖,𝑡 + 𝐹𝑖𝑟𝑚𝐹𝐸 + 𝑌𝑒𝑎𝑟𝐹𝐸 + 𝜀𝑖,𝑡        (3) 

where 𝐵𝑜𝑔 is the bog index, multiplied by -1 to Brian Miller’s readability measure to show that higher 

value of bog index indicates easier to read 10-K filings. 𝐶𝑂𝑀𝑃 is my measures of firm-complexity of 

firm i at time t. I use the log age of firms and intangible asset ratios for COMP. Similar to equation (2), 

Control in equation (3) contains firm characteristic variables, which are expected to affect readability 

of 10-K reports. All regressions contain firm-fixed effect and year-fixed effect. All standard-errors are 

clustered in firm-level.  

I expect a negative relation between the firm age and firm complexity since young firms may have 

to provide more detailed descriptions of their business in their 10-K reports than old firms. Also, I expect 

a positive association between intangible asset ratio and firm complexity, because firms with higher 

proportion in intangible asset may have to provide more detailed explanations since, in general, valuing 

and explaining intangible assets is much harder than tangible assets. 

 Table 4 shows regression results of readability of 10-K reports on firm-complexity. By each column, 

I regress the bog index on log age of firm and intangible asset ratio, respectively. I find statistically 

significant and positive relation between the firm age and readability of 10-K reports. A one percent 

increase in age of firm increases 0.03% of average bog index. This implies that more aged firms, that 

is, firms with less complexity, tend to release more easy-to-read 10-K reports. Furthermore, I observe a 

negative association between intangible asset ratio and readability of 10-K reports, where one standard 

deviation increase in ratio of intangible assets decreases bog index by 0.64, which is about 0.8% of 

average bog index. This implies that firms with lower intangible asset ratio, that is, firms with less 

complexity, tend to release more easy-to-read 10-K reports. The results report negative relation between 

firm-complexity and readability of 10-K reports and support the firm-complexity channel. 

 

4.4 Additional analysis   

In this section, I perform additional analysis using alternative readability measures. I utilize log of a 

file size suggested by Loughran and McDonald (2014) and a gunning fog index which is commonly 

used in finance and accounting literature. Results are available in Table 5. 

Consistent to what has been observed in Table 4, I find strong negative associations between firm 

complexity measure and the readability of 10-K reports except for the result in column (4). The 



12 

 

insignificant result in column (4) maybe supported by the argument from Loughran and McDonald 

(2014), which reports that the gunning fog index is inappropriate readability measure in business writing. 

 

5. Conclusion 

In this research, I study the relationship of firm’s stock price volatility, representing firm’s future 

uncertainty, and readability in 10-K report. I suggest that a high level of firm-complexity lowers 

readability of 10-K reports. I define two channels, investor channel and firm-complexity channel, and 

perform regression analysis to support my hypothesis.  

Using firm-level subsample analysis, I show that, after controlling for other variables, negative 

association is more pronounced in firms with high institutional ownership and growth firms. Stronger 

negative association in firms with lower institutional ownership is inconsistent with the investor channel 

suggested by Loughran and McDonald (2014). A stronger relation in firms with growth firms supports 

the firm-complexity channel. Additionally, I directly test the firm-complexity channel and find 

significant negative relations between alternative firm-complexity measures and readability of 10-K. 

