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Abstract

We study the descriptiveness of the “unravelling” prediction in the 1890s streetcar in-
dustry. In this historical setting, capital-intensive streetcar companies gain the oppor-
tunity to disclose their earnings to dispersed investors via a new, quarterly newspaper
supplement. We document that a quarter of the companies withhold their earnings
from the first supplement, inconsistent with the “unravelling” prediction. However,
almost all these companies start disclosing within the next couple of supplements, with
the relatively-better companies among the remaining non-disclosers initiating disclo-
sure and leaving the pool of non-disclosers each quarter. We interpret these stylized
facts through the lens of a disclosure model featuring level-k thinking. Our model
estimates that a substantial share of the companies employs a lower level of strategic
thinking in the first supplement. This deviation from rational expectations appears to
explain the initial failure of the “unravelling” prediction. Over time, companies appear
to adopt higher levels of thinking, contributing to the rapid convergence to an (almost)
full disclosure equilibrium. Collectively, our evidence is consistent with market forces
yielding an (almost) full disclosure equilibrium in the medium to long run through
repetition and learning.
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1 Introduction

Corporate disclosure mandates are pervasive. Yet, the need for these mandates is of-

ten challenged (e.g., Ben-Shahar and Schneider, 2014; Loewenstein et al., 2014; Leuz and

Wysocki, 2016). Most prominently, the “unravelling” result of Ross (1979), Grossman (1981),

and Milgrom (1981) suggests that companies find it worthwhile to disclose even absent man-

dates. The descriptiveness of this analytical result, however, remains unclear. For one, it

relies on a number of strong assumptions (e.g., Beyer et al., 2010). For another, it is challeng-

ing to test, as most relevant corporate disclosures have been mandated since the Securities

Exchange Act (SEC) of 1934 (e.g., Greenstone et al., 2006).

To learn about the descriptiveness of the “unravelling” result, we examine the disclosure

behavior of companies in an unregulated environment, before the SEC era. We focus on

the streetcar industry in the 1890s, a capital-intensive industry that experienced a boom

during that decade due to electrification. The electrification and expansion made it the chief

mode of urban transport and created investment opportunities for national and even inter-

national investors. To satisfy investors’ demand for information about the new investment

opportunities, the Commercial & Financial Chronicle (the Chronicle, hereafter), the main

source for financial news at the time, started issuing a quarterly supplement dedicated to

reporting company-specific information on almost all existing streetcar companies. This new

publication outlet allows studying the beginning of the streetcar industry’s disclosure game

and its evolution, a rare feat in real-world settings outside of controlled lab experiments.

The “unravelling” result predicts that streetcar companies, even absent a disclosure man-

date, would willingly disclose their types to investors via the Chronicle’s supplement, because

they expect sceptical investors to take non-disclosure as the worst possible signal about a

company’s type. The streetcar industry with its new publication outlet constitutes a suitable

real-world testbed for this “unravelling” prediction. It provides an early setting in which

capital-intensive companies issued securities to a broad set of external investors absent any

disclosure mandates. Moreover, it allows investigating the voluntary disclosure of earnings,
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a key measure of companies’ types, in a comprehensive and central publication outlet. Early

investment advice for streetcar investors singled out earnings relative to invested capital as

a fundamental ratio for assessing type among streetcar companies (e.g., Thompson, 2017).

Given the homogeneous nature of the industry, this ratio is particularly useful for comparing

streetcar companies’ relative types.

The “unravelling” prediction rests on the assumptions that (a) investors know that com-

panies possess private information about their types; (b) disclosures are costless; (c) disclo-

sures are credible; and (d) companies and investors have rational expectations about each

others’ disclosure and valuation decisions.1 The institutional details of the streetcar industry

plausibly approximate several of these assumptions. Investors can expect streetcar compa-

nies to know such basic information as their earnings (supporting (a)). The direct costs of

disclosures are borne by the subscribers of the Chronicle, not the companies providing dis-

closures, and the indirect costs of disclosures (e.g., political and proprietary costs) are likely

limited (supporting (b)).2 Finally, the disclosures are likely credible as the Chronicle, known

as a trusted source of financial information at the time (e.g., Dewing, 1914; Bernheim and

Schneider, 1935), put substantial effort into obtaining information that was not only compre-

hensive, but also accurate (supporting (c)). In support of this argument, we document that

earnings (scaled by invested capital) reported in the Chronicle were highly value relevant,

explaining a remarkable 58% of the cross-section of investors’ stock price valuations.

The descriptiveness of the “unravelling” prediction in the streetcar industry accordingly

hinges on the assumption of rational expectations. Unlike the assumptions about private

information endowment (e.g., Dye, 1985; Jung and Kwon, 1988), disclosure costs (e.g., Jo-

1Beyer et al. (2010) spells out a number of further model primitives, including the assumption that
companies care about investors’ valuation and that investors interpret disclosures in a homogeneous way.
These primitives align with our setting, which features capital-intensive companies disclosing earnings—a
pivotal piece of information with a clear mapping into value—to their dispersed investors.

2Several institutional features suggest indirect disclosure costs were of limited concern. The Chronicle,
which commanded a relatively high price from its subscribers, was specifically targeted at investors, not
regulators or competitors. In addition, local regulators and competitors, unlike more distant investors, could
already assess the profitability of streetcar companies given the simple business models and locally observable
utilizations, rendering the disclosures in the Chronicle redundant for regulators and competitors.
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vanovic, 1982; Verrecchia, 1983), and disclosure credibility (e.g., Crawford and Sobel, 1982;

Stocken, 2000), the rational expectations assumption, albeit quite stark, has received little

attention in the corporate disclosure literature to date. It requires that companies and in-

vestors, in equilibrium, correctly anticipate each others’ disclosure and valuation decisions.3

This assumption appears particularly demanding for the streetcar companies in our setting,

which are experimenting with public disclosure for the first time upon the Chronicle’s initia-

tion of its supplement. For these companies, the best disclosure policy crucially depends on

their beliefs over what the other companies and investors will do. This higher-order belief

formation is challenging for a decision which has not been made or observed before, accord-

ing to lab evidence in the economics literature (e.g., Bosch-Domènech et al., 2002; Camerer

et al., 2004; Crawford et al., 2013).4 The lab evidence documents an initial failure of ra-

tional expectations and subsequent belief revisions in games like the streetcar companies’

disclosure game (e.g., Nagel, 1995; Stahl, 1996). According to this literature, a violation of

the rational expectations assumption can lead to a breakdown of the “unravelling” result,

at least initially, while the companies are still trying to understand the disclosure game and

update their beliefs.

To examine the evolution of the disclosure equilibrium in the streetcar industry, we collect

information on streetcar companies covered in the Street Railway Journal ’s first annual

supplement from June 1894 and the Chronicle’s first eight quarterly supplements from March

1895 to November 1896. We obtain information on companies’ earnings disclosures, invested

capital, and location using a combination of automatized optical-character recognition and

manual checking and collecting of scans of the historical documents archived by the Federal

3Rational expectations require both rationality and common knowledge. Rationality means that compa-
nies and investors are utility maximizers. Common knowledge means that all companies and investors know
that everyone is a utility maximizer and correctly anticipate each other’s best responses (Reny, 1988).

4In contrast to the disclosure decision of streetcar companies, the rational expectation assumption is
likely more descriptive for the valuation decision of investors. The investors have prior experiences regarding
the relation of disclosure and valuation from railroad companies. Moreover, their valuation decision is less
strategic and more straightforward. As long as they have a sense for the distribution of types, they can
value disclosing companies according to their disclosed types and non-disclosing companies according to the
average type of non-disclosing companies.
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Reserve Bank of St. Louis (available on FRASER) and university libraries (available on

HathiTrust Digital Library). The time-series dimension of our data allows us to investigate

potential dynamics in companies’ disclosure decisions, which are possibly due to deviations

from rational expectations and belief revisions.

