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ABSTRACT

In response to the increasing use of computer programs to process firm dis-
closures, this registered report develops a new measure of “scriptability” that
reflects computerized, rather than human, information processing costs. We
validate our measure using SEC filing-derived data from prior research and
identify firm and disclosure characteristics related to it. In our planned hy-
pothesis tests, we find some evidence that the speed of the market response
to filings increases with scriptability, but find little evidence that scriptability
affects the incidence and speed of news dissemination by Dow Jones. In ad-
ditional analyses, we find that scriptability exhibits both positive and negative
associations with changes in information asymmetry between market partici-
pants, depending on the filing, trading window, and measure examined. We
also find little evidence that XBRL interacts with scriptability in a meaningful
way. Overall, our study broadens our understanding of information process-
ing costs and provides opportunities for new avenues of research.
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1. Introduction

Over the last several decades, the Internet has significantly increased both
the volume of information and the speed of information dissemination. In
response to these changes and increasing competition for returns, market
traders now utilize computing power to assist or replace human effort in
the acquisition and analysis of financial information and the execution of
trading strategies (Foxman [2016]). For instance, journalists estimate that
50% to 60% of all trades in the U.S. stock market are now made by al-
gorithms (Chilton [2014], Philips [2015]), often occurring within seconds
of information release (Lewis [2015]). As a result, the analysis of finan-
cial information in SEC filings has shifted away from manual processing
by investors and analysts toward programmers and computers in ways that
research has only begun to acknowledge.

In this paper, we examine corporate disclosure from a programmer’s,
or “scripter’s,” perspective.1 We start by identifying two basic tasks that a
scripter, whether an investor doing her own analysis or a computer scientist
working at an investment bank, is likely to perform when analyzing firm
disclosures. First, the scripter searches for data of interest, such as the Man-
agement’s Discussion and Analysis (MD&A) section of the 10-K or a table of
executive compensation figures. Second, the scripter processes identified
data into decision-relevant information. We then formulate two measures
based on these tasks and one composite measure of “scriptability,” or the
ease with which a scripter can perform these tasks on a given disclosure. In
creating and analyzing our measure, we provide comprehensive descriptive
statistics and empirical evidence regarding several previously unexamined
dimensions of disclosure quality, such as the amount of disclosure that is
machine-readable, the ease of separating text from tables, and the presence
of table metadata that facilitates the extraction of key financial metrics.? We

! This research was conducted as a two-stage editorial process based on what is known in
other fields as “Registered Reports.” In stage one, authors submit a proposal that describes the
hypotheses they will test, the data they will gather, and (in considerable detail) the research
design and analyses they will use to interpret their results. In stage two, authors submit the
“Registered Report,” which describes the original intent and actual execution of the study
approved in stage one, along with the results and interpretation of planned and unplanned
analyses. Consistent with the registered report process, the only changes to our study from the
accepted stage one proposal are reported in online appendix F.

2The proper use of tables facilitates the identification of numeric data and its separation
from textual data. We evaluate each table in a filing and apply a series of conditions to
determine whether the table contains properly formatted numerical data or textual data
that would be better presented in a bulleted list or paragraph. For those tables that contain
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also offer insight into dimensions of disclosure quality that affect both pro-
grammers and readers, such as the usefulness of section headings and the
extent to which the disclosure references external content.? As such, our
study highlights both the opportunities and challenges of using computer
programs to analyze financial information and expands prior research on
information processing costs and frictions in capital markets.

We conduct three validation tests on our scriptability measures and find
evidence suggesting that our measures capture the costs of computerized
information processing in firm disclosures (see online appendix E). We
then examine this previously unexplored dimension of disclosure quality
by identifying a set of firm and disclosure characteristics that we expect
to relate to scriptability. Prior research suggests that disclosure quality in-
creases with investment in the financial reporting function, so we expect
improvements in scriptability when managers make these investments. We
also expect that both technologically sophisticated managers and managers
relying on external providers (“filing agents”) for filing preparation are
more likely to have more scriptable disclosures. While we find some evi-
dence from these tests that investment in the financial reporting function
is related to higher scriptability, our results do not suggest that technologi-
cal sophistication in general translates into more scriptable filings. Overall,
our most notable finding in this test is that the use of a top filing agent, a
previously unexplored information intermediary, is associated with signifi-
cantly better scriptability. This finding provides additional validation of our
measure, as filing agents appear to improve filings along the dimensions we
measure.

Controlling for the above factors, we proceed to test two hypotheses
on the possible benefits of scriptability. First, market efficiency requires
complete and rapid price formation (O’Hara [2003]). Investors utiliz-
ing programmatic processing techniques should be able to identify, pro-
cess, and act upon disclosed information more quickly when disclosures
are more scriptable. Using an intraperiod timeliness (IPT) measure from
prior research (e.g., Butler, Kraft, and Weiss [2007], Bushman, Smith, and
Wittenberg-Moerman [2010], McMullin, Miller, and Twedt [2015]) as well
as a newly designed IPT measure based on volume, we hypothesize that dis-
closure scriptability positively relates to the speed of the market’s response
to the disclosure. Our strongest evidence is consistent with scriptability in-
creasing the timeliness of trading (volume IPT), particularly in the 8-K fil-
ing group. These results suggest that at least some traders are impeded by
poor scriptability. With regard to the timeliness of price formation, most
of our evidence fails to detect a significant association between scriptability

numeric data, we further evaluate numeric tables for the presence of HTML markup, row and
column consistency, and descriptive row names, all of which aid the processing of numeric
data into information.

3 Figure 1 in section 2 illustrates how our components relate to our two task-based measures
and a composite measure.
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and price IPT. To better understand this finding, we conduct an additional
unplanned analysis that suggests that individual components of our task-
based scriptability measures could be relevant for different form-types and
trading windows.* Specifically, characteristics like external references and
exhibits that are not machine-readable seem to matter more with longer
documents like the 10-K and the 10-Q, while the ability to separate sec-
tions and the tabulation of numbers seem most relevant to 8-Ks, perhaps
because separate sections and tables in 8-Ks often pertain to separate news
items.

To further explore potential capital market consequences of scriptabil-
ity, we conduct an additional, planned analysis to examine whether script-
ability relates to changes in information asymmetry surrounding disclosure.
Technologically sophisticated investors, particularly those implementing al-
gorithmic strategies without human intervention, could obtain an informa-
tion advantage immediately following the filing of a highly scriptable dis-
closure. However, more scriptable disclosures combined with low-cost com-
puting power should lead to larger, more rapid reductions in information
asymmetry following SEC filings. Thus, we explore how scriptability relates
to changes in the bid-ask spread surrounding filing of disclosures and ex-
pect any adverse (beneficial) effects of scriptability to be more pronounced
in shorter (longer) windows. Our results indicate that scriptability increases
information asymmetry in the five-minute window following the filing, but
that the information advantage of “early” scripters diminishes as the win-
dow lengthens. This pattern of results is intuitive, as it suggests that early,
sophisticated traders impound the information from the filing into price,
and as time goes by less sophisticated investors “catch up.” In an unantici-
pated result, we find that the component of our measure related to identi-
fying data relates negatively to information asymmetry, but only in longer
measurement windows (60 minute and 24 hours). This evidence suggests
that “late” scripters likely rely more heavily on computer programs to iden-
tify data than to process that data, perhaps suggesting that they manually
process (i.e., read) the information that earlier scripters have previously
processed programmatically.

For our second hypothesis tests, we build on research suggesting that the
business press plays an important role in the dissemination and process-
ing of news (Drake, Guest, and Twedt [2014], Twedt [2016]). We hypothe-
size that information intermediaries, such as the Dow Jones (D]) newswire
service, are more likely to locate and process information in more script-
able disclosures, leading to a higher likelihood and speed of newswire dis-
semination. Perhaps because this test depends on the type and degree of
automated processing used by the intermediary, we find little evidence
in support of these predictions. However, in an unplanned analysis, we

4The registered report process requires us to clearly distinguish between planned analy-
ses that were included in the original report and unplanned analyses that were added after
observing the data. See footnote 1.
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demonstrate that roughly half of the components of scriptability show the
predicted association with the likelihood and speed of dissemination, sug-
gesting that portions of our measure may capture programmatic impedi-
ments to the specific processes employed by DJ.

Given the SEC’s recent focus on XBRL, we examine the effects of XBRL
on scriptability in an additional planned analysis. We exclude XBRL from
our main measure of scriptability since XBRL information exists for only
a small percentage of filings during our sample period and affects only a
subset of the information in those filings (i.e., financial data). However,
XBRL makes key financial data more machine-readable (Cox [2005]), so
we consider whether the presence and quality of XBRL metadata serves as
an alternative mechanism to improve scriptability. We find little evidence
that XBRL interacts with scriptability in a meaningful way. We note, how-
ever, that our measures of scriptability are designed to be holistic to the
disclosure, while XBRL metadata is limited to certain aspects such as the
tagging of specific numbers for easier retrieval. As such, XBRL might only
substitute for a limited set of our scriptability components. It is also possible
that XBRL metadata is little utilized by investors because of frequent errors
in XBRL markup (Debreceny et al. [2010]), leading to no variation based
on the presence or quality of XBRL.

Our study provides several important contributions to the accounting
and finance literature. First, our study contributes to the disclosure liter-
ature by providing new, detailed insights into both the data that underlie
and the metadata that accompanies firm disclosures.” While prior capital
markets research has taken full advantage of both the proliferation of data
(Li [2008], Drake, Roulstone, and Thornock [2012], Blankespoor, Miller,
and White [2014], Chen et al. [2014], Drake, Guest, and Twedt [2014],
Jame etal. [2016], Hales, Moon, and Swenson [2018]) and expanded meth-
ods for analyzing it (Allee and DeAngelis [2015], Chen, Miao, and Shevlin
[2015]), this research generally relegates discussions of the properties of
disclosure that facilitate or hinder electronic analysis to footnotes or appen-
dices (Li [2008], McDonald [2016]). We explicitly measure these proper-
ties and provide initial evidence on factors associated with disclosure script-
ability. As the first study to take a holistic view of the structure, function,
and quality of text and HTML in regulatory filings, our findings inform a
broad range of computerized analyses and likely extend to other informa-
tion sources, such as news outlets, social media, and investor relations Web
sites. Additionally, our unplanned, descriptive evidence suggests that dif-
ferent scriptability components appear relevant to different contexts. We
provide our data in order to facilitate future research, which can build on

5Metadata is “data about data” that can be used to describe the contents and context of
data or data files and can increase the usefulness of the underlying data. For example, a Web
page could include metadata specifying in what language the page is written, what tools were
used to create it, and where to find more information about the subject.
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our evidence to customize measures of scriptability for specific settings and
purposes.