My results suggest that firm-complexity channel better explains the negative association between the 

10-K readability and firm-specific uncertainty. 
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Figure 1 

Average bog index by Fama-French 10 industry classifications 
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Figure 2 

Yearly average of the bog index 

 

 

Note: This figure plots the yearly mean of the bog index. Higher bog index indicates more difficult to read corporate disclosure.  
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TABLE 1 

Description of sample data 

 

Panel A: Summary statistics 

Variables N Mean Std. Dev. P25 Median P75 

Firm-specific uncertainty       

𝐹𝑆𝑉𝑖,𝑡+1  37,036 1.94 1.74 0.69 1.64 2.98 

𝐼𝑉𝑂𝐿𝑖,𝑡+1  33,716 0.03 0.02 0.02 0.03 0.04 

𝑅𝑀𝑆𝐸𝑖,𝑡+1  36,573 0.03 0.02 0.01 0.02 0.03 

Firm-complexity       

Log(Firm_age)i,t 37,036 19.35 16.95 7 14 27 

Intangiblei,t 33,977 0.16 0.18 0.01 0.09 0.24 

Readability       

𝐵𝑜𝑔𝑖,𝑡  37,036 -82.62 7.91 -88 -83 -77 

Controls       

Sizei,t 37,036 6.12 1.84 4.82 5.99 7.33 

B/Mi,t 37,036 0.57 0.54 0.27 0.46 0.74 

Leveragei,t 37,036 0.46 0.24 0.28 0.46 0.61 

ROAi,t 37,036 0.11 0.17 0.08 0.13 0.18 

SalesGrowthi,t 37,036 1.44 19.95 1.00 1.10 1.24 

OCFRi,t 37,036 0.15 0.24 0.09 0.17 0.25 

Dividend_dummyi,t 37,036 0.37 0.48 0 0 1 

LM_tonei,t  37,036 -0.98 0.46 -1.27 -0.99 -0.69 

ln(𝛽𝑚𝑘𝑡
2 )𝑖,𝑡+1  37,036 -1.60 2.30 -2.68 -1.13 -0.03 

ln(𝛽𝑖𝑛𝑑2
2 )𝑖,𝑡+1  37,036 7.29 3.45 5.25 7.67 9.88 

Panel B: Correlation matrix  

Variables (1) (2) (3) (4) (5) (6) 

(1) 𝐹𝑆𝑉𝑖,𝑡+1  1.000      

(2) 𝐼𝑉𝑂𝐿𝑖,𝑡+1 0.35*** 1.000     

(3) 𝑅𝑀𝑆𝐸𝑖,𝑡+1  0.26*** 0.66*** 1.000    

(4) Log(Firm_age)i,t -0.20*** -0.35*** -0.27*** 1.000   

(5) Intangiblei,t -0.17*** -0.18*** -0.17*** 0.02*** 1.000  

(6) Bogi,t 0.20*** -0.05*** -0.02*** 0.10*** -0.19*** 1.000 

Note: *, **, and *** indicate a two-tailed test significance level of less than 10%, 5% and 1%, respectively. 
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TABLE 2 

Panel regression estimations of firm-specific uncertainty on readability of 10-K reports 

 

 
(1) 

FSVi,t+1 

(2) 

IVOLi,t+1 

(3) 

RMSEi,t+1 

Bogi,t  
-0.003* 

(-1.90) 

-0.0002*** 

(-7.82) 

-0.0001*** 

(-4.87) 

Sizei,t 
-0.262*** 

(-16.00) 

-0.003*** 

(-11.62) 

-0.003*** 

(-11.21) 

B/Mi,t 
0.359*** 

(8.80) 

0.002*** 

(4.99) 

0.002*** 

(3.85) 

Leveragei,t 
0.556*** 

(10.83) 

0.005*** 

(6.51) 

0.003*** 

(4.21) 

ROAi,t 
-0.258*** 

(-3.24) 

-0.011*** 

(-8.34) 

-0.011*** 

(-6.57) 

SalesGrowthi,t 
0.000 

(0.43) 

-0.000 

(-0.18) 

-0.000 

(-1.10) 

OCFRi,t 
-0.000 

(-0.01) 

0.001*** 

(2.58) 

0.004*** 

(5.70) 

Dividend_dummyi,t 
-0.078*** 

(-2.95) 

-0.001** 

(-2.32) 

-0.001** 

(-2.41) 

LM_tonei,t  
-0.045** 

(-2.34) 