The historical streetcar data reveal three striking descriptive findings. First, about 75

percent of companies disclose in the first supplement. Second, the disclosure rate increases

rapidly to reach almost 100 percent by the time the eighth Chronicle supplement is issued

(i.e., within two-and-a-half years).5 Third, there is a steady decline over time in the average

company type among non-disclosing companies, where each company’s type is proxied by

the earnings-over-capital ratio reported in the eighth Chronicle supplement.6 These findings

are inconsistent with immediate “unravelling,” but suggest that the “unravelling” prediction

may be descriptive in the medium to long run, as relatively better companies appear to

successively leave the pool of non-disclosing companies.

To better understand the aggregate disclosure dynamics, we estimate a discrete choice

model which allows for, but does not impose, deviations from rational expectations. As a

specific version of deviations from rational expectations, we use level-k thinking, an iter-

ative best response model, following an extensive behavioral game theory literature (e.g.,

Nagel, 1995; Crawford et al., 2013; Crawford, 2019). Under level-k thinking, some compa-

nies may fail to form rational expectations because they stop short of iterating through other

companies’ best disclosure responses and investors’ best valuation responses. Companies em-

ploying level 0 thinking, for example, neglect any strategic behavior of other companies and

investors. Accordingly, they act as if they randomize their disclosure decision. Level 1 com-

5The sample for this stylized fact includes companies that never report their earnings in our sample
period. We know of these companies since they are reported in the newspaper supplements. Both the Street
Railway Journal and the Chronicle listed companies for which they lacked earnings information. For both
newspapers, their stated goal was to cover all streetcar companies in America, and to that end they would
list companies for which they had very little information.

6We use the earnings-over-capital ratio (i.e., return on invested capital, where capital includes stocks and
bonds outstanding) as reported in the eighth Chronicle supplement as a cross-sectional measure of companies’
types. Any change in the average type among the non-disclosing companies over time accordingly reflects
changes in the composition of the pool of non-disclosing companies.
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panies, by contrast, understand that, if all companies randomize their disclosures, strategic

investors expect non-disclosing companies to be of average type. Accordingly, level 1 com-

panies disclose only if their type is above average. Level 2 companies further understand

that, if above-average companies disclose, strategic investors expect non-disclosing compa-

nies to be of below-average type. As a result, level 2 companies even disclose if they are of

below-average type, but of higher type relative to the average of the below-average types.

Following this iterative thinking, the disclosure threshold that companies use declines with

their level of strategic thinking. The highest level of thinking (k = ∞) iterates through all

levels of best responses, ultimately arriving at the familiar “unravelling” response.

The estimates from our model uncover evidence consistent with lower levels of strategic

thinking contributing to the failure of full “unravelling” in the Chronicle’s first supplement.

The model further shows evidence of learning over time (e.g., Stahl, 1996), estimating that

the streetcar companies adopted higher levels of thinking in the later supplements and ad-

justed their thinking toward levels that, for the previous supplement, implied disclosure

thresholds closer to the ex post optimal threshold. This apparent learning is consistent with

evidence from lab experiments (e.g., Nagel, 1995). Strikingly, it is also consistent with the

Chronicle’s assessment of the situation (Commercial & Financial Chronicle, 1894, p. 1):

“The newly-organized ‘traction companies’ [i.e., streetcar companies] to some de-
gree partake of the disinclination of the old companies to give to the public
the information to which it is properly entitled. Eventually, most of the com-
panies will learn that it is of incalculable value to them to possess the full confi-
dence of the investing public, and that such confidence can never be secured
so long as full and intelligible reports and frequent statements of earnings
are withheld. At present not a few organizations treat requests for data respecting
their finances in a manner that shows a lack of knowledge regarding their best
interests. [W]e believe the policy adopted is short sighted.” (emphasis added)

Our estimates and inferences are robust to accounting for a common disclosure cost, ran-

dom company-time varying disclosure benefits, and controls for time-varying competition

and capital raising. This robustness allays concerns that our level-k thinking and learning

estimates capture omitted differences in disclosure costs and benefits, or changes in funding
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needs and investment opportunities over time. We further compare the fit of our model,

allowing for deviations from rational expectations and learning over time, with the fit of a

nested model restricting companies to rational expectations at all times. Compared to the ra-

tional expectations model, our model exhibits a significantly higher model fit (log-likelihood),

even after accounting for differences in the number of model parameters. This comparison

suggests that heterogeneity in beliefs and learning appear relevant for understanding the

disclosure dynamics in the streetcar industry.

Our paper contributes to the disclosure literature by examining the seminal “unravelling”

result in a real-world setting. Prior literature investigates the impact of uncertainty over

companies’ information endowment (e.g., Dye, 1985; Bertomeu et al., 2020b), disclosure costs

(e.g., Verrecchia, 1983; Berger, 2011; Li et al., 2018), and disclosure credibility (e.g., Stocken,

2000; Rogers and Stocken, 2005; Ball et al., 2012) on their voluntary disclosure decisions.

We complement this literature by focusing on another important assumption underlying the

“unravelling” result: rational expectations. While lab experiments consistently show that

deviations from rational expectations can lead to an (initial) breakdown of the “unravelling”

result (e.g., Nagel, 1995), we document some of the first evidence of the impact of deviations

from rational expectations on disclosure in a real-world corporate setting. In this vein, our

paper adds to the growing literature on the impact of informational constraints on companies’

disclosure behaviors (e.g., Gassen and Muhn, 2018).

Our paper provides a new explanation for disclosure dynamics. Several empirical papers

document changes in disclosure rates over time (e.g., Heitzman et al., 2010; Berger et al.,

2019; Gassen and Muhn, 2018). Theoretical work on disclosure dynamics, however, is still

scarce (for notable exceptions, see, e.g., Einhorn and Ziv, 2008; Bertomeu and Liang, 2008;

Guttman et al., 2014; Bertomeu et al., 2015; Zhou, 2020). We propose and test a novel

explanation for disclosure dynamics based on deviations from rational expectations and

learning. While we use a particular model of boundedly rational expectations, we explicitly

rely on an established model with “strong experimental support, which allays the concern
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that once one departs from equilibrium, ‘anything is possible’” (Crawford and Iriberri, 2007,

p. 1724). We acknowledge that other models with similar ingredients, including rational

Bayesian updating with heterogeneous priors, could provide similar predictions. Accordingly,

we do not purport to estimate the one true model. We rather propose one novel way of

looking at the data through the lens of a workhorse model in the behavioral game theory

literature.

Our paper is related to and borrows from several strands of the literature. It is re-

lated to the burgeoning literature using structural estimation with the goal of assessing the

descriptiveness of seminal disclosure theories and uncovering fundamental parameters of in-

terest (e.g., companies’ private information endowment, disclosure costs, or beliefs) (e.g.,

Bertomeu et al., 2015, 2020a; Beyer et al., 2019; Bertomeu et al., 2020b; Zhou, 2020). It

is also related to the growing literature on the importance of bounded rationality (e.g.,

Hortaçsu et al., 2019; Farhi and Werning, 2019; Garćıa-Schmidt and Woodford, 2019) and

learning (e.g., Fudenberg and Levine, 2016; Doraszelski et al., 2018; Freedman and Jin, 2018)

for understanding the evolution of equilibrium outcomes in real-world markets. Finally, our

paper follows the example of studies using historical settings to learn about how funda-

mental market forces shape companies’ actions (e.g., Pownall and Waymire, 1989; Ely and

Waymire, 1999; Sivakumar and Waymire, 2003; Barton and Waymire, 2004; Anderson, 2015;

Koudijs, 2015, 2016; Steinwender, 2018).7 Our historical setting is characterized by stark

information asymmetries and limited regulation. As a result, the advent of the Chronicle’s

supplements provides a unique opportunity to study the beginning of the disclosure game

of a new industry and its evolution in a real-world setting. Unlike in today’s world charac-

terized by extensive disclosure mandates, alternative information sources, and instantaneous

information dissemination (e.g., via the internet), in our historical setting, voluntary reports

of earnings via the Chronicle’s quarterly supplements were companies’ primary way to dis-

7Closely related to our paper, Barton and Waymire (2004), in a historical setting, find that, absent
regulation, companies voluntarily increase the quality of their disclosures in response to investor demand.
For an overview of historical research on accounting, see Waymire and Basu (2008).
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close to dispersed investors and, likewise, dispersed investors’ primary source of financial

information about the companies. These features of our historical setting improve the fit

between our empirical setting and the theory of interest. The flip side of this benefit is the

potentially-limited generalizability of our findings. We note, however, that the tested theory

should generalize to other settings and that limited strategic thinking and informational

constraints appear to matter even in today’s world (e.g., Levine et al., 2017; Gassen and

Muhn, 2018; Drake et al., 2019; Blankespoor et al., 2020).