Second, prior literature suggests that lower information processing costs
facilitate efficient capital allocation (e.g., Bloomfield [2002], Lundholm,
Rogo, and Zhang [2014]) and reduce information asymmetry between
market participants (Miller [2010], Flannery [2015]). Research also finds
that firms recognize these costs and either respond with clearer disclosures
(Waymire [1985], Tasker [1998], Guay, Samuels, and Taylor [2016]) or ex-
ploit them with selective and strategic disclosure (Schrand and Walther
[2000], Rogers and Stocken [2005], Cheng and Lo [2006]). Prior research
has primarily used disclosure readability as a proxy for information pro-
cessing costs, as it reflects the level of effort required for a person to read
and understand a disclosure. For example, Bloomfield [2008] presents
a disclosure in which a company seemingly hides bad news by burying
it under a large amount of unreadable, boilerplate text in its disclosure,
thus forcing an investor to separate the useful data from the useless. Our
analysis broadens the scope of this literature by recognizing that a mod-
ern investor can use a wide range of technological solutions to alleviate
these costs. Simple word searches and XBRL metadata can identify in-
formation of interest no matter where it is located in a report (Hodge,
Kennedy, and Maines [2004], Arnold et al. [2012]), and sophisticated algo-
rithms can efficiently summarize large numbers of documents (Carbonell
and Goldstein [1998], Barzilay, McKeown, and Elhadad [1999], Haghighi
and Vanderwende [2009]). Use of these tools should reduce the effect
of document length (Li [2008], You and Zhang [2009]) and the loca-
tion of information (Maines and McDaniel [2000], Lee, Petroni, and Shen
[2006], Bloomfield et al. [2010]) on investor processing. Future research
can examine scriptability in a wide range of contexts and further distin-
guish the roles of manual versus computerized processing of financial
information.

Third, given the SEC’s interest in machine learning to identify fraud
(Carney and Harker [2015]) and the difficulties that researchers often face
when analyzing these disclosures (see Loughran and McDonald [2016]
for a discussion of document parsing as a key “tripwire” in qualitative re-
search),’ our study informs regulators’ ongoing efforts to improve disclo-
sure access and quality. Starting in 1993 the SEC began the “Edgarization”
process, which moved regulatory filings onto the digital EDGAR platform
(Cuft [1993]). More recently, the FASB and the SEC have committed to
improve the quality of the financial statements and related notes through
the Financial Statement Presentation and Disclosure Framework projects
(Financial Accounting Standards Board [2016]) and the implementation

6 For instance, in our experience approximately 25% of MD&As in 10-Ks cannot be easily
extracted, leading to their exclusion from some prior studies due to missing data. Our analysis
includes these firms and helps to identify characteristics of fillings with “missing” MD&As.
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of XBRL (Securities and Exchange Commission [2009a]) for selected fi-
nancial information. Our study takes a broader view of the data and meta-
data throughout the electronic version of the filing, providing comprehen-
sive details on filing characteristics that can help or hinder computerized
processing. Our evidence that scriptability facilitates more efficient trad-
ing (volume IPT) and corresponds to reduced information asymmetry in
longer windows also suggests that establishing best practices for data pre-
sentation and quality across many dimensions of SEC filings can improve
their usefulness for less sophisticated users.

2. Measure of Scriptability

2.1 MEASURING COMPONENTS OF SCRIPTABILITY

We expect that the purposes of individual scripts vary as much as in-
vestor valuation models, so we do not attempt to measure the scriptability
of firm disclosures for every possible use. Instead, we formulate a general
approach based on features of disclosures that likely affect scripters’ abil-
ity to programmatically extract needed information. We identify two basic
tasks to which scripters apply computerized processing: (1) identifying data
of interest and (2) processing that data into useful information. Although
we expect most scripters to perform both of these tasks, scripters may dif-
fer in their reliance on identification versus processing. For instance, an
investor wishing to review income tax footnotes for 30 or so firms could
rely exclusively on the first task, programmatically identifying and extract-
ing the footnote he needs from each filing using heading formatting and
textual pattern matching, and then processing it manually (i.e., by read-
ing it). On the other hand, a highly sophisticated investor could use ma-
chine learning to process all available data and use a statistical method
such as ridge regression to build a complex model of firm value from the
available inputs, thus relying heavily on the second task. We explore these
differences in our empirical analyses by examining measures of scriptabil-
ity as they relate to each of these two tasks, in addition to a combined
measure.

We define our main measure of scriptability, CompScript, as the average
of two main aspects of scriptability that correspond to each of the above
two tasks: IdentifyData for scripters’ ease in identifying data of interest and
DataTolnformation for scripters’ ease in processing data into information.
For IdentifyData, we measure four filing characteristics: the ease with which
a script can (1) separate tables from text, (2) decompose text into logical
sections, (3) identify the content of logical sections based on the quality of
headings, and (4) find the relevant content in the filing itself rather than
following links to external documents. For DataTolnformation, we examine
four filing characteristics that pertain to data analysis in SEC filings: (1)
the proportion of the filing that is machine-readable as text, (2) the pro-
portion of numeric information in the filing that is tabulated, (3) the ease
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of processing textual information, and (4) the ease of processing tabular
information.” We expect that a scripter could perform many of these tasks
manually, and that some characteristics that make a filing more scriptable
(such as the clear use of logical sections) may also improve readability for
manual processing, while other characteristics (such as the use the HTML
tabular format to present bulleted lists) may represent a tradeoff between
readability and scriptability.®? Although we design our measure compo-
nents to conform directly to our observations of SEC filings, we have at-
tempted to make the components sufficiently general to apply to other firm
disclosures and to external sources of information such as analyst reports
or press articles. We provide complete technical definitions of CompScript
and its components in online appendices A and B, and figure 1 illustrates
how we combine the various components for our empirical analyses. Addi-
tionally, online appendix C includes several detailed examples to illustrate
how we construct various scriptability components. Finally, online appendix
D provides descriptive statistics for all scriptability components, including
correlations among the various components.'

To facilitate the combination of variables with different measurement
bases, we percentile-rank all components (including subcomponents within
each component) such that increasing values correspond to more script-
able disclosures. We rank by form type and calendar year since we expect
the mean level of scriptability to vary over time and by form type, and we
do not want these factors to dominate variation in our measure. We omit

7 Conforming to the most common methods of, say, table construction might result in
higher scriptability than using correct table construction according to HTML guidelines since
scripts can be designed to deal with similar errors in similar ways. However, given the possi-
ble variation in the many characteristics we consider, we only consider similarity across filings
for characteristics where a comparison is readily available (such as cosine similarity between
section headings or table row names).

8To expand on this example, a clearly descriptive, bolded section heading is both clearly
readable and scriptable. For instance, the heading “2017 Growth in European Sales” tells a
reader what to expect in the subsequent text whereas a scripter seeking information on Eu-
ropean operations would likely identify the bolded text as a heading candidate and the de-
scription clearly articulates the sought-after information. However, using HTML table-tagging
to present qualitative information in a bulleted list should facilitate manual processing (since
bulleted lists are frequently used to succinctly provide a number of distinct facts) but likely
impedes scriptability since tabular information is often expected to be numeric.

?We note that the Spearman correlation between CompScript and the Fog index (the most
commonly used measure of readability) is only 1.4%, providing further evidence that these
are different constructs, with scriptability focused on computerized processing and readability
focused on manual processing of qualitative disclosures.

19To supplement these correlations, we performed an exploratory factor analysis and ob-
served that the number of significant factors that are produced from a principal components
analysis (PCA) varies based on the form type. Based on all 12 components, it appears that two
factors explain the majority of the variance for Form 10-Q and 8-K filings, while Form DEF 14A
filings would require up to four factors and Form 10-K filings appear to require three factors.
Additionally, the results generally support our hypothesized grouping of the components into
our two task-based measures.
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TextFromTables

Sep Sections

IdentifyData

BinaryExhibits

%aNumTabulate
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UsefulR

FI1G. 1.—Overview of Scriptability. This figure illustrates how components of scriptability are
combined into the two task-based measures, IdentifyData and DataToInformation, and ultimately
CompScript. See online appendix A for detailed component descriptions.

components from the aggregate measure that are not possible to calculate
for a filing.

Like Li [2008], we focus on measuring the scriptability of SEC filings
because they are consequential to capital markets (e.g., Loughran and Mc-
Donald [2011]), publicly available, frequently accessed by investors (Drake,
Roulstone, and Thornock [2015]), and generally follow a homogeneous
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TABLE 1
Filing Counts for Various Samples

Max Filings
Filings with  Filings Used ~ Used to Test Max Filings
Total Filings Values for in Table 3 HI (Tables 4 Used to Test

Form Type  (1995-2015) CompScript Analysis and 5) H2 (Table 6)
10-K 263,319 104,614 71,419 12,850 15,263
10-Q 717,521 312,589 224,746 39,768 49,268
8-K 1,337,662 777,416 576,707 171,349 212,420
DEF 14A 147,960 100,073 71,479 13,348 12,929
Total 2,466,462 1,294,692 944,351 237,315 289,900

structure, especially within form type, making them prime candidates for
computerized processing. Recent evidence in Rogers, Skinner, and Zech-
man [2017] suggests investors react to Form 4s within seconds (or even
milliseconds) of filing, which must involve programmatic processing of dis-
closures. We note, however, that more timely disclosure outlets often super-
sede SEC filings. Since large institutional investors employ programmers to
collect data from a range of sources (Foxman [2016]), this lack of timeli-
ness could affect inferences from our tests.!! As a result, although we focus
on SEC filings, we design our measure so that most of our components can
be adapted to other settings.