-0.001** 

(-.2.35) 

-0.001** 

(-2.42) 

ln(𝛽𝑚𝑘𝑡
2 )𝑖,𝑡   

-0.088*** 

(-18.55) 

0.001*** 

(9.89) 

0.001*** 

(10.59) 

ln(𝛽𝑚𝑘𝑡
2 )𝑖,𝑡+1  

-0.187*** 

(-42.28) 

0.001*** 

(20.08) 

0.001*** 

(14.18) 

ln(𝛽𝑖𝑛𝑑2
2 )𝑖,𝑡+1  

-0.080*** 

(-38.89) 

0.001*** 

(22.91) 

0.001*** 

(15.39) 

Firm fixed effects Yes Yes Yes 

Year fixed effects Yes Yes Yes 

𝐴𝑑𝑗 𝑅2  0.506 0.418 0.259 

N 37,036 33,716 36,573 

Note: *, **, and *** indicate a two-tailed test significance level of less than 10%, 5% and 1%, respectively. 
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TABLE 3 

Examination for channels: Investor vs Firm-complexity 

 

 

Panel A: Examination of investor channel by institutional ownership level 

 

High institutional ownership Low institutional ownership 

(1) 

FSVi,t+1 

(2) 

FSVi,t+1 

Bogi,t  
-0.006** 

(-2.57) 

-0.004 

(-1.28) 

Sizei,t 
-0.119*** 

(-4.81) 

-0.308*** 

(-10.04) 

B/Mi,t 
0.224*** 

(2.96) 

0.344*** 

(8.18) 

Leveragei,t 
0.406*** 

(6.22) 

0.488*** 

(5.15) 

ROAi,t 
-0.325** 

(-2.51) 

-0.041 

(-0.36) 

SalesGrowthi,t 
0.000 

(0.64) 

0.000 

(0.10) 

OCFRi,t 
-0.111* 

(-1.91) 

-0.064 

(-1.14) 

Dividend_dummyi,t 
-0.037 

(-1.12) 

-0.092* 

(-1.66) 

LM_tonei,t  
-0.051* 

(-1.95) 

-0.016 

(-0.51) 

ln(𝛽𝑚𝑘𝑡
2 )𝑖,𝑡   

-0.114*** 

(-11.68) 

-0.059*** 

(-9.59) 

ln(𝛽𝑚𝑘𝑡
2 )𝑖,𝑡+1  

-0.097*** 

(-17.31) 

-0.238*** 

(-35.73) 

ln(𝛽𝑖𝑛𝑑2
2 )𝑖,𝑡+1  

-0.080*** 

(-16.72) 

-0.149*** 

(-27.87) 

Firm fixed effects Yes Yes 

Year fixed effects Yes Yes 

𝐴𝑑𝑗 𝑅2  0.478 0.462 

N 14,784 14,783 

Note: *, **, and *** indicate a two-tailed test significance level of less than 10%, 5% and 1%, respectively. 
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Panel B: Examination of firm-complexity channel by book-to-market ratio 

 

Growth firm Value firm 

(1) 

FSVi,t+1 

(2) 

FSVi,t+1 

Bogi,t  
-0.008*** 

(-3.58) 

0.001 

(0.54) 

Sizei,t 
-0.173*** 

(-8.15) 

-0.427*** 

(-16.36) 

B/Mi,t 
0.156 

(1.56) 

0.293*** 

(6.53) 

Leveragei,t 
0.373*** 

(6.55) 

1.115*** 

(10.88) 

ROAi,t 
0.013 

(0.15) 

-0.911*** 

(-5.05) 

SalesGrowthi,t 
0.000 

(1.55) 

-0.002*** 

(-3.80) 

OCFRi,t 
-0.034 

(-0.77) 

-0.089 

(-1.19) 

Dividend_dummyi,t 
-0.061 

(-1.56) 

-0.036 

(-0.94) 