2 The “Unravelling” Prediction

Information asymmetries between companies and investors can hamper the allocation of

capital. If investors cannot discern the type of companies at the time of their investment,

they are concerned that only low-type companies would accept their investment terms (e.g.,

Akerlof, 1970). This adverse selection concern can lead to a breakdown of capital markets.

This breakdown is unfavorable for both investors and companies. Accordingly, Ross (1979),

Grossman (1981), and Milgrom (1981) demonstrate that companies have an incentive to

disclose their type to investors to allay adverse selection concerns. Notably, they show that

all, but possibly the worst companies will disclose their type. This so-called “unravelling”

result suggests market forces can solve the information asymmetry issue.

The “unravelling” result obtains because investors are sceptical about companies’ types.

Absent any disclosures, they at most bid a value corresponding to the value of the average

company type. This value is below the value of the best company type. The best company

type, accordingly, has an incentive to disclose its type to obtain its actual value. Anticipating

the best company’s disclosure decision, the next best company also has an incentive to

disclose, because, absent disclosure, it would be pooled with the remaining non-disclosing

companies, which are of relatively lower type. This “unravelling” process continues until

everyone, but possibly the worst company type, discloses. Notably, even bad company types
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disclose, because they anticipate this “unravelling” behavior of other companies, leaving

them with no better option than to also disclose to not be pooled with the worst type.

This “unravelling” result rests on the assumptions that (a) investors know that companies

are privately informed about their types; (b) disclosures are costless; (c) disclosures are

credible; and (d) companies and investors have rational expectations about each others’

disclosure and valuation decisions.

The robustness of the “unravelling” result to violations of its central assumptions has been

studied extensively in the literature. The literature documents that both uncertainty about

information endowment (e.g., Dye, 1985; Jung and Kwon, 1988) and disclosure costs (e.g.,

Jovanovic, 1982; Verrecchia, 1983) limit the extent of “unravelling.” Both violations provide

a rationale for companies to abstain from disclosing even if they are not the worst type. This

non-strategic rationale for non-disclosure reduces investors’ scepticism about the type of non-

disclosing companies, creating scope for some lower company types to pool with the higher

company types abstaining from disclosure for non-strategic reasons. Accordingly, uncertainty

about information endowment and disclosure costs lead to a threshold equilibrium where

higher types disclose, but some lower types do not.

With respect to disclosure credibility, the cheap talk literature documents that compa-

nies can communicate information to investors via disclosures even if their disclosures are

not perfectly credible or verifiable (e.g., Crawford and Sobel, 1982; Stocken, 2000). The

amount of information companies can communicate, though, declines in the extent of non-

credibility/verifiability of disclosures and the incentive misalignment between companies and

investors. In the extreme case of non-credible disclosures and severe misalignment, any dis-

closures of companies are uninformative to investors (“babbling” equilibrium).

The rational expectations assumption has received less attention in the disclosure lit-

erature (e.g., Sunder, 2002). The behavioral game theory literature, however, documents

systematic deviations from rational expectations in games resembling the cognitive tasks
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faced by companies and investors (e.g. Crawford, 2019).8 In guessing games, players (akin

to companies), tasked with guessing a quantity which depends on other players’ guesses,

tend to fail to correctly anticipate other players’ responses (e.g., Nagel, 1995). In disclosure

games, players (akin to investors), tasked with valuing the assets of players who can dis-

close their type, tend to be insufficiently sceptical about the type of non-disclosing players

(e.g., Jin et al., 2015). These deviations are attributed to the difficulty of forming higher

order beliefs about other players’ actions. They lead to less disclosure than predicted by the

“unravelling” result, especially in initial rounds of play. In repeated rounds, players appear

to update their belief, ultimately resulting in an equilibrium more closely resembling the

cognitively demanding “unravelling” equilibrium.

Given these potential deviations from the “unravelling” result, its descriptiveness for the

amount (full vs. partial) and timing (immediate vs. delayed) of disclosure in a real-world

setting is an empirical question.

3 The Streetcar Industry

3.1 Institutional Background

In the late 1880s and early 1890s, electrification enabled the rise and expansion of street-

car companies, making them the chief mode of urban transport (Gordon, 2017). A streetcar

company (also referred to as a “street railway” or a “traction company”) would lay track

on a city’s streets, and provide transportation to the city’s residents by running streetcars—

typically powered by overhead wires—along these tracks. (Figure 1 shows what a street-

car looked like.) The electrification and expansion was financed by “enormous amounts of

8For formal exactness, we note that the “unravelling” result does not require the full force of Nash-
equilibrium reasoning, as a strategy based on the iterative elimination of weakly dominated responses is
sufficient to arrive at the “unravelling” result, given knowledge about the payoffs. The knowledge of the
payoffs depends on the correct anticipation of other players’ actions though. This requirement (i.e., common
knowledge) is likely to be quite demanding in the initial rounds of play.
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capital” (Commercial & Financial Chronicle, 1895a, p. 4).9 A substantial part of this

financing—roughly a quarter of all money invested in American streetcar systems—was

raised from dispersed investors in the East of the United States and even abroad, from

England, Scotland, and Germany (Higgins, 1895, pp. 1-2).10

Absent disclosure mandates, dispersed investors’ demand for information was served

by business newspapers such as the Commercial & Financial Chronicle.11 The Chroni-

cle, founded in New York City in 1865 following the example of The Economist in England,

published weekly issues summarizing general economic news, reporting railroad and other

company earnings and financial statements, and tabulating stock, bond, and commodity

market data. It was was regarded as the premier source for financial information in the

United States of the time.12 In 1895, the Chronicle charged readers twice as much as the

Wall Street Journal for a subscription, and it had twice the circulation (N.W. Ayer & Son,

1895, pp. 539 and 557).

In March 1895, the Chronicle started publishing quarterly supplements focused exclu-

sively on the streetcar industry (Figure 2). These supplements, which were motivated by

frequent investor requests, aimed at providing a comprehensive overview of all available

streetcar companies and their financials.13 Only one other publication before had dedicated

9The 1890s was a period of economic depression in the United States. However, it seems that the street
railways were a bright spot in this depression, which might explain why they were able to raise capital, and
why the Chronicle decided to devote an entire supplement to them. According to the Chronicle (Commercial
& Financial Chronicle, 1895a, p. 4): “It is thus clear that there are various ways in which the traffic of the
street railways may diminish in a period of depression. But thus far certainly these roads—speaking of them
as a whole—have done remarkably well. Through the change in their motive power which so many of them
have made during the last few years they have been able to add so very largely to their traffic that the effects
of the depression in trade do not appear to any great extent in the results of their operations.”

10“Within a very brief period, horse railroads of small earnings capacity have been supplanted by rapid-
transit lines commanding a largely increased income. The former were of merely local interest, but the latter
appeal to capitalists everywhere.” (Commercial & Financial Chronicle, 1895a, p. 3).