We compute scriptability on filings for four of the most accessed form
types according to Drake, Roulstone, and Thornock [2015] from 1995 to
2015. These forms include (in descending order of most accessed): 10-Ks,
8-Ks, 10-Qs, and DEF 14As (definitive proxy statements). We exclude all
amended filings (ending with “/A”) because the scriptability of these doc-
uments likely mirrors the original filing and Form 4s, which rank fourth in
terms of mean downloads per day but contain minimal variation in presen-
tation format, making scriptability essentially constant. We classify all forms
with “10-K” or “10K” (“10-Q” or “10Q)”) in the form type as 10-Ks (10-Qs).
Table 1 presents the number of filings we identify in the EDGAR indices
for each of the four form types we consider. We identify approximately 263
thousand 10-Ks, 718 thousand 10-Qs, 1.3 million 8-Ks, and 148 thousand
DEF 14As. These values constitute our beginning sample for measuring
scriptability. Sample sizes for selected analyses are significantly smaller due
to other data requirements and restrictions as described below.'?

'We discussed our study with a Senior Analyst at an investment research firm who spe-
cializes in programmatically analyzing firm disclosures. He explained that his firm relies on
computer processing for several types of analysis from various sources, including table nor-
malization, topic modeling, and proprietary sentiment measures.

2Upon observing the data, we noted a large number of duplicate filings pertaining to
subsidiaries. In order to remove these duplicates from our sample, we require a match in
the CRSP-Compustat linking file for all SEC filings in all of our samples. The attrition from
column 1 to column 2 in table 1 is primarily due to this restriction. See online appendix F for
details.
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Before measuring each component of scriptability on a filing, we re-
move all SEC header information (i.e., all information preceding the first
“<DOCUMENT=>" tag and front matter such as the company name, state
of jurisdiction, etc.), footer information such as signatures, and, where
applicable, XBRL documents.!®> We conduct validation tests on both the
composite measure and the task-based measures of disclosure scriptabil-
ity. For brevity, we only briefly describe the results of the validation tests
here, but complete results are reported in online appendix E. We first as-
sess whether scriptability relates positively to the likelihood that a given
filing is included in samples constructed by other researchers (Kravet and
Muslu [2013], Campbell et al. [2014], Peterson, Schmardebeck, and Wilks
[2015], and McMullin [2016]) and generally find this is the case. Our sec-
ond two tests rely on readability and sentiment measures prepared by other
researchers (Li [2008], Loughran and McDonald [2014]). We find some
evidence that DataToInformation correlates negatively with noise in 10-K Fog
and, in an unplanned test, that CompScript relates negatively to error in mea-
suring 10-K tone. Overall, this evidence suggests that our measures appear
to capture the costs of computerized information processing costs in firm
disclosures.

2.2 FACTORS ASSOCIATED WITH SCRIPTABILITY

We examine three categories of firm and disclosure characteristics that
we expect to relate to scriptability: investment in the financial reporting
function, technological sophistication, and the use of a filing provider (or
“agent”).

Our discussions with industry representatives suggest that most managers
focus on the presentation of the filing to a human reader and largely ig-
nore the underlying text or HTML of the electronic filing. As such, firms
likely achieve better scriptability indirectly through greater overall invest-
ment in the financial reporting function. In other words, we expect that
firms placing a higher value on financial reporting quality invest in all as-
pects of disclosure quality, including technical support for the filing pro-
cess. Doyle, Ge, and McVay [2007] and Ashbaugh-Skaife, Collins, and Kin-
ney [2007] find evidence that firms invest in financial reporting quality
when they have more available resources, when quality is less costly to
achieve, and when the firm faces external pressures to improve quality.
We therefore include firm size (Size) and age (Age), which we expect re-
late positively to scriptability, and financial distress (Distress), complexity

3 For the purposes of measuring scriptability, we assume that the scripter uses the full text
version of the filing (available as a .txt file either through EDGAR’s FTP site or the Web in-
dex for each filing). The full text version clearly delineates documents, making it easy for
the scripter to split the document into its components, if necessary, and saves the effort of
identifying, downloading, storing, and analyzing multiple files. Using the full-text filing also
allows our scriptability measures to reflect the full disclosure (i.e., the SEC Form and attached
exhibits).
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(OpComplex, FinComplex), and sales growth (Growth), which we expect relate
negatively to scriptability. Similarly, firms facing greater scrutiny from in-
stitutional investors invest more heavily in financial reporting, so we also
include the level of institutional holdings (%IH), which we expect to relate
positively to scriptability. We provide detailed definitions of all variables in
the appendix.

While we posit that investment in financial reporting has an indirect ef-
fect on scriptability, we also expect that managers will choose to directly
take action to improve scriptability, and thus reduce information process-
ing costs, when they are able to do so. Management teams with a higher
level of technological sophistication more likely understand the benefits
of scriptability to meet users’ information processing needs. Further, these
managers bear lower costs to identify and implement technological best
practices. Consistent with these expectations, prior research finds that
executive innovativeness and the level of technical knowledge for both
managers and employees relates positively to the adoption of more so-
phisticated information systems (Thong [1999]). Following Kobelsky et al.
[2008], who find that high-tech industries have higher IT budgets and likely
greater technological sophistication, we proxy for technological sophistica-
tion with H77, a dummy variable for high-tech industries, and expect it to
relate positively to scriptability. We also include a proxy for technological
sophistication using the 10-K filing lag ([ileLag), as the SEC argues that
technological advancement facilitates firms’ ability to provide more timely
filings (Securities and Exchange Commission [2002], Choudhary, Merkley,
and Schloetzer [2015]).!* We expect FileLag to relate positively to script-
ability.

Finally, even technologically unsophisticated managers could choose to
improve the quality of the filing and outsource some or all of the prepa-
ration and filing process to a professional provider. A preliminary inspec-
tion of filing metadata for recent disclosures confirms that a large num-
ber of public companies use external filing agents to “Edgarize” their fil-
ings, with filing agent Workiva currently boasting 65% of the Fortune 500
among their clients despite only being founded in 2010 (Workiva [2015]).
We expect that the use of a filing provider will result in higher scriptabil-
ity. However, some firms rely on the publisher of their physical annual re-
port to also prepare the electronic EDGAR filing, and we do not expect
these publishers to pay much attention to the quality of disclosure meta-
data. Consequently, we use two indicator variables to measure a firm’s use
of a filing provider for preparation and/or submission of the file. First,
we identify whether firms use one of the top 25 filing agents (7Top25FA)

4 Over a long time series, this variable likely captures increased regulation over maximum
time-to-file allowances. However, our regressions include year-month fixed effects, which lim-
its variation in scriptability explained by independent variables to cross-sectional differences
in filing delays. Further, we control for firm size, which accounts for differences in filing dead-
lines for small vs. large firms (“accelerated filers”).
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for the form they are filing in a given year, with the expectation that top
agents are more likely to improve scriptability. Second, we set an indica-
tor variable, Watermark, equal to 1 if the filing provider leaves an “elec-
tronic watermark,” as this is evidence of a conscious design choice in the
electronic filing.!> We expect both of these variables to relate positively to
scriptability.

Table 2 presents descriptive statistics on the variables in our study. Panel
A (panel B) presents statistics measured at the disclosure (firm-year or firm-
quarter) level, and panel C reports correlations between each variable and
scriptability.16 To control for outliers, we replace the lower (upper) 1% of
all continuous variables with the first (99th) percentile of their respective
distributions. Panel A indicates that most forms are filed by a top 25 filing
agent and only 9% of DEF 14As have a Watermark while 23% of 8-Ks are filed
with a Watermark. Panel B shows that the median firm in our sample has
$252 million in total assets and is 13 years old. Our sample is comparable
to, but somewhat different from, Li’s (2008) sample, in which the median
firm has $271 million in assets and is eight years old; the differences could
be due to the inclusion of form types other than the 10-K and the use of a
more recent time period.

We model the association between scriptability and the constructs de-
scribed above using the following multiple regression:

Script = o + Xor; (Investment in Financial Reporting)
+Xy; (Technological Sophistication)
+36;(Use of aFiling Provider) + o HTML
+X Year-MonthFEs + X IndustryFEs + e.

(1)

Script equals CompScript or our task-based measures (IdentifyData or Data-
ToInformation). Variable references within the summations refer to the
three sets of variables described in the preceding paragraphs. We include
year-month and industry fixed effects in all regressions where industries
are defined using the Fama-French 48-industry designation. Further, we
control for the presence of HTML since our measure of scriptability varies
depending on whether the filing is prepared using HTML encoding. We
expect HTML to relate positively to scriptability.

Asreported in table 3, we find some support for an indirect improvement
in scriptability from investments in financial reporting quality. Specifically,
the coefficients on Distress and Growth, and, to a lesser extent, OpComplex
and FinComplex, are generally negative and significant across most specifi-
cations, suggesting that constraints on investments in financial reporting
quality reduce scriptability. We also find significantly positive coefficients
for institutional ownership for CompScript in all form types, suggesting that

I3 . . . . .
15 Our Watermark measure comes from a discussion we had with an executive at Workiva.
16 For variables measured using quarterly data, we report statistics for the average values
over quarters in a given year in panel B to facilitate presentation.
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institutional owners value and encourage higher filing scriptability along
with other improvements in financial reporting quality. In an untabulated
analysis, we repeat estimation of equation (1) for disclosures submitted be-
tween 2010 and 2015, consistent with the sample period used in our hy-
pothesis tests described in section 3. In these latter years, %IH becomes less
consistently positive across specifications, but otherwise our results hold in
the post-2009 period.

Contrary to expectations, we find that Size and Age are significantly neg-
atively associated with scriptability. One possible explanation for this result
is that larger and older firms invest more in financial reporting quality, but
also have more complex filings. In addition, we have observed that many
firms are slow to update disclosures once they have prepared them, creating
higher quality markup for new tables but not updating existing tables.