LM_tonei,t  
-0.047* 

(-1.90) 

-0.020 

(-0.69) 

ln(𝛽𝑚𝑘𝑡
2 )𝑖,𝑡   

-0.090*** 

(-12.04) 

-0.068*** 

(-11.25) 

ln(𝛽𝑚𝑘𝑡
2 )𝑖,𝑡+1  

-0.151*** 

(-26.23) 

-0.214*** 

(-32.16) 

ln(𝛽𝑖𝑛𝑑2
2 )𝑖,𝑡+1  

-0.113*** 

(-22.35) 

-0.145*** 

(-29.92) 

Firm fixed effects Yes Yes 

Year fixed effects Yes Yes 

𝐴𝑑𝑗 𝑅2  0.459 0.530 

N 18,518 18,518 

Note: *, **, and *** indicate a two-tailed test significance level of less than 10%, 5% and 1%, respectively. 
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TABLE 4 

Panel regression estimations of readability of 10-K reports on firm-complexity 

 
(1) 

Bogi,t 

(2) 

Bogi,t 
   
Log(Firm_age)i,t 2.325*** 

(12.31) 
 

Intangiblei,t 
 

-3.567*** 

(-7.18) 

Sizei,t -0.575*** 

(-5.72) 

-0.094 

(-0.82) 

B/Mi,t -0.290*** 

(-2.66) 

-0.214* 

(-1.95) 

Leveragei,t -1.513*** 

(-4.68) 

-1.027*** 

(-3.13) 

ROAi,t 2.732*** 

(5.67) 

3.101*** 

(6.26) 

SalesGrowthi,t -0.001*** 

(-4.02) 

-0.001*** 

(-5.58) 

OCFRi,t -0.080 

(-0.47) 

-0.428** 

(-2.34) 

Dividend_dummyi,t 0.587*** 

(3.57) 

0.606*** 

(3.58) 

Firm fixed effects Yes Yes 

Year fixed effects Yes Yes 

𝐴𝑑𝑗 𝑅2  37,036 33,977 

N 0.212 0.324 

Note: *, **, and *** indicate a two-tailed test significance level of less than 10%, 5% and 1%, respectively. 
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TABLE 5 

 Panel regression with alternative 10-K readability measures 

 

 (1) (2) (3) (4) 

 Filesizei,t Filesizei,t Fogi,t Fogi,t 

Log(Firm_age)i,t 
0.232*** 

(12.40) 
 

0.162*** 

(4.18) 
 

Intangiblei,t  
-0.193*** 

(-3.80) 
 

-0.110 

(-1.16) 

Control Yes Yes Yes Yes 

Firm fixed effects Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

𝐴𝑑𝑗 𝑅2  0.824 0.821 0.056 0.053 

N 37,036 33,977 37,036 33,977 

Note: *, **, and *** indicate a two-tailed test significance level of less than 10%, 5% and 1%, respectively. 
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Appendix A. Variable Definitions 

 

Variables Definitions Database 

FSVi,t+1 

Firm-specific return variation over the year following the 10-K filing date, 

which is derived from the following market-industry model: 

𝑟𝑖,𝑡 = 𝛼𝑖,𝑡 + 𝛽1𝑟𝑚,𝑡 + 𝛽2𝑟𝑖𝑛𝑑2,𝑡 + 𝜀𝑖,𝑡 

where 𝑟𝑖,𝑡 is a firm i’s daily return on date t, 𝑟𝑚,𝑡 is a value-weighted daily 

market return on date 𝑡 , 𝑟𝑖𝑛𝑑2,𝑡  is a value-weighted daily SIC two-digit 

industry portfolio return on date 𝑡, and 𝜀𝑖,𝑡 is residual. 