11Streetcar companies in Massachusetts, New Hampshire, and Connecticut were required to report to
regulators. We discuss the implications of this regulatory requirement and assess the robustness of our
findings to the exclusion of companies from these states in section 5.2.1.

12Dewing (1914, p. 12) says, “Distinctly the most useful publication that we have is the Commercial
and Financial Chronicle. Its accuracy is striking. Over and over again the present writer has compared
original reorganization plans and corporate reports with the Chronicle digests, and almost without exception
no important error has been discovered.” Bernheim and Schneider (1935, p. 619) describe the Chronicle as
a carefully prepared, relatively complete source of financial news.

13“Frequently of late we have been urged to give more attention to this subject, until at last we have deter-
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an issue to the financials of the streetcar industry (the Street Railway Journal ’s supplement

from June 1894, which is included in our sample), and no other publication produced such

an issue as frequently as the quarterly supplement provided by the Chronicle.

The key financials provided in the supplements were companies’ earnings and their in-

vested capital (i.e., both stock and bonds outstanding). This information was obtained

directly from companies or indirectly from related sources. Notably, investment advice at

the time singled out earnings relative to invested capital or miles of track as the most rele-

vant ratios for assessing the quality or type of streetcar companies (e.g., Thompson, 2017).

These ratios were particularly useful for assessing the relative type of streetcar companies

given the industry’s basic and homogeneous business model. In support of this argument,

we document that streetcar companies’ reported earnings relative to invested capital were

strongly positively related to stock prices, explaining a remarkable 58% of the cross-section

of stock prices (Figure 3).14 The ability of return on invested capital to explain so much of

the stock price allays potential concerns that investors did not view the earnings as credi-

ble, or that they did not view the invested capital reported in the supplements as a correct

representation of the amount actually invested.15

The Chronicle’s supplements on the streetcar industry provide a unique testbed for the

“unravelling” prediction in the real world. They provided an important industry, which relied

heavily on external capital, with a heretofore unavailable way to disclose key financials to

dispersed investors on a regular basis.16 This feature not only allows us to examine the

mined to do so, limiting our efforts only by what we may discover to be the requirement of our subscribers.”
(Commercial & Financial Chronicle, 1894, p. 1).

14The close relationship between the reported ratio and stock prices highlights the relevance and credibility
of companies’ accounting information for investors at the time. Unlike today’s accounting information, which
explains about 20% of stock price variation (e.g., Shao et al., 2020), the accounting information disclosed in
the Chronicle was one of the main sources of information for dispersed investors.

15The stock outstanding reported in the supplements is reported at par value. Par was often set higher
than the amount actually invested in the companies, meaning that the denominator of our return on invested
capital measure could be viewed as inflated (e.g., Commercial & Financial Chronicle, 1896, p. 8). The
concern would be that our measure does not reflect how investors measured company performance, and
therefore does not provide a good measure of company type for our analysis. This concern is allayed by
the fact that return on invested capital, even with this possible distortion, explains so much of the stock
price—indicating that investors likely did use a measure like it to assess performance.

16The Chronicle was available to investors in both Europe and the U.S., and it was likely one of the main
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extent of disclosures at the initiation of the supplements, but also its evolution over time.

Another important feature of the streetcar setting is its arguably close approximation

of key assumptions underlying the “unravelling” result, which include: (a) that investors

know that companies possess private information about their types, (b) that disclosures are

costless, and (c) that disclosures are credible. First, investors could confidently expect com-

panies to know such basic financial information as their earnings (supporting (a)). Second,

the costs of disclosure to the streetcar companies were limited (supporting (b)). The direct

cost of disclosure was borne by the Chronicle itself, not the disclosing companies. Any in-

direct proprietary costs, from competitors or public officials reading the disclosures in the

Chronicle, were unlikely to be substantial. For one, the supplements were explicitly targeted

at dispersed investors, not local competitors or regulators. For another, local competitors

and regulators could already gauge companies’ earnings capacity by observing streetcar com-

panies’ utilization and fare tickets, even absent disclosures in the supplements.17 Lastly, the

disclosures could be expected to be credible (supporting (c)). The Chronicle had a reputa-

tion for being a credible source of financial information.18 The extent of misrepresentation

of earnings, moreover, was limited by local observers’ ability to check and verify the com-

panies’ profitability, given the visible utilization by passengers, known fares, and the basic

business model. In support of these arguments, we document the value relevance of compa-

sources of information for most investors. As late as 1935, Bernheim and Schneider (1935, p.615) assert
that, “It is very largely through the financial press in its various aspects that the mass of data having a direct
and definite bearing upon investment and speculative policies reaches the public. Even customers’ men in the
brokerage houses, investment counselors and others who give advice on investment and kindred subjects are
in very large degree dependent upon the press for much of their information.”

17In 1895, President Noyes of the Maine Savings Bank Association, asserted that local observers could
learn “all the facts” needed to value a streetcar company (Commercial & Financial Chronicle, 1895b, p.
9): “The great reason, he [Mr. Noyes] said, why he thought so highly of street railways [as investments for
savings banks] was because the value of the property is more easily ascertained than the value of the bonds
of a trunk line. It can be more easily comprehended. “A few hours’ walk through the streets of a prosperous
city, the examination of the books showing the earnings of the property, the examination by a street railway
expert of the equipment and motors, etc., puts one in possession of all the facts that are necessary to judge
of the value of a street railway property.””

18While the Chronicle was the best information source for the period, it did not (to the best of our knowl-
edge) audit the companies’ disclosures, so it is possible that it inadvertently reported fraudulent numbers
occasionally. However, by their own account, they did attempt to screen out untrustworthy sources (Com-
mercial & Financial Chronicle, 1894, p. 2): “We [at the Chronicle] cannot publish what is not trustworthy
in character nor what is not respectably complete in detail.”
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nies’ earnings disclosures in Figure 3. Similarly, prior work shows that investors reacted to

earnings disclosures in the pre-SEC era, indicating that investors viewed them as credible

(e.g., Sivakumar and Waymire, 1993, 1994; Porter et al., 1995).

3.2 Historical Data

We collect our data from the first nine supplements that covered the financial results

of the streetcar industry. A scan of the first supplement, produced by the Street Railway

Journal in June 1894, is available on HathiTrust Digital Library. Scans of the next eight sup-

plements, produced by the Commercial & Financial Chronicle from March 1895 to November

1896, are available on FRASER, the digital library maintained by the St. Louis Federal Re-

serve.19 Using a combination of automated optical character recognition (OCR) and manual

collection, we obtain the full list of streetcar companies covered in the supplements, along

with companies’ locations, their stock and bonds outstanding, their decisions to disclose net

earnings, and (for the last supplement in our sample) their reported net earnings.

We code companies as “disclosing” in a given supplement if they disclosed net earnings

in this supplement or in any of the previous supplements.20 We calculate companies’ types

as net earnings over invested capital, a widely used measure of the return on invested capital

(ROIC) (Thompson, 2017). We use the earnings and invested capital information as of the

last supplement to achieve a comprehensive and consistent cross-sectional measure of the

type of companies (Figure 4).21 (For a detailed description of the ROIC measure, along

with the other variables, refer to the Internet Appendix.)

19The Street Railway Journal produced its supplement on an annual basis. We only collected the first
issue of this supplement since the Chronicle, which was a more respected and timely source of financial news,
had already started producing its quarterly supplement by the time the second issue came out.

20We choose the cumulative coding, because we conceptually consider companies’ type to be revealed as
soon as they reported once. In support of this coding, we find substantial persistence in disclosures over our
short sample period.