Regarding intentional actions by managers to improve scriptability, we
find a positive and weakly significant coefficient on H77 in 10-K and 8K
specifications using CompScript, and these effects appear to be driven by
IdentifyData. In the post-2009 period, HTI becomes positive and significant
for 10-Qs as well. Since technical expertise would likely have a greater ef-
fect on Data’ToInformation, with components such as binary exhibits and ta-
ble markup, than IdentifyData, we do not interpret our result to constitute
strong evidence that technological expertise has a direct effect on filing
scriptability.!” Contrary to expectations, we also find that FileLag is posi-
tively, rather than negatively, associated with scriptability. One possible ex-
planation for this result is that the additional time taken to prepare a filing
improves its quality.

Overall, the use of a high-quality filing agent shows the most significant
association with higher filing scriptability. Top25FA, which indicates that the
firm employs one of the top 25 filing agents, loads positively and signif-
icantly on all measures of scriptability for all form types, at less than the
1% level. Watermark, which we posit to indicate a greater focus by the fil-
ing agent on the markup of the filing, also has a positive and significant
association with CompScript and DataToInformation at less than the 5% level
for all form types, and a significantly positive association with IdentifyData
for all forms but 10-Qs. Both Top25FA and Watermark are less significantly
associated with scriptability after 2009 (untabulated), which implies recent
convergence in methods used to prepare electronic filings.

Together, our results suggest that managers rarely directly intervene to
improve scriptability, but may improve it indirectly through investments in
the financial reporting function and engaging outside consultants. A lack
of familiarity with the specific technologies used in financial reporting by
top managers could explain this outcome.

17We note, however, that including industry fixed effects alongside an indicator for high-
tech industries could affect the power of this test.
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3. Hypothesis Development and Research Design

3.1 HYPOTHESIS DEVELOPMENT

In this section, we develop predictions to examine possible benefits of
scriptability. Finance research characterizes market efficiency as the ability
of markets to quickly and accurately impound information for asset allo-
cation decisions (Fama et al. [1969], O’Hara [2003]). High-performance
computing, when combined with the increasing availability of information
on the World Wide Web, allows investors to analyze large amounts of data
with unprecedented speed and accuracy while limiting or, in the specific
case of algorithmic trading, eliminating costly human analysis (Brogaard,
Hendershott, and Riordan [2014], Rogers, Skinner and Zechman [2017]).
In addition to the higher speed of information collection, experimental re-
search finds that programmatic analysis lends itself to more directed infor-
mation search strategies that improve decision making (Hodge, Kennedy,
and Maines [2004], Arnold et al. [2012]).

Bloomfield’s [2002, p. 234] Incomplete Revelation Hypothesis (IRH)
“asserts that statistics that are more costly to extract from public data are
less completely revealed in market prices.” This builds on prior theoreti-
cal research in economics (e.g., Grossman and Stiglitz [1980]) suggesting
that market participants are constrained by information processing costs.
Consistent with the IRH, empirical research associates disclosure readabil-
ity with a more rapid response to the information content of 10-K filings
(You and Zhang [2009]), particularly for bad news (Kim, Wang, and Zhang
[2018]) and earnings surprises (Lee [2012]).

We expect that scriptability, like readability, will also reduce the time and
resources necessary to process and analyze financial information, leading
to a faster and more complete impounding of information into stock prices
for more highly scriptable disclosures:

H1I: Disclosure scriptability is positively associated with the speed of price
formation.

Despite our prediction, scriptability may not affect price formation for
several reasons. First, users may focus on a small group of filings and tailor
their scripts to the idiosyncrasies in this group. In this case, only changes in
scriptability may impede information processing. The algorithms of some
traders may also be so sophisticated and endowed with resources that both
scriptability levels and changes result in a negligible processing delay. Con-
versely, routine hand-collection of information by experts would enable
rapid trading that is not sensitive to scriptability.

For our second hypothesis, we examine the relation between disclosure
scriptability and intermediary dissemination. We focus on dissemination
because prior research suggests that investors rely on intermediaries for
“alerts” regarding regulatory filings (Li, Ramesh, and Shen [2011], Blanke-
spoor, deHaan, and Zhu [2018]) and that news dissemination facilitates

85UB01 SUOWILLIOD BAIER.D) @(qed!jdde 8 Aq peuienob a1e sapie WO 8s JO S9N 10} ARIQ1T 8UIIUO /B]IM UO (SUORIPUOD-PU-SLLRILI0D A8 1M ARR1q 1 [BUIIUO//SdNU) SUORIPUOD U SuLB L 8} 885 *[9202/T0/9Z] uo Ariqiauliuo ABim *ABojouyos L JO eimiisul IB10e Ad E0Z2T X629-GLYT/TTTT OT/10p/w0" A 1M AReid jou|uo//Sdny W01} popeoumoa ‘Z ‘8TOZ ‘X6.9SLtT



DISCLOSURE “SCRIPTABILITY” 383

efficient investor pricing of earnings information (Drake, Guest, and Twedt
[2014], Twedt [2016]). To the extent that scriptability increases the ability
of business journalists and newswire providers such as DJ to quickly analyze
and disseminate information in disclosures, we expect the likelihood of dis-
semination to increase and the delay between filing and dissemination to
decrease for more scriptable disclosures:

H2: Scriptability is positively associated with the likelihood and speed of
newswire dissemination.

If D] has advance access to planned firm disclosures such as press releases
and annual reports, however, any delays would occur prior to public avail-
ability. D] could also dedicate staff to hand-collect firm information instead
of relying on algorithms. As above, this would result in dissemination de-
lays sensitive to considerations other than scriptability. Finally, Blankespoor,
deHaan, and Zhu [2018] report that automated processing and dissemina-
tion of earnings press releases by the Associated Press did not occur until
late 2014. While our discussions with DJ suggest some level of automation
occurs before this date, we may fail to find support for H2 if fully automated
dissemination is a relatively recent practice.

3.2 RESEARCH DESIGN

3.2.1. HI Research Design. To empirically measure the speed of price for-
mation following the filing, we follow recent studies and use the IPT of the
market response (Butler, Kraft, and Weiss [2007], Bushman, Smith, and
Wittenberg-Moerman [2010], McMullin, Miller, and Twedt [2015], Twedt
[2016]). Using the “Accepted” timestamp from the filing’s EDGAR index
page, we examine IPT following the disclosure over three separate windows,
five minutes, 60 minutes, and 24 hours in order to capture the response
of both algorithmic scripters and traditional investors.'® Since these short
windows require intraday trading information, we modify the measure of
IPT for use with Trade and Quote (TAQ) data by changing the unit of
measure over which the response is measured from days or months to min-
utes and by using midpoints of quotes to compute effective, rather than
realized, buy-and-hold returns. Following Holden and Jacobsen [2014], we
eliminate nonnormal and missing quotes, quotes where the bid exceeds
the offer, and extreme quotes. We then measure IPT as the scaled area un-
der the cumulative price change curve from time 0 to a chosen end point
(McMullin, Miller, and Twedt [2015]). We measure cumulative price

18According to Rogers, Skinner, and Zechman [2017], this time stamp precedes actual
disclosure availability on EDGAR by an average of 30 seconds. However, no better time stamp
is publicly available. Further, our shortest IPT measurement window is 10 times longer than
this delay, which should minimize the effect of any bias due to misspecifying the start-time of
each window.

85UB01 SUOWILLIOD BAIER.D) @(qed!jdde 8 Aq peuienob a1e sapie WO 8s JO S9N 10} ARIQ1T 8UIIUO /B]IM UO (SUORIPUOD-PU-SLLRILI0D A8 1M ARR1q 1 [BUIIUO//SdNU) SUORIPUOD U SuLB L 8} 885 *[9202/T0/9Z] uo Ariqiauliuo ABim *ABojouyos L JO eimiisul IB10e Ad E0Z2T X629-GLYT/TTTT OT/10p/w0" A 1M AReid jou|uo//Sdny W01} popeoumoa ‘Z ‘8TOZ ‘X6.9SLtT



384 K. D. ALLEE, M. D. DEANGELIS, AND J. R. MOON, JR.

change using effective returns (ER) for a window lasting w minutes as fol-
lows:

w w—1
1
=5 > (ER, 1 +ER,)/ER, =) (ER,/ER,) +05. (2)

m=1 m=1

IP1

ER,, equals the ER from minute 0 to minute m. Intuitively, a faster (or
“steeper”) response yields a larger area under the response curve. To illus-
trate, if the full window return occurred in the first minute, then ER,, equals
ER, for all m = 1, so IPT equals w— 0.5. Conversely, if the full window return
happened in the final minute, ER,, equals O for all m less than w, and IPT
equals 0.5.

We also examine the association between scriptability and trading vol-
ume as an alternative measure of the speed of price formation (Rogers,
Skinner, and Zechman [2017]). Since Beaver [1968], researchers have ac-
knowledged that new information can affect both market price and the
portfolio decisions of individual investors. Therefore, “[t]rading volume
reflects investors’ activity” (Bamber [1986, p. 40]) even in the absence
of price movement, and we expect portfolio decisions to be made more
rapidly in the presence of higher scriptability. We calculate the IPT of the
volume response by replacing the ER terms with cumulative volume (CV)
in equation (2) using the windows and methodology previously described.

Because finance research highlights the importance of the time at which
returns are measured (e.g., Foster and Viswanathan [1993], Busse and
Green [2002]), we adjust our price and volume IPT measures by a “nor-
mal” IPT, similar to Rogers, Skinner, and Zechman [2017]. Specifically, we
calculate the average price and volume IPT on the same time and day as
the filing over the prior 51 weeks and subtract it from the filing IPT. After
calculating this adjusted IPT metric for all filings in our sample, we create
decile-ranked variables by year and form type, which we use as the depen-
dent variable in our models. IPTP (IPTV) refers to the ranked abnormal
price-based (volume-based) IPT measure. The ranking procedure limits the
impact of the inherent noise in returns-based area-under-the-curve mea-
sures (McMullin, Miller, and Twedt [2015], Drake, Thornock, and Twedt
[2017]).