After regression, the variable is calculated as: log (
1−𝑅2

𝑅2 ) 

CRSP 

IVOLi,t+1 
Idiosyncratic volatility over the year following the 10-K filing date, which is 

estimated from the market-model. 
CRSP 

RMSEi,t+1 

Root-mean squared errors from the market model after 10-K filing date. It is 

estimated based on [6, 28] event windows. Minimum 10 observations are 

required for estimation. I follow a methodology suggested by Loughran and 

McDonald (2014). 

CRSP 

log(𝛽𝑚𝑘𝑡
2 )

𝑖,𝑡
  

Natural log of the squared market beta from the market model using before 10-

K filing date. It is estimated based on pre-filing period [-252, -7] event 

windows. Minimum 60 observations are required for estimation. 

CRSP 

log(𝛽𝑚𝑘𝑡
2 )

𝑖,𝑡+1
  

Natural log of the squared market beta from the market-industry model using 

after 10-K filing date. It is estimated based on [0, 252] event windows. 

Minimum 60 observations are required for estimation. 

CRSP 

log(𝛽𝐼𝑛𝑑2
2 )

𝑖,𝑡+1
  

Natural log of the squared beta of SIC 2-digit industry where firm i is included, 

calculated from the market-industry model using after 10-K filing date. It is 

estimated based on [0, 252] event windows. Minimum 60 observations are 

required for estimation. 

CRSP 

Bogi,t 

-1 multiplied by the Bog index of the 10-K report filed for fiscal year t, which 

is calculated as (Sentence Bog + Word Bog – Prep). Higher bog index scores 

indicate easy-to-read 10-K reports. 

Brian P. Miller’s 

website 

Fogi,t 

Fog index of the 10-K report filed for fiscal year t, calculated as (words per 

sentence + percentage of complex words) × 0.4. A higher value of Fog index 

implies the filing is more difficult to read. 

WRDS SEC 

Analytics Suite 

Filesizei,t File size (in megabytes) of the 10‐K report filed for fiscal year t. 
WRDS SEC 

Analytics Suite 

Log(Firm_age)i,t 
Log of firm age, where firm age is calculated based on the 1st listed year on 

CRSP dataset. 
CRSP 

Intangiblei,t Total intangible asset (INTAN) scaled by total asset (AT). COMPUSTAT 

Sizei,t Natural log of book assets in $million. Compustat 

B/Mi,t 
Ratio of book value of asset to market value of asset, followed by the definition 

from Fama and French (2001). 
Compustat 

Leveragei,t Sum of long-term debt and current liabilities divided by the sum of market Compustat 
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equity and book debt. 

ROAi,t 
The profitability of a firm. Earnings before interest, taxes, depreciation, and 

amortization (EBITDA) divided by book assets. 
Compustat 

SalesGrowthi,t Change in sales from year t − 1 to year t. Compustat 

OCFRi,t 

Operating Cash Flow scaled by Total Asset, which is calculated as: 

𝑂𝐼𝐵𝐷𝑃 + 𝐷𝑃 − 𝑇𝑋𝑇 + ∆𝑁𝑒𝑡 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐶𝑎𝑝𝑖𝑡𝑎𝑙

𝐴𝑇
 

Compustat 

Dividend_dummyi,t 
It is equal to one if the firm i pays dividends on common stocks in the year 𝑡, 

and zero otherwise. 
Compustat/CRSP 

LM_tonei,t 
The difference between proportion of positive words and negative words in 10-

K reports for fiscal year t. 

Bill McDonald’s 

Website 
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Appendix B. Sample Selection Procedure 

 

 Dropped Sample Size 

SEC 10-K files 1994 to 2016  234,081 

Delete duplicates, missing readability rows, and observation with 

less than 2,000 words within CIK/Year.  
83,403 150,678 

Drop if consecutive 10-K filings are filed within next 180 days  1,243 149,435 

GVKEY PERMNO Matching                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                57,087 92,348 

Delete Utilities/Finance industry sector and Penny stock 18,557 73,791 

Drop rows if either main dependent variables or control variables are 

not available 
36,755 37,036 
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