21We use the last supplement, because at this point we can observe the ROIC for the greatest number
of companies. We consider companies’ types to be reasonably persistent for our sample, since the sample
period only runs from June 1894 to November 1896, and for most of the companies the earnings number
we collect relates to fiscal 1895. In line with this reasoning, we find that net earnings, for the subset of
companies reporting in the first and last Chronicle supplements, are highly persistent (Pearson correlation:
0.97; Spearman correlation: 0.89).
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We impose three important sample restrictions. First, we restrict our sample to streetcar

companies in the Northeast of the United States. These companies operated in a reasonably

homogeneous and established regional and economic environment. They also constituted the

main investment targets for dispersed investors. These features increase the comparability

of companies’ earnings capacity, limit the impact of frontier expansions, and allay concerns

that variation in investor demand or information collection costs (e.g., distance between

companies and the Chronicle) explain companies’ coverage in the supplements. Second, we

restrict our sample period to the first nine supplements (i.e., the first supplement from the

Street Railway Journal and the first eight from the Chronicle), a relatively short period

that covers 30 months from June 1894 to November 1896. By restricting our data to a

narrow, though comparable, sample and time period, we aim to eliminate confounding factors

(e.g., changes in business models, investment opportunities, financing needs) and better

approximate the setup of the theory of interest.22 Third, we restrict the sample to a balanced

panel of companies, which ensures that all companies existed since the first supplement.23

This restriction avoids conflating companies’ disclosure decisions with their decisions to start

operating or raise capital for the first time, or with the Chronicle’s expansion of its coverage.

Related to this restriction, for most of our analyses below, we must further restrict the

sample to companies that disclose their earnings in the last supplement of our sample, which

we use to calculate our cross-sectional measure of company type: the company’s return on

invested capital. Table 2 contains descriptive statistics for the sample we use in our empirical

analysis. (For a detailed description of our sample restrictions, as well as our data collection

22Our narrow-sample approach mirrors the approach taken in much of the industrial organization literature
(e.g., Syverson, 2004; Greenwood and Hanson, 2014). It contrasts with the broad-sample approach taken in
the typical disclosure studies in the accounting and finance literature. Christensen (2019), however, recently
stresses the benefits of the narrow-sample approach over the broad-sample one for studying disclosure issues.

23Companies can be reported in the supplements even though very little information is available for them.
For example, in the first supplement in our sample, there is an entry for the Electric Railway, Light &
Power Co. of Anaconda, Montana; the only information available for this company is the type of capital
equipment it uses and the names of its officers (Street Railway Journal , 1894, p. 6). Similarly, in the second
supplement in our sample, there is an entry for the Cleveland & Akron Electric Railway of Akron, Ohio; for
this company, the only information given is where the company is allowed to build according to its charter
(Commercial & Financial Chronicle, 1895a, p. 9).
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and coding, refer to the Internet Appendix.)

3.3 Stylized Facts

We summarize the disclosure equilibrium in the early streetcar industry and its evolution

in two figures. Figure 5 plots the share of disclosing companies across the supplements,

while Figure 6 plots the average type (ROIC) of the remaining non-disclosing companies

across the supplements. The sample for Figure 6 is the one whose descriptives are depicted

in Table 2; this sample only includes companies for which we have ROIC data. For Figure

5, we augment this sample with companies that never disclose, but otherwise satisfy our

sample restrictions.

The figures uncover three stylized facts characterizing the streetcar industry’s disclo-

sure equilibrium. First, Figure 5 documents that about 75 percent of streetcar companies

disclosed in the first supplement. Second, Figure 5 further documents that the share of

disclosing companies significantly increased over time to reach a high of 95 percent by sup-

plement 7. The increase was particularly strong for the three supplements (i.e., the year)

following the initial supplement. Third, Figure 6 documents that the average type (ROIC)

of the remaining non-disclosing companies declined over time.24

Collectively, these stylized facts suggest full disclosure is not immediately descriptive,

inconsistent with the “unravelling” prediction. Yet, full disclosure appears to be descriptive

of the disclosure equilibrium reached after just a couple of periods (i.e., supplements). The

(almost) full disclosure equilibrium appears to be reached over time because, each period, the

relatively better companies among the remaining non-disclosers start to disclose and leave

the pool of non-disclosers, as evidenced by the declining average type among the remaining

non-disclosers.

24Figure 6 omits the last two supplements (8 and 9), because we need to know a company’s ROIC to
include it in the plot. All company’s for which we have ROIC data have disclosed by supplement 7, leaving
us with no additional disclosers and ROIC information for supplements 8 and 9.
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4 A Structural Interpretation

4.1 Model Motivation

To uncover some of the forces behind the observed evolution of the disclosure equilibrium,

we use a simple structural model of companies’ disclosure decisions which allows them to

deviate from rational expectations.

We allow, but do not impose, non-equilibrium thinking as a potential force behind the

disclosure evolution. For one, the stylized facts in the streetcar industry strikingly resem-

ble the lab evidence in the behavioral game theory literature. This literature rationalizes

the initial failure of and subsequent convergence to full “unravelling” with non-equilibrium

thinking and learning.

For another, the institutional details in the streetcar industry provide support for the

importance of non-equilibrium thinking and learning of streetcar companies. First, many of

the companies were newly founded, dealt with dispersed investors for the first time, and had

no prior experience with disclosure to investors via business newspapers.25 These circum-

stances make it plausible that some companies did not fully reason through the cognitively

demanding “unravelling” logic. Unlike companies, investors already had experience with

valuing companies and assessing disclosures from the preceding railroad era; motivating

our focus on companies’ cognitive boundaries and learning instead of that of investors.26

25It appears likely that the streetcar companies would be dealing with dispersed investors for the first time
even in cases where they had long existed, before electrification, as horse-drawn streetcars. According to the
Chronicle, the horse streetcars were only of interest to local investors, whereas the electrified streetcars were
of interest to a dispersed investor base (Commercial & Financial Chronicle, 1894, p. 1): “Our American
readers will not need to be told of the sudden growth in importance, as regards the general public, of street
railway securities. Foreign readers, however, can hardly realize the metamorphosis which has taken place,
and which is still at work, consolidating and transforming the street railways of each city of the Union from
companies of local, and generally of insignificant, position into powerful corporations, operating many miles
of road and having their securities held by investors in all parts of the country. The process of consolidation is
usually accompanied by a change in motive power from horses to electricity and by the building of numerous
extensions.” (See also the the quote from the Chronicle in Footnote 10, above.)

26Differences in companies’ strategic sophistication could explain why companies of similar type make
distinct disclosure decisions (e.g., Levine et al., 2017). Differences in individual investors’ strategic so-
phistication, by contrast, would not provide an immediate explanation for this empirical fact. For one,
the investor clientele (e.g., the share of unsophisticated investors) is unlikely to vary substantially across
streetcar companies with similar types. For another, individual investors’ biases have a muted impact on
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Second, other forces that might normally explain a breakdown of the “unravelling” result

(e.g., uncertainty about information endowment, disclosure costs, non-credible disclosure)

appear a priori to have limited importance in the streetcar industry. Such forces would also

have to decline relatively rapidly (i.e., within a couple months) to explain the medium-run

convergence observed in Figure 5. Lastly, the Chronicle itself, plausibly one of the most

informed witnesses of the time, conjectured that the non-disclosing companies acted in a

“short sighted” manner, reflecting “lack of knowledge” regarding the importance of disclo-

sure for ensuring investors’ confidence. But they would ultimately “learn” to disclose, the

Chronicle speculated (Commercial & Financial Chronicle, 1894, p. 1).27

To allow for deviations from rational expectations, we use level-k thinking, an iterative

best response model of non-equilibrium thinking with strong experimental support (e.g.,

Crawford and Iriberri, 2007). It permits companies to exhibit different levels of sophisti-

cation, k. Companies with the lowest level of sophistication (k = 0) neglect any strategic

implications of other companies’ disclosure decisions and/or investors’ valuation decisions

for their own decision. Accordingly, they act as if they make their disclosure decision at

random (i.e., unrelated to their type). Companies with higher levels of sophistication (k > 0)

take other companies’ disclosure decisions and investors’ valuation decisions into account.