We test H1 using the following Ordinary Least Squares (OLS) regression
model estimated separately for each form type:'?

IPT = o + B Script + Zy; (Controls) + e. (3)

Script equals CompScript or our task-based measures (IdentifyData and Data-
ToInformation), and IPT equals either IPTP or IPTV measured over one of
the three windows. We use superscripts “6m” (five minutes), “60m” (60 min-
utes) and “24h” (24 hours) on /PTPand IPTVto denote each measurement

19 Results are qualitatively similar if we use an ordered logistic regression.
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window. H1 predicts significantly positive values for . We control for fac-
tors associated with scriptability described in subsection 2.2. In addition, we
control for various aspects of firms’ information environments identified to
relate to IPT. Specifically, we control for analyst following (Follow), the num-
ber of recent news articles about the firm (News), performance (ROA and
Loss), growth prospects (Book-to-market [ BTM]), investments ( CapEx), and
capital structure (Lev). We also control for the number of filings received
by the SEC in the 60 seconds prior to the filing of interest (FileCluster) since
Rogers, Skinner, and Zechman [2017] show this variable relates positively
with the time to dissemination, which could impact our measures of IPT.
We exclude controls from McMullin, Miller, and Twedt [2015] related to
the time of day the filing occurs since our IPT adjustment procedure con-
trols for time-related differences in both price and volume responses. All
models include year-month and industry fixed effects.

We obtain intraday trading data from TAQ. Given a large percentage of
filings occur outside of trading hours, we take advantage of TAQ’s coverage
of pre- and postmarket sessions and consider filings made both during and
outside traditional market hours. As of September 20, 2006, TAQ tracks
trades made from 4:00 am to 9:30 am (premarket) and 4:00 pm to 8:00 pm
(postmarket) on all three major exchanges. Our abnormal IPT measures
require 52 weeks of lagged data, so the earliest we could start our data
and have a constant coverage window is late 2007, which corresponds to
the beginning of the financial crisis. Thus, to avoid issues with deriving
expected measures of IPT during this volatile period, we begin our sample
for these market tests in January of 2010, requiring data from calendar year
2009 through the end of 2015. This later sample period is also appropriate
because the influence of scripters on price formation has likely increased
over time with advances in technology and information availability.

3.2.2. H2 Research Design. We use D] newswires to measure dissemina-
tion of filing information by the business press. While Li, Ramesh, and
Shen [2011] describe the DJ news production process as largely manual,
with reporters reviewing important disclosures and submitting news flashes
with value relevant content to subscribers, a recent discussion with a rep-
resentative from DJ suggests that at least a portion of the process is now
highly automated. Other intermediaries such as RavenPack, which provides
proprietary sentiment measures immediately following news events (Drake,
Guest, and Twedt [2014]), also rely on DJ for machine-readable data. We
identify dissemination by using the “Accepted” timestamp from EDGAR
and searching for newswires within 24 hours of the filing, as in our design
for H1.2° To mitigate the risk of erroneously matching newswires to filings,
we require newswires to either reference the type of disclosure (i.e., “10K”
or “Annual Report” for form 10-K filings) or contain some combination of

20 Twedt [2016] finds that the majority of dissemination articles occur within one day of
disclosure.
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“SEC” and “filing” (or “filed”) in the headline or lead paragraph. Dissem
equals 1 if we identify at least one newswire with one of these criteria in the
24 hours following filing receipt by the SEC, and NewsDelay equals the time
between the disclosure’s SEC timestamp and the newswire closest to the fil-
ing time. In the event a newswire occurs within 24 hours of two or more
filings by the same firm of the same form type, we assume the disclosure
closest to the newswire was the one disseminated. We then estimate the
following Probit (OLS) model when Dissem (NewsDelay) is the dependent
variable (DV) separately for each form type:

DV = «a + BScript + (Zyy Controlsy) + e. (4)

Script equals either CompScript or our task-based measures (IdentifyData or
DataToInformation). H2 predicts positive (negative) values for g when Dis-
sem (NewsDelay) is the dependent variable. We control for the factors we
expect to be associated with scriptability identified in subsection 2.2 and
additional controls based on the findings in Li, Ramesh, and Shen [2011].
Specifically, we include Opinion, which equals 1 for any disclosure issued
in a year following a nonstandard audit opinion in Compustat. Second, we
include Volume, which is the average daily trading volume over the quarter
preceding the disclosure. Third, we control for the number of earnings an-
nouncements (#£As) in all of Compustat occurring within 24 hours of the
filing, as DJ prioritizes the dissemination of earnings announcements over
other information events, potentially altering dissemination delays. For sim-
ilar reasons, we also control for the total number of SEC filings occurring in
the two-hour window surrounding the disclosure (#Filings). We also include
controls for stock return volatility (Volatility) and litigation risk (Li). When
NewsDelay is the dependent variable, we also control for the length of the
DJ article (DJLength) since longer articles likely take longer to prepare and
disseminate. We also include News to control for press following. Finally,
in addition to industry and year-month fixed effects, we include hour and
day-of-week fixed effects to account for differences related to the time of
day the filing occurs.

Footnote 7 of Li, Ramesh, and Shen [2011] indicates that DJ significantly
restructured their news service in mid-2009. To avoid possible effects of this
change, we limit our sample period to 2010-2015, the same period for our
test of HI.

3.3 DESCRIPTIVE STATISTICS FOR HYPOTHESIS TESTS

From table 2, panel A, note that the IPT measures are uniformly dis-
tributed by definition. Dissem varies greatly by form type with DJ disseminat-
ing 40% of 8K filings compared to 4% of 10-K filings and 2% of 10-Q and
DEF 14A filings. Panel C documents several statistically significant positive
correlations between CompScript and the IPT measures, especially for the
IPT volume measures. Thus, we find some support for our hypotheses on a
univariate basis.
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4. Empirical Results

4.1 RESULTS FOR H1

Table 4 presents results of our test of H1 using IPTP to proxy for the
speed of price formation. Panel A (B and C) presents results using the five-
minute (60-minute and 24-hour) measurement window. H1 predicts a pos-
itive coefficient on our scriptability measures. As shown, panel A of table
4 provides no support for H1. Neither CompScript nor our task-based mea-
sures (IdentifyData and DataTolnformation) relates significantly to IPTP™. Tt
is worth noting that the adjusted-R? values in each column are very low
and, in fact, negative in the first two columns. Inspection of the data sug-
gests that the short-window /PTP measures are incredibly volatile, likely due
to relatively small returns in the denominator of the IPT measures. We dis-
cuss untabulated, unplanned analyses related to this observation shortly.
Panel B of table 4 provides some support for H1 using the 60-minute win-
dow. Namely, we observe a weakly positive relation between IdentifyData
and IPTP for 10-Ks (¢t = 1.62). For 8-Ks, we report positive coefficients on
both CompScript (t = 2.26) and DataTolnformation (¢ = 2.90). Finally, for
proxy statements, DataTolnformation loads positively (1= 2.35), as predicted.
Contrary to predictions, we observe a significantly negative coefficient
(t=-2.60) on CompScript for 10-Qs. Panel C reports results using I/P7TP mea-
sured over a 24-hour window. As in panel B, we again find some support for
H1 for 10-K filings. However, unlike in panel B, CompScript and DataTolnfor-
mation each exhibit significantly positive coefficients (¢ = 2.15 and t = 2.27,
respectively), whereas IdentifyData falls below conventional significance lev-
els (¢=1.18). Also, as in panel B, we find some support for HI in our 8K
sample, as IdentifyData loads positively (¢ = 2.31).

To serve as an effective proxy for the speed of price formation, IPTP
requires a nontrivial return over the measurement window and regular
changes in quotes (since we use ERs). Absent these two conditions (i.e.,
infrequent quotes or a total return close to 0), IPTP is highly volatile,
which likely explains the very low explanatory power of our models. To
address this issue, we conduct two unplanned, untabulated additional
analyses. First, we repeat all analyses in table 4 after excluding observa-
tions that have fewer than three (31, 13) observations for the five-minute
(60-minute, 24-hour) measurement window. This restriction reduces mea-
surement error associated with infrequent changes in the quote midpoint.
Using this subsample, we again fail to find any significant effect of scriptabil-
ity on price formation in the five-minute window. Over the 60-minute win-
dow, CompScript and DataToInformation each exhibit positive relations with
IPTP for 8K filings (¢t = 2.24 for both), and DataTolnformation also relates
positively to IPTP for proxy statements ({ = 2.71). Over the 24-hour win-
dow, our only support for H1 comes for 8K filings—coefficients on both
CompScript and IdentifyData are significantly positive (¢ = 3.11 and 2.68, re-
spectively). Second, we limit the sample to filings with full-window returns
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exceeding 1% in magnitude to avoid issues with very small IPT denomina-
tors, and we find support for H1 within our 8K sample for all three win-
dows. Specifically, CompScript relates positively to IPTP in the five-minute
(t=1.98) and 60-minute (¢ = 2.60) windows, IdentifyData relates positively
to IPTP in the five-minute (¢ = 1.89) and 24-hour window (¢ = 2.61), and
DataTolnformation relates positively to IPTP in the 60-minute window (f =
2.02). As for other form groups, we find a positive coefficient on CompScript
for proxy statements in the five-minute window (¢ = 1.85) and a weakly pos-
itive coefficient on CompScript for Form 10-Ks in the 24-hour window (¢ =
1.67).

While noise in the IPTP measures could explain the mixed results in
table 4, it is also possible that the summary and task-based measures fail
to adequately capture the components of scriptability most relevant to the
speed of price formation. In panel D of table 4, we present results from
an unplanned additional analysis. Specifically, we report Spearman correla-
tions between each component of scriptability and /PTP measures. Shaded
rows indicate that correlations are statistically significant in the predicted
direction. As shown, we fail to observe much consistency in component-
level correlations.

Table 5 parallels the results presented in table 4, instead using IPTV (a
volume-based intraperiod timeliness measure) to proxy for how quickly
new information is traded on. As before, panel A presents results using IPTV
measured over a five-minute window. Our results provide some support for
H1 in the five-minute window, though only for 8-Ks. Specifically, we find
highly significant, positive coefficients on both CompScript (¢ = 5.06) and
IdentifyData (t = 6.10). In panel B, we continue to find strong support for
H1 in the form 8-K sample. All three scriptability measures relate positively
to IPTV (tstatistics between 2.62 and 6.48). We find similar evidence for
form 8-Ks in panel C: CompScript (t = 2.24) and IdentifyData (t = 2.86) each
relate positively to IPTVin the 24-hour window. Similar to findings in panel
B of table 4, we once again observe relations opposite those predicted in
the form 10-Q) sample in panels B and C. Namely, CompScript and DataToln-
Jformation relate negatively to IPTVin panels B and C. Since trading volume
is often used as a proxy for investor disagreement (Bamber [1986]), this
result is consistent with scriptability affecting different users differently.

While we find fairly consistent support for H1 using IPTV for 8K filings,
we fail to find that our summary measures of scriptability affect the speed of
investors’ response to other types of filings. One potential explanation for
this is that scriptability components that affect the speed of 8-K response
differ from those that facilitate rapid price formation following 10-K, 10-
Q, or proxy statement filings. To investigate this possibility, we present an
unplanned, descriptive analysis in panel D of table 5 similar to panel D in
table 4. Shaded cells indicate components that exhibit the predicted signed
correlation. We observe numerous correlation patterns consistent with
our results, and the pattern of shading suggests that scriptability is not a
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DISCLOSURE “SCRIPTABILITY” 403

“one-size-fits-all” construct. For instance, ExtReferences and BinaryExhibits ap-
pear to correlate with JPTV for 10-Ks, 10-Qs, and proxy statements, though
not for 8-Ks. Conversely, % NumTabulate correlates in the expected direc-
tion only for 8-Ks and relates negatively to IPTV for the other form types.
In fact, the only components that exhibit positive associations with IPTV
across all form types are UsefulHeadings and UsefulRowNames. These find-
ings are consistent with our discussion in section 2 that scripters perform
different information identification and processing procedures in different
settings.

To summarize, we find some support for Hl, though the relation be-
tween scriptability and the speed of the market response appears to vary
considerably depending on form type and measurement window. Our re-
sults are most pronounced with 8-Ks, which is perhaps not surprising since
these filings often convey forward-looking, voluntarily disclosed informa-
tion that has not already been priced prior to filing (Lerman and Liv-
nat [2010]). However, our subsequent analysis in panel D of table 5 sug-
gests that some components impact the speed of information acquisition
in other (non-8-K) filings. We also generally find stronger results using vol-
ume to assess the market’s response. Given that measures of volume IPT
are less volatile (i.e., less impacted by small denominators) and volume is
the sum of all individual investors’ (or scripters’) trades, or actions (whereas
price changes reflect changes in the aggregate market’s average beliefs), we
think this pattern is intuitive.

4.2 RESULTS FOR H2

Table 6 presents results for H2. Panel A presents results using CompScript,
and panel B presents results using our task-based measures IdentifyData and
DataTolnformation. We expect each measure of scriptability to relate posi-
tively to Dissem (the likelihood of DJ dissemination increases with script-
ability) and negatively with NewsDelay (the time from SEC acceptance to
dissemination decreases as scriptability increases). As shown in panel A, we
find very little support for H2 using CompScript. For 8-K filings, we do ob-
serve a positive coefficient with Dissem as the dependent variable (¢ = 2.66).
In other columns, we either fail to observe a significant relation between
CompScript and our dissemination variables, or, in three cases, significant in
the direction opposite our prediction (columns 3, 6, and 7). In panel B,
we again find some support for H2 for Form 8-Ks. IdentifyData relates pos-
itively (negatively) to Dissem (NewsDelay), as predicted. However, for Form
8-Ks, DataToInformation exhibits a significant association opposite our pre-
dictions, relating negatively (positively) to Dissem (NewsDelay). We also ob-
serve some evidence contrary to our predictions for 10-Qs. DataTolnforma-
tion exhibits a weakly negative relation with Dissem and IdentifyData relates
positively to NewsDelay.

We note that scriptability might not predict dissemination likelihood or
timeliness to the extent that the process of creating D] newswires is manual
instead of computerized. An additional possible explanation for our results
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is that our tests lack power because D] does not frequently disseminate SEC
filings. Descriptive statistics presented earlier in panel A of table 2 provide
some support for the latter. Namely, we only identify D] dissemination of
3.8%, 2.1%, and 1.8% of Form 10-K, 10-Q, and DEF 14A disclosures, re-
spectively. These low base rates limit the power of our tests, particularly
those involving NewsDelay, and indicate that factors other than scriptability
determine whether D] disseminates these filings.

To shed additional light on our findings, we conduct an additional un-
planned, descriptive analysis related to H2, similar to panel D of tables
4 and 5. Since we find that a relatively high percentage of 8-Ks, approx-
imately 40%, are disseminated, we limit our unplanned analysis to this
form group. Panel C of table 6 presents unconditional Spearman corre-
lations between each component of scriptability and both Dissem and News-
Delay. As shown, several individual components exhibit significant corre-
lations with each dependent variable, some consistent and others incon-
sistent with our expectations. Specifically, TextFromTables, SeparateSections,
UsefulHeadings, % NumTabulate, TableMarkup, and UsefulRowNames each ex-
hibit correlations in the predicted directions with both Dissem and News-
Delay. Conversely, ExtReferences, BinaryExhibits, UnexpectChar, TokenQuality,
Typo, and CellConsistency generally correlate in directions contrary to our
predictions. The resulting combination yields only weak mean correla-
tions, reported in the bottom row of panel C, consistent with our lack
of results in panels A and B. Predicting which specific components of
scriptability affect the D] dissemination process (or any process for that
matter) requires intimate knowledge of the exact scripts used to moni-
tor and process the SEC filings. Nonetheless, it is perhaps not surpris-
ing that features related to separating textual and numeric information
(TextFromTables, % NumTabulate) and to identifying specific data in the
filing (UsefulHeadings, UsefulRowNames, TableMarkup) exhibit relations in
the expected directions, whereas measures of the “quality” or “readabil-
ity” of the filing (BinaryExhibits, TokenQuality, Typo) exhibit unexpected
relations.?!

To summarize our results, we generally fail to find support for H2. How-
ever, our unplanned descriptive evidence suggests that certain features of
filings could indeed relate to the likelihood and speed of DJ newswires dis-
semination of form 8-K disclosures. This result is consistent with the influ-
ence of scriptability being context specific.

21'1n untabulated, unplanned analyses, we construct an alternative summary measure of
scriptability using the average of six components highlighted in panel C of table 6. We reesti-
mate columns 5 and 6 of table 6, panel A, using this measure instead of CompScript and find
highly significant coefficients in both columns (p < 0.01). Note that the only purpose of this
analysis is to verify that directionally consistent correlations in panel C are not due to corre-
lated omitted variables.
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5. Planned Additional Analyses

5.1 XBRL AND SCRIPTABILITY

XBRL metadata is designed to make existing information easier to pro-
cess without increasing the information content of regulatory filings (Se-
curities and Exchange Commission [2005]). Among other benefits, XBRL
allows “what is currently static, text-based information [to] be dynamically
searched and analyzed, facilitating the comparison of financial and busi-
ness performance across companies, reporting periods, and industries”
(Securities and Exchange Commission [2009b]). Given the natural rela-
tion between programmatic analysis and “dynamic search and analysis,”
XBRL should make documents more scriptable. Despite its potential use-
fulness, however, research documents substantial errors in early XBRL fil-
ings, although recent evidence suggests some improvement in data quality
over time (Debreceny et al. [2010], Du, Vasarhelyi, and Zheng [2013]).
While prior studies cite noise in XBRL metadata as a weakness (Hoitash
and Hoitash [2018]), we exploit variation in both the presence and quality
of XBRL metadata to assess whether XBRL moderates the effects of dis-
closure scriptability by providing an alternative mechanism for extracting
information.

In our first supplemental analysis, we test whether associations between
the scriptability of filings and IPTP, IPTV, Dissem, and NewsDelay vary
depending on whether the firm includes XBRL. We restrict our sample to
10-K filings, as they contain the largest concentration of XBRL metadata,
filed between 2010 and 2012, the period where the SEC required only some
filers to tag both the financial statements and the notes. We identify a fil-
ing as containing XBRL if it has the designated exhibits (i.e., EX-101) and
estimate equations (3) and (4) separately for the XBRL and non-XBRL
filings. Results from this analysis are presented in panel A of table 7. For
brevity, we report only results using CompScript and do not tabulate coef-
ficient estimates for variables other than CompScript. As shown in panel A
of table 7, with one exception, we fail to observe significant differences
across partitions in the relation between CompScript and each of our depen-
dent variables. We do observe a significant difference using NewsDelay as
the dependent variable in the direction of our expectations. However, this
result is difficult to interpret given the fact that D] appears to only rarely
disseminate 10-K filings. In untabulated tests, we also analyze associations
between XBRL and our task-based measures of scriptability (i.e., Identify-
Data and DataTolnformation). The relation between DataTolnformation and
IPTP% is significantly less positive (more negative) for the sample of XBRL
filings, consistent with our expectations. However, consistent with reported
results for CompScript, the association between IdentifyData and NewsDelay is
marginally more negative in XBRL filings. In general, this evidence does
not support our conjecture that XBRL substitutes for scriptability in 10-K
filings.
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In addition to examining whether the presence of XBRL moderates the
effect of scriptability on market participants and news outlets, we also as-
sess whether the extent and quality of XBRL metadata increases its value.
To measure the extent of XBRL tagging, we divide the number of nu-
meric tags identified in the XBRL metadata by the number of unique num-
bers in the document. The resulting measure, % Tagged, indicates the de-
gree to which XBRL can substitute for data collection through scripting.
To measure quality, we rely on data from the “EDGAR Dashboard” devel-
oped by xbrlcloud.com, which rates the quality of firms’ XBRL metadata
over a variety of syntactical and regulation-based dimensions (e.g., XBRL
Technical Syntax Rules, Fundamental Accounting Concepts and Relations
Rules, U.S. GAAP Reportability Rules, etc.).?? For each dimension, the
dashboard quantifies the percentage of “custom” tags, or tags that deviate
from the standard taxonomy, and identifies errors or warnings associated
with various XBRL rules. We collect ratings for 10-K filings between 2013
and 2015 and develop two measures of XBRL quality.®* First, we set Stan-
dardTags equal to one minus the proportion of extended tags. Extended
tags prevent users from relying on the standard taxonomy, making XBRL
metadata harder to process. Second, we compute TagQuality as the propor-
tion of quality dimensions classified as “OK” (i.e., no error or warnings), as
we expect errors and warnings to reduce the usefulness of XBRL. We then
estimate the following model:

DV = a + ay CompScript + a9 % Tagged + asStandardTags
+ a4 TagQuality + o5 CompScript x % Tagged + o CompScript
x StandardTags + a7 CompScript x TagQuality
+ (Zy, Controlsy,) + ¢.