They may, however, fail to correctly anticipate all the best responses of other companies and

investors. Level 1 companies, for example, understand that, if all companies randomize their

disclosure, strategic investors expect non-disclosing companies to be of average type. Hence,

they disclose if their type is above average. Similarly, level 2 companies understand that,

if above-average companies disclose, strategic investors expect non-disclosing companies to

streetcar companies’ valuations due to the capital market’s aggregation of various investors’ valuations (e.g.,
sophisticated investors’ arbitrage).

27Another method, apart from disclosure, by which the streetcar companies could gain investor trust
could be through engaging an underwriter with a good reputation. Our model omits any considerations of
underwriter reputation. First of all, we lack data on the underwriters for the streetcar companies. Secondly,
it is unclear how the underwriter’s reputation would affect disclosure. On the one hand, a high-reputation
underwriter might act as a substitute for disclosure in terms of helping a company gain investor trust. On
the other hand, a high-reputation underwriter might be a complement for disclosure. A high-reputation
underwriter could, for example, inform companies about the benefits of disclosure and/or provide implicit
or explicit certification of companies’ disclosures.
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be of below-average type. Hence, they disclose even if their type is below average, as long

as their type is above the average of the below-average types. This disclosure threshold is

lower than the threshold for level 1 companies. As the level of sophistication increases, the

disclosure threshold declines, until it reaches the lowest type (for level k = ∞ sophistica-

tion). At this point, everyone but possibly the lowest type discloses, consistent with rational

expectations and the “unravelling” equilibrium. (See Figure 7 for an illustration.)

The level-k model does not take a stance on why companies may fail to iterate through

all best responses. It may be that companies incorrectly anticipate the actions of other

companies (e.g., they may expect other companies to be one level less sophisticated than

themselves). Or it may be that companies fail to anticipate the strategic response of investors

to their own best response. Irrespective of which of these shortcomings leads companies

to deviate from rational expectations, we expect that companies can learn about other

companies’ disclosure decisions and investors’ valuation decisions from feedback provided

by past supplements showing companies’ disclosure decisions and investors’ corresponding

reactions.28

4.2 Model Setup

We embed level-k thinking into a discrete choice model. This model setup allows us to

uncover companies’ latent disclosure utility and sophistication levels from their disclosure

decision, while controlling for other disclosure determinants (e.g., common and idiosyncratic

net benefits of disclosure, competition, and capital raising).

In our model, a company i decides whether to disclose its type θi (i.e., its ROIC). Once

the company discloses, its type is known to investors and it remains a disclosing company.29

28Unfortunately, price data is limited, stale, and noisy in our setting. While it allows us to assess the
value relevance of reported ROIC numbers for a subset of streetcar companies (Figure 3), it does not permit
examining short-window investor reactions around supplement publication dates for our broad sample of
streetcar companies. In our later tests for learning, we accordingly focus on feedback about other companies’
disclosure decisions provided by past supplements.

29The decision to disclose appears to be reasonably sticky. Of the 169 companies we identify as disclosing in
any of the supplements during our sample period, 145 (i.e., 86%) are still disclosing as of the last supplement.
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Hence, a company, which has not disclosed up until time t, makes its disclosure decision at

time t by comparing its expected utility (u
di,t
i,k,t) given disclosure (di,t = 1) with its expected

utility absent disclosure (di,t = 0). This comparison depends on the company’s level of

thinking or sophistication, k.

For a company with non-zero sophistication (k > 0), we model the expected utility given

disclosure as:

u1
i,k,t = α1 + βθi + γ1Xi,t + ε1i,t (1)

where α1 denotes a utility level common to all disclosing companies; β captures the sensitivity

of the company’s expected utility with respect to its disclosed type θi; γ
1Xi,t captures the

influence of other factors (e.g., capital raising) on the company’s expected utility given

disclosure; and ε1i,t is an incremental utility shock, idiosyncratic to company i at time t, if it

discloses.30

Absent disclosure, company i’s expected utility is given by:

u0
i,k,t = α0 + βEk,t[θ] + γ0Xi,t + ε0i,t (2)

where α0 denotes a utility level common to all non-disclosing companies; β captures the

sensitivity of the company’s expected utility with respect to its expected type Ek,t[θ], which

depends on the company’s level of sophistication, k; γ0Xi,t captures the influence of other

factors on the company’s expected utility absent disclosure; and ε0i,t is an incremental utility

shock, idiosyncratic to company i at time t, if it does not disclose.

The company discloses if the expected utility given disclosure exceeds its expected utility

For more discussion of these companies, refer to the Internet Appendix.
30The sensitivity, β, essentially captures the combination of (i) the expected valuation multiple applied by

investors to the company’s type and (ii) the sensitivity of the company’s expected utility to the investors’
valuation.
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absent disclosure:

u1
i,k,t − u0

i,k,t = α + β
(
θi − Ek,t[θ]

)
+ γXi,t + εi,t ≥ 0 (3)

where α (= α1 − α0) denotes a common net benefit of disclosure; β captures the sensitivity

of the company’s expected utility with respect to its disclosed type θi relative to its expected

type Ek,t[θ]; γXi,t (= (γ1− γ0)Xi,t) captures the incremental influence of other factors given

disclosure; and εi,t is an incremental net benefit of disclosure specific to company i at time t.

This formulation of a company’s disclosure choice takes an intuitive and familiar form. It

is intuitive, because it essentially suggests that the company’s disclosure incentive increases

in its relative type
(
θi − Ek,t[θ]

)
. It is familiar, because it resembles a logit regression

under the standard assumption that the idiosyncratic utility shocks follow an extreme value

distribution:

ε1i,t ∼ EV (0, υ)

ε0i,t ∼ EV (0, υ)

ε1i,t − ε0i,t = εi,t ∼ Logistic(0, υ) (4)

Following the behavioral game theory literature, we allow for four different levels of

sophistication which are characterized by varying disclosure threshold values, Ek,t[θ]. The

threshold for level 1 companies is the average type of those companies (Nt) that have not

disclosed up until time t− 1 (with company j ∈ Nt if dj,t−1 = 0):

E1,t[θ] = E
[
θj|j ∈ Nt

]
. (5)

This threshold value reflects that level 1 companies understand that investors expect non-

disclosing companies to be of average type if companies stay silent at random. Accordingly,

level 1 companies disclose if their type is above the average type of the companies that have
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not disclosed yet.

The threshold value for level 2 companies is the average type of the below-average com-

panies that have not disclosed yet (i.e., the conditional average):

E2,t[θ] = E
[
θj|j ∈ Nt, θj < E1,t[θ]

]
. (6)

It reflects that level 2 companies understand that investors anticipate above average compa-

nies to disclose and hence expect non-disclosing companies to be of the average type among

the below-average companies.

The threshold for level 3 (or ∞) companies, the highest level of sophistication in our

setup, is the minimum type of the companies that have not disclosed yet:

E3,t[θ] = min
(
θj|j ∈ Nt

)
(7)

This threshold corresponds to the “unravelling” threshold, according to which everyone but

possibly the worst type has an incentive to disclose. We jump from level 2 to level ∞ for

reasons of parsimony and because prior lab evidence suggests that players who engage in

more sophisticated thinking than level 2 tend to successfully reason through all the higher

levels of thinking, arriving at the equilibrium action predicted under rational expectations.31

In contrast to companies of level k > 0, level 0 companies do not take other companies’

disclosure decisions and/or investors’ valuation decisions into account. We model this non-

strategic disclosure decision as follows:

u1
i,0,t − u0

i,0,t = α + δ + γXi,t + εi,t ≥ 0 (8)

where the only change from before is that level 0 companies’ relative type does not feature

31Bosch-Domènech et al. (2002), for example, survey various experiments of Keynesian beauty contests.
They observe spikes in the distribution of subjects’ responses corresponding to level 1 and level 2 thinking,
or the actual unique Nash equilibrium.
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in their disclosure decisions. Instead, level 0 companies are modelled as potentially having

an incremental net benefit of disclosure, δ. This parameter allows for a generally different

attitude toward disclosure relative to more sophisticated companies. Importantly, this dif-

ference is not related to level 0 companies’ type. Accordingly, their disclosure decision is

random (i.e., unrelated to their type) and, hence, uninformative about their type.

Given our setup, the probability that a company i with sophistication level k > 0, which

has not disclosed yet (di,t−1 = 0), starts disclosing at time t is:

Pr(di,t = 1|bi,t = k, θi, Xi,t,Nt) = Pr(u1
i,k,t − u0

i,k,t ≥ 0)

= Pr(α + β
(
θi − Ek,t[θ]

)
+ γXi,t ≥ −εi,t)

=
eα+β(θi−Ek,t[θ])+γXi,t

1 + eα+β(θi−Ek,t[θ])+γXi,t
(9)

where bi,t captures the level of sophistication, k, of company i at time t. Similarly, this

probability for a company with sophistication level k = 0 is:

Pr(di,t = 1|bi,t = 0, θi, Xi,t,Nt) =
eα+δ+γXi,t

1 + eα+δ+γXi,t
(10)

Taken together, the disclosure probability of a company i with sophistication level k at

time t is given by:

f(di,t = 1|bit, θi, Xi,t,Nt, di,t−1) =

Pr(di,t = 1|bi,t, θi, Xi,t,Nt) if di,t−1 6= 1

1 if di,t−1 = 1
(11)

The disclosure probability is conditional on companies’ unobserved sophistication level,

k. We denote the unobserved share of companies using a given sophistication level k in a

given period t as sk,t (with
∑K

k=0 sk,t = 1).
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The unconditional probability of company i’s disclosure at time t is thus given by:

p(di,t = 1|θi, Xi,t,Nt, di,t−1) =
K∑
k=0

sk,tf(di,t = 1|bi,t = k, θi, Xi,t,Nt, di,t−1) (12)

4.3 Model Estimation

We estimate the latent disclosure utility parameters (α, β, δ, γ) and sophistication shares

({st}Tt=1 with st = [s0t, s1,t, ..., sK,t]) via maximum likelihood. The log-likelihood we maximize

takes the following form:

LL
(
{st}Tt=1, α, β, δ, γ

)
(13)

=
N∑
i=1

Ti∑
t=1

log
(
p(di,t|θi, Xi,t,Nt, di,t−1)

)
=

N∑
i=1

Ti∑
t=1

log

(
K∑
k=0

sk,tLi,t,di,t(α, β, δ, γ|bi,t = k)

)

where N is the number of companies and Ti is the last period in the sample where com-

pany i makes a disclosure decision. p(di,t|θi, Xi,t,Nt, di,t−1) is the unconditional likelihood of

company i’s observed disclosure at time t, which can be decomposed into the sophistication

shares and the conditional disclosure likelihood, Litdit(α, β, δ, γ|bit = k). The conditional

disclosure likelihood is given by the standard logit form:

Li,t,di,t(α, β, δ, γ|bi,t = k) =

(
eyi,k,t

1 + eyi,k,t

)di,t (
1− eyi,k,t

1 + eyi,k,t

)1−di,t
(14)

where

yi,k,t = α + β(θi − Ek,t[θ])(1− 1k=0) + δ1k=0 + γXi,t (15)

As controls (Xi,t), we include period-by-period growth in invested capital (Invested Capital

Growth) to control for time-varying investment opportunities and financing needs; the num-
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ber of competitors in the company’s city at the time (Number of Competitors) to control for

proprietary cost concerns; and individual time effects to account for common changes in the

net benefit of disclosure over time (e.g., a general decline in proprietary costs or increase in

financing needs). (For more detail on how we measure Invested Capital Growth and Number

of Competitors, refer to the Internet Appendix.)

To implement the maximum likelihood estimation, we use the iterative expectation max-

imization (EM) algorithm described in Train (2009).32 Following Train (2009), we start the

iterative process with equal sophistication shares. To obtain initial values for the disclosure

utility parameters, we randomly assign companies to each sophistication level and estimate

the corresponding logit regression parameters. We assess the robustness of our estimation to

the choice of initial values in section 5. We calculate bootstrapped standard errors for our

estimated parameters.33

Our estimation recovers the latent utility parameters and the share of companies using a

given sophistication level in a given period. By estimating separate shares in each period, we

allow for aggregate trends in companies’ sophistication levels. To infer which sophistication

level a specific company adopted in a given period, we use Bayes’ rule to determine the

posterior probability of each sophistication level for company i at time t given its observed

disclosure decision. This posterior probability for sophistication level k, for example, is given

by:

φi,k,t =
sk,tLi,t,di,t(α, β, δ, γ|bi,t = k)∑
j sj,tLi,t,di,t(α, β, δ, γ|bi,t = j)

(16)

We calculate these posterior probabilities for each belief of each company at each point in

32In principle, equation (13) could be maximized by other methods, but it is much easier to instead
maximize it via the EM algorithm. Train (2009) summarizes the EM algorithm as follows (see page 348 of
his book): “The procedure consists of defining a particular expectation and then maximizing it (hence the
name). This expectation is related to the LL [i.e., log-likelihood] function ..., but it differs in a way that
facilitates maximization. The procedure is iterative, starting at some initial value for the parameters and
updating the values in each iteration. The updated parameters in each iteration are the values that maximize
the expectation in that particular iteration. ... [R]epeated maximization of this function converges to the
maximum of LL function itself.”

33We generate 1,000 bootstrapped samples to calculate the standard errors.

25



time, allowing us to explore how company-specific sophistication levels, not just aggregate

shares of sophistication levels, evolved over time.

The estimated sophistication levels, by assumption and construction, are independent of

companies’ types. The idea is that these two constructs, companies’ sophistication and type,

are distinct constructs. The sophistication level captures companies’ strategic intelligence

with respect to the disclosure game, whereas their type captures the profitability of their

operations (e.g., driven by the size of the population in their location). While it appears

reasonable to expect that sophistication and type could be positively correlated (e.g., greater

strategic intelligence is a competitive advantage; Levine et al. (2017)), we note that several

high-type firms appear to disclose late, whereas several low-type companies disclose early.

(For a detailed breakdown of when disclosure first occurred for the various companies, sorted

by ROIC, refer to the Internet Appendix.) Moreover, we note that we not only focus on com-

panies’ sophistication level at a point in time, but also the evolution of the levels over time.

Accordingly, even if the estimated levels are distorted due to a violation of our identifying

assumption (i.e., independence of sophistication and type), the within-company evolution of

sophistication levels is less likely to be confounded by this issue as companies’ type is held

fixed over our short sample period.

4.4 Model Findings

4.4.1 Expected Utility of Disclosure

Table 3 reports the estimates for the parameters of our model of companies’ expected

disclosure utilities. Panel A summarizes the estimates of the model’s main parameters.

The estimate for α is negative and statistically significant. It implies that companies with

non-zero levels (k = 1, 2, 3) of strategic thinking expect to incur a common (net) cost of

disclosure, independent of their type. The estimate for β is strongly positive and highly

significant (coefficient: 29.83; z-statistic: 25.75). It suggests that companies with non-zero

levels of thinking expect the benefits of disclosure to increase in their type, in line with the
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positive relationship between companies’ ROIC and investors’ valuation observed in Figure

3. Lastly, The estimate for δ is slightly positive, but not statistically significant. It implies

that companies with level 0 thinking do not appear to exhibit a significantly higher or lower

common net benefit (or cost) than the companies with non-zero levels of thinking.

These estimates make two important points. They document that companies’ relative

type is a key determinant of disclosure for companies with non-zero level of thinking. In

addition, they document that companies with non-zero levels of thinking and those with

level 0 thinking do not exhibit different disclosure behavior because they face significantly

different (perceived) net benefits or costs (irrespective of their type). Rather, their disclosure

behavior differs because sophisticated companies understand that disclosure benefits increase

in their relative type, whereas unsophisticated companies do not make this connection.

Panel B summarizes the estimates of the control variables included in our model. The

parameter estimate for capital raising (percentage change of invested capital), γ1, is slightly

negative and significant, whereas the estimate for competition (number of companies in the

same city), γ2, is positive and significant. Based on the literature, we would have expected

the opposite signs if companies’ disclosure choices were chiefly driven by external financing

needs or discouraged by existing competition.34 Importantly, the alternative explanations

(capital raising and competition) for companies’ disclosure choices and dynamics, while sta-

tistically significant, appear substantially less important than companies’ relative type (see,

e.g., differences in coefficient magnitudes and z-statistics). Lastly, the parameter estimates

for γ3 to γ8, capturing the coefficients on our supplement (i.e., time) indicators, are typically

negative, and in some cases significant. They imply that the net benefit of disclosure common

to all companies appears to decline over time (especially until the sixth supplement). This

temporal pattern is inconsistent with declining costs (e.g., proprietary costs) or increasing

34The positive relation between the number of competitors and disclosure could indicate that monopolistic
incumbents are concerned about entry competition (e.g., Darrough and Stoughton, 1990). Overall, however,
we caution against reading too much into the parameter estimates for the capital raising and competition
controls given that their magnitudes and significance levels are not robust to alternative estimation choices,
unlike the parameter estimate for the relative type.

27



benefits (e.g., investment opportunities) of disclosure as an alternative explanation for the

increasing disclosure rate observed in the streetcar industry over time.

Taken together, the parameter estimates of our disclosure-utility model highlight the

importance of companies’ relative type for the disclosure decisions of more sophisticated

companies, in line with the iterated-best response logic underlying level-k thinking. Accord-

ingly, the estimates support the idea that the initial deviation of the streetcar industry’s

disclosure equilibrium from the “unravelling” prediction and its subsequent convergence to-

ward an (almost) full disclosure equilibrium could be due to some companies employing lower

levels of thinking. (We explore the estimated sophistication levels in the next section.) By

contrast, our parameter estimates provide little support for prominent alternative explana-

tions for the observed disclosure dynamics unrelated to companies’ type and their level of

strategic sophistication (or thinking).

4.4.2 Evidence of Level-k Thinking

Table 4 reports the estimated levels of sophistication employed by our sample companies.

Panel A shows the sophistication-level shares for each period using all companies that have

not disclosed in any of the previous periods yet. It provides evidence of significant deviations

from the highest level of thinking, which corresponds to rational expectations (level k = 3 in

our notation). In the first period (i.e., the first supplement), about 49 percent of companies

appear to use the highest level of thinking. The other half of the companies appears to

have used lower levels of thinking. About 27 percent appear to have used level 2 thinking

and 24 percent even appear to have acted as if they randomized their disclosure decision

(i.e., their disclosure decision appears unrelated to their type). This finding provides an

explanation for the initially incomplete “unravelling.” It is consistent with some companies

being uninformed about the strategic aspects of the disclosure game. To learn about it, they

appear to start out by randomizing in the first period of disclosure.

In subsequent supplements, the share of randomizing companies declines, whereas the
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share of companies using level 1 or 2 thinking increases. This pattern is particularly evident

in Panel B, which shows the sophistication-level shares for each period using only companies

that have not disclosed yet (i.e., companies that remained silent in a given period). This ev-

idence, while again consistent with several companies using lower levels of thinking, suggests

a potential role of learning from past rounds of play in explaining the disclosure dynamics

in the streetcar industry (i.e., the increasing propensity to disclose).

4.4.3 Evidence of Learning

We explicitly test for evidence of companies’ learning. Explicit tests for learning are nec-

essary, because the fact that the observed disclosure equilibrium converges (approximately)

to the “unravelling” equilibrium does not per se imply that companies are learning. Even

absent learning, level-k thinking (e.g., level 1 thinking) would ultimately lead to full “un-

ravelling” as relatively better types successively leave the pool of non-disclosing companies

over time.

To explicitly test for learning, we investigate the evolution of companies’ sophistication

levels over time. In Panel A of Table 5, we test for a time trend in companies’ expected

sophistication levels, defined as the probability weighted level k. In both pooled and within-

company regressions, we find a significantly positive time trend: companies in latter rounds

exhibit, on average, more sophisticated levels of thinking than they did in earlier rounds.

Figure 8 illustrates this point for companies that did not disclose in the first round. It plots

the distribution of these companies’ sophistication levels in the first round (light gray bars

to the left) and their respective levels in the second round (dark gray bars to the right).

While more than 70 percent of the companies used level 0 thinking in the first round, this

share drops to less than 30 percent in the second round, as many of the companies who

initially used level 0 thinking transitioned to higher levels of thinking (especially level 1)

in the second round. This shift exemplifies the estimated trend toward higher levels of

sophistication, which is consistent with learning over time.
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Next, we specifically test whether some learning occurs in response to feedback from

previous periods. In the spirit of learning in boundedly rational models (e.g., Selten, 1991;

Fudenberg and Levine, 1993; Selten and Buchta, 1994; Stahl, 1996; Fudenberg and Levine,

2016), we examine whether companies change their levels of thinking away from levels that

performed poorly in the previous period. Consistent with such directed learning, we find,

in three out of four specifications in Panel B of Table 5, that the probability (and log odds)

of companies using a given level of thinking in the current period is lower when that level

of thinking performed worse in the previous period. We measure the performance of a

level of thinking in the previous period by comparing the disclosure threshold from that

level of thinking to the ex post correct threshold that the company would have chosen if it

had had perfect foresight (e.g., about other companies’ disclosure decisions). The farther

from the ex post correct threshold, the worse that level of thinking performed. In a similar

vein, in Panel C of Table 5, we find that companies’ types relative to the ex post observed

threshold of the previous round significantly predicts their disclosure decisions in the current

round. Companies’ types relative to their (probable) threshold used in the previous round,

by contrast, is substantially less predictive.35 This result is consistent with companies paying

attention to the ex post correct threshold from last period and abandoning their previously

used disclosure threshold when determining their disclosure decisions.

Collectively, these findings provide evidence consistent with companies upgrading their

levels of thinking toward better-performing and higher levels of thinking over time and in

response to feedback. This evidence suggests the medium-run convergence to a disclosure

equilibrium which resembles the “unravelling” result was likely sped up by companies learn-

ing how to think about their disclosure decision and its relation to other companies’ decisions.

35We calculate the probable threshold in the previous period by weighting the thresholds implied for each
of the three sophistication levels k > 0 with companies’ posterior probabilities for their sophistication levels
in the previous period. We divide this value by the sum of the probabilities for levels 1 to 3 to rescale the
probabilities to sum to one, as the lowest level of sophistication (k = 0) is left out because it does not imply
any threshold.

30



5 Robustness

5.1 Alternative Models

5.1.1 Nested Models

We compare the model fit of our base model with the fit of three important alternatives:

a model without controls, a model allowing for the “unravelling” (or rational expectations)

sophistication level only, and a model with constant shares of sophistication levels over

time. Table 6 documents that our base model exhibits the greatest log-likelihood of all these

model variants. To investigate whether this superior model fit is statistically significant after

accounting for the larger number of free parameters in our base model, we perform likelihood

ratio tests among the nested models.

We find that our base model exhibits a significantly better fit than the model without

controls (at the 1 percent significance level). The importance of including controls reflects the

strong negative time trend in company’s disclosure utility, accounted for by the time effects

included among the controls. The capital raising and competition controls, by contrast,

are likely of lesser importance, given their comparably limited coefficient magnitudes and

significance levels.

We also find that our base model exhibits a significantly better fit than