5)

DVis IPTP, IPTV, Dissem, or NewsDelay. If XBRL quality substitutes for
scriptability, we expect the three interaction terms to be negative for all
specifications except when NewsDelay is the dependent variable. We employ
the same controls used in equations (3) and (4) in estimating equation
(5). We report results for this analysis in panel B of table 7. Beginning
with the IPTP and IPTV measures, we find little evidence of XBRL substi-
tuting for scriptability. For Dissem, the interaction between CompScript and
% Tagged is significantly positive, suggesting a complementary association
between XBRL and scriptability, but the interaction between CompScript
and StandardTags is significantly negative, suggesting a substitutive relation-
ship. In an untabulated analysis, we repeat estimation of (5) after decom-
posing CompScript into IdentifyData and DataTolnformation. Unlike the tabu-
lated results, these results provide more consistent evidence of a substitutive

22 Gee https://edgardashboard.xbrlcloud.com/edgar-dashboard/ for the dashboard.

23 The EDGAR dashboard extends back to the earliest adoption of XBRL in 2009, but error
and warning assessments are not available until late 2012, limiting our sample to later years of
XBRL filings.
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relationship between XBRL and scriptability. Coefficients on interactions
between IdentifyData and either TagQuality and Standardlags are signifi-
cantly negative in regressions using IPTP?", IPTV’", and Dissem, and we
observe a significantly negative interaction between DataTolnformation and
PctTagged (StandardTags) in the model using IPTVOO™ (IPTP%O™). Consistent
with tabulated results, the coefficient on DataToInformation interacted with
TagQuality is significantly positive in the IPTP** regression. In sum, results
using CompScript suggest limited substitution, and possible complementar-
ity, between XBRL and scriptability, and results using task-based measures
suggest more consistent substitution. The inconsistency of our results likely
reflects differences in scope between our measures of scriptability, which
are designed to be holistic to the disclosure, and XBRL metadata that is
limited to certain aspects such as the tagging of specific numbers for eas-
ier retrieval. As such, XBRL might only substitute for a limited set of our
scriptability components. Additionally, we point out that many of our prior
tests failed to detect significant associations between scriptability and our
variables of interest for 10-K filings (i.e., most of our significant results re-
late to 8-K filings). Thus, it is possible that other capital market outcomes
would be more appropriate for assessing the association between XBRL and
scriptability.

5.2 SCRIPTABILITY AND CHANGES IN INFORMATION ASYMMETRY

The effect of scriptability on information asymmetry between market par-
ticipants is ex ante unclear. Consistent with trends in business (Downes and
Nunes [2013], Eule [2015]), we expect advances in technology and the
availability of low-cost computing power (Kim [2015]) to level the play-
ing field between investors by enabling data analysis at scale without sig-
nificant investments in personnel. In this case, higher scriptability should
lead to a further decline in information asymmetry by reducing the knowl-
edge and resources necessary to perform computerized analysis and al-
lowing even unsophisticated programmers to trade on scripted informa-
tion. However, unsophisticated investors are unlikely to implement auto-
mated trading strategies such as those used by algorithmic traders.?* As
a result, more scriptable filings could result in a short-term information
advantage for larger and more sophisticated investors, allowing them to
trade on filing information more rapidly than other market participants
and resulting in increases in information asymmetry immediately follow-
ing disclosures. Consistent with this conjecture, Rogers, Skinner, and Zech-
man [2017] show that abnormal bid-ask spreads increase by 20-25% in the
30 to 60 seconds following Form 4 filings disclosing insider purchases, im-
plying high-frequency traders that target these filings have an information
advantage.

24 For retail investors, it is not ex ante clear that technological and programming sophis-
tication correlates with financial sophistication, so not all algorithms will necessarily trade
profitably.
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Given the above, we test whether scriptability increases or decreases in-
formation asymmetry over both short and long trading windows. As our
proxy for information asymmetry, we estimate abnormal spreads in a man-
ner similar to Rogers, Skinner, and Zechman [2017] by computing the
quoted bid-ask spread five minutes, 60 minutes, and 24 hours following
filing acceptance by the SEC and divide by the spread measured 60 sec-
onds prior to the disclosure (%AbSpread). Panel C of figure 4 in Rogers,
Skinner, and Zechman [2017] implies that algorithmic traders’ information
advantage remains significant for at least one minute following dissemina-
tion, so we expect an increase in information asymmetry during the five-
minute window if scriptability facilitates automated trading. For the longer
windows of 60 minutes and 24 hours, we expect scriptability to reduce
this information advantage, leading to either a smaller increase or a de-
crease in information asymmetry. We estimate equation (6) below for each
window:

% AbSpread = o + BScript + Ty; (Controls) + . (6)

Script equals CompScript or our task-based measures (IdentifyData and
DataTolnformation). Controls refer to the same set of controls used to test
HI1 and described in subsection 3.2.1. Consistent with earlier tests, we esti-
mate (6) by form type. Further, we limit our sample period to 2010-2015
to match the years used in our hypotheses tests. Results from estimating
equation (6) are reported in table 8. As in tables 4 and 5, we report results
using the five-minute (60-minute and 24-hour) measurement window in
panel A (B and C). In panel A, we observe positive relations between Data-
Tolnformation and the abnormal bid-ask spread for 10-K (¢ = 1.97) and 8K
(z=2.08) filings. We also observe a positive association between CompScript
and % AbSpread for 8K filings (¢ = 2.56). For proxy statements, we observe
a weakly negative coefficient (¢ = —1.70) on DataToInformation, suggesting
higher scriptability corresponds to a reduction in information asymmetry
for these filings. In panels B and C, we observe that the positive coeffi-
cient in the five-minute window for 10-Ks declines to the point of insignif-
icance for the 60-minute window. We observe a similar pattern for 8-Ks:
the positive coefficient on CompScript weakens slightly in panel B (relative
to panel A) and becomes insignificant in panel C. This shift in the signif-
icance of the coefficient occurs despite a significantly positive coefficient
on DataloInformation, likely because IdentifyData loads negatively in panels
B and C (increasing in significance from a ¢statistics of —1.94 to —2.86).
This could suggest, consistent with our discussion in subsection 2.1, that
different types of scripters utilize different methods to reach the same in-
formation, so that unsophisticated scripters “close the gap” with sophisti-
cated scripters through information search instead of computerized data
processing. As such, it appears that scriptability is associated with informa-
tion asymmetry, but that the association varies by form type and with time
elapsed.
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6. Conclusion

Prior research examines the readability of disclosures for managers, in-
vestors, and regulators with a focus on the level of effort required for a
person to read and understand the disclosure (Li [2008]). We examine the
“scriptability” of firm disclosures, which represents the relative ease with
which a computer program or a computer programmer can transform the large
amounts of unstructured data contained in various firm disclosures into
usable information (Bloomfield [2002]). We identify two basic tasks that
a “scripter” of firm filings is likely to perform, identifying data of interest
and processing that data into decision-relevant information, and measure
characteristics of filings that are likely to facilitate or inhibit the automa-
tion of these tasks. We validate our measures using a series of tests relying
on researcher-derived samples and measures commonly used in prior liter-
ature. We also assess whether our measure is associated with a set of firm
and disclosure characteristics that we expect to relate to scriptability and
find some limited evidence from these tests that investment in the financial
reporting function is related to higher scriptability, although characteris-
tics such as technological sophistication, firm size, or age do not appear to
translate into more scriptable filings. Overall, the most significant predic-
tor of filing scriptability appears to be preparation by a top filing agent. In
our primary tests, we provide some evidence that scriptability relates posi-
tively to measures of the speed of the market response to SEC filings, espe-
cially as captured in our volume measures. We also predict that scriptabil-
ity increases the likelihood and speed of DJ dissemination of SEC filings,
but find limited evidence consistent with this prediction. In additional,
planned analyses, we find evidence in some specifications that XBRL could
substitute for scriptability, at least with respect to our task-based measures.
However, given limited evidence in our main tests that scriptability affects
10-K filing processing, it is perhaps unsurprising that we find little evidence
regarding the interaction of XBRL data with scriptability. Finally, the associ-
ation between scriptability and information asymmetry varies considerably
depending on the measurement window, form type, and aspect of script-
ability examined.

Our proposed research provides several important contributions to the
accounting and finance literature. Perhaps most importantly, our study is
one of the first to examine programmatic extraction (i.e., mining) of data
from firm disclosures. By providing detailed insights into the data and meta-
data quality of firm disclosures, we lay the groundwork for future research
to explore how scriptability affects information processing. Although all of
our results are based on cross-sectional analyses, and thus might be subject
to omitted variable concerns, one takeaway from our study is that differ-
ent aspects of scriptability likely affect information processing in different
ways, making a single-measure construct, such as CompScript, inappropriate
in some settings. We encourage future researchers examining scriptability
to choose components of our measure that fit their research questions and
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the nature of their tests. Additionally, our analysis broadens the scope of
literature suggesting that lower information processing costs facilitate ef-
ficient capital allocation (e.g., Lundholm, Rogo, and Zhang [2014]). Our
examination of the role of technology in alleviating these costs informs reg-
ulators increasingly focused on information processing costs as an impedi-
ment to capital formation and as a source of information asymmetry among
market participants (Flannery [2015]). Our study also informs regulators’
ongoing efforts to improve disclosure quality from a “machine-readable”
perspective by suggesting that the electronic quality of regulatory filings is
associated with their usefulness.

APPENDIX

Description of Variables Used in the Analysis of Scriptability

Note that variable names appearing in braces refer to variable names
used by data source in brackets.

Key Variables of Interest

CompScript Composite measure of disclosure scriptability that equals the average of
task-based measures IdentifyData and Datalolnformation. See online
appendix A for detail [EDGAR].

IdentifyData The ease with which a program can identify data. See online appendix A
for detail [EDGAR].

Datalolnformation  The ease with which a program can transform data to usable
information. See online appendix A for detail [EDGAR].

% AbSpread” The ratio of the bid-ask spread measured w following the disclosure
divided by the spread measured 60 seconds prior to disclosure. w
equals five minutes, 60 minutes, or 24 hours [TAQ].

% Tagged The number of numeric XBRL tags in the filing divided by number of
unique numbers in the document [EDGAR].
Dissem Equals 1 if DJ disseminates at least one newswire in the 24 hours

following filing receipt by the SEC, denoted by the “Accepted”
timestamp. If more than one newswire occurs within 24 hours of two
or more filings by the same firm of the same form type, we assume the
disclosure closest to the newswire was the one disseminated.

To mitigate the risk of erroneously matching newswires to filings, we
require newswires to contain one of the following in the headline or
lead paragraph:

1. Category of form type. Specifically, we search for “10K,” “10-K,” or
“Annual Report” for all form 10-K variants; “10Q,” “10-Q,” or
“Quarterly Report” for all form 10-Q variants; “8K,” “8-K,” or “Press
Release” for all form 8-Ks; and “Proxy,” “DEF 14A,” or “DEF14A”
for all form DEF 14As.

2. The specific form type of the filing if different from the category
(e.g., 10-KSB, etc.).

3. Some combination of “SEC” and “filing” or “filed” [DOWJONES].

(Continued)
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Key Variables of Interest

IPTP® Ranked abnormal price-based IPT measure. We first calculate the price
IPT as the area under the price response curve over the first w
minutes following a disclosure, where w equals five minutes (“5m”),
60 minutes (“60m”), or 24 hours (“24h”). We use effective returns
based on quoted midpoints of bids {bid} and offers {ofr} to compute
returns over each window. We exclude quotes with nonnormal quote
conditions {qu_cond = A, B, H, O, R, and W}, quotes where the bid is
greater than or equal to the offer for any exchange or market maker,
quotes where the spread exceeds $5.00 and the bid (offer) price is less
(greater) than the previous midpoint —$2.50 (previous midpoint
+$2.50), cases in which trading has been halted, and quotes where
the bid (ask) price or bid (offer) size {bidsiz, asksiz} is zero or missing.
We use the National Best Bid and Best Offer (NBBO) at each minute
in our measurement window. Since Holden and Jacobsen [2014] find
that NBBO data in TAQ) is incomplete, we use their procedure to
compute the NBBO. SAS code to perform this computation is
available at http://kelley.iu.edu/cholden/ (as of April 14, 2016). For
the five minute (60 minute) window, we require the disclosure to be
filed by five minutes (60 minutes) prior to the end of TAQ’s
after-hours trading data. For the 24-hour window, we consider all
filings since all include a postmarket, overnight window. We then
adjust this IPT measure by a “normal” IPT measure, computed as the
mean price IPT over the previous 52 weeks for the same minute, hour,
and day as that of the filing. Finally, we decile-rank these IPT
measures by year, by form-type [TAQ].

IPTV Ranked abnormal volume-based IPT measure. We first calculate the
volume IPT as the area under the cumulative volume curve over the
first w following a disclosure, where w equals five minutes (“5m”),

60 minutes (“60m”), or 24 hours (“24h”). We compute CV based on
executed trades from TAQ {size}. For the five-minute (60-minute)
window, we require the disclosure to be filed by five minutes (60
minutes) prior to the end of TAQ’s after-hours trading data. For the
24-hour window, we consider all filings since all include a postmarket,
overnight window. We then adjust this IPT measure by a “normal” IPT
measure, computed as the mean volume IPT over the previous 52
weeks for the same minute, hour, and day as that of the filing. Finally,
we decile-rank these IPT measures by year, by form-type [TAQ].

NewsDelay Minutes elapsed between the SEC’s “Accepted” timestamp and the
newswire identified for Dissem. NewsDelay is only defined for filings
where Dissem equals 1 [DOWJONES].

StandardTags One minus the proportion of extended XBRL tags (i.e., tags not in a
standard FASB taxonomy) to total XBRL tags in the filing [EDGAR].
TagQuality The proportion of XBRIL-quality dimensions identified as “OK” by

xbrlcloud.com’s EDGAR Dashboard [XBRLcloud].

( Continued)
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Other Variables

#EAs

#lilings

%IH

Age

BTM
CapEx

Distress

DJLength
FileCluster
FileLag

FinComplex

Follow

Growth

HTI

HTML

Lev

Number of earnings announcements occurring in the three-day window
surrounding the filing. Compustat {rdq} is used to measure #IAs
[Compustat].

Natural log of the total number of SEC filings occurring in the two-hour
window surrounding the disclosure [EDGAR].

The percentage of shares held by institutions {instown_perc} reported
by Thomson Reuters Stock Ownership Summary as of the 13F reports
filed closest, but prior, to the disclosure [Thomson Reuters].

Firm age, measured as the natural log of firm age, measured as the
number of years between the filing date and the earliest date the firm
appears in Compustat [Compustat].

Firm’s book-to-market ratio {ceqq/ (prccq x cshoq)} as of the end of the
quarter ending closest, but prior, to the filing [Compustat].

Capital expenditures scaled by assets {capx/at} for the fiscal year ending
closest, but prior, to the filing [Compustat].

The inverse of financial strength, measured as the decile rank of
Altman’s [1968] z-score (1.2({act-Ict}) /{at} + 1.4({re/at}) +
3.3({ebit/at}) + 0.6({prcc_fxcsho}) / ({dltt+dlc}) + 1.0({sale/at}) as of
the end of the fiscal year ending closest, but prior, to the date of the
filing. If act (Ict) is missing, we use the difference between total assets
{at} and gross PP&E {ppegt} (total liabilities {It} and long-term debt
{dltt}) instead [Compustat].

Natural log of the number of words in the D] news article
[DOWJONES].

Number of filings received by the SEC in the 60 seconds prior to the
filing of interest [EDGAR].

Number of days from fiscal year-end to 10-K filing date for 10-K filed
closest, but prior, to current filing [EDGAR].

Firm financial complexity, measured as the logarithm of the number of
nonmissing items in the Compustat Annual file for the fiscal year
closest, but prior, to the filing [Compustat].

The natural log of one plus the number analysts following the firm at
the time of the disclosure, proxied for using the number of estimates
{numest} for the current fiscal year’s EPS {fpi = 1} included in the
monthly IBES summary file dated closest, but prior, to the date of the
filing [IBES].

Sales growth, measured as the average percentage increase in sales {revt}
over the last year. For firms with missing values, we use the industry
median for that year [Compustat].

Indicator equaling 1 if primary SIC code {sic} for firm is in technology
industries, and 0 otherwise. Industries include SIC code ranges:
3661-3669, 3571-3579, 7370-7379, 3670, 3500, 3600, 3810-3870, and
3840-3849 [Compustat].

Indicator variable equaling 1 if disclosure is prepared using HTML
encoding, and 0 otherwise [EDGAR].

Long-term debt scaled by total assets {(dltt + dlc) /at} as of the end of
the quarter ending closest, but prior, to the filing [Compustat].

(Continued)
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Other Variables

Lit Indicator equaling 1 if primary SIC code [sic] for firm is in
high-litigation risk industries. These industries include the following
SIC code ranges: 2833-2836, 3570-3577, 3600-3674, 5200-5961,
73707374, and 8731-8734 [Compustat].

Loss An indicator variable equal to 1 if net income {niq} for the quarter
ending closest, but prior, to the filing was less than 0, and 0 otherwise
[Compustat].

News The natural log of the number of news articles mentioning the firm

appearing in the D] News Archives during the 90 days (one quarter)
ending the day prior to the filing [DOW JONES].

OpComplex Firm operating complexity, measured as the log of the sum of the
number of operating and geographic segments reported in
Compustat’s Annual Segments file for the fiscal year closest, but prior,
to the filing [Compustat].

Opinion Equals 1 for any disclosure issued in a year following a nonstandard
audit opinion {auop not equal to 1}, and 0 otherwise [Compustat].
ROA Return on assets for the quarter ending closest, but prior, to the filing,

calculated as net income before extraordinary items {ibq} divided by
total assets {atq} [Compustat].

Size Firm size, measured as the log of the market value {prccq x cshoq} of
equity as of the end of the fiscal quarter closest, but prior, to the filing
[Compustat].

Top25FA Indicator variable equaling 1 if the firm filing is prepared by one of the

top 25 filing agents for that calendar year for that form, and 0
otherwise [SECFILE.COM/EDGAR].

Volatility The standard deviation of logged daily returns (i.e., In(14{ret}) over the
60 trading days prior to the filing, annualized by multiplying by the
square-root of 252 [CRSP].

Volume The natural log of the average daily trading volume {vol} over the 90
days preceding the disclosure [CRSP].
Watermark Indicator variable equaling 1 if the filing contains a preparer’s
electronic watermark, and 0 otherwise [SECFILE.COM/EDGAR].
XBRL Equals 1 for filings with XBRL metadata and 0 otherwise [EDGAR].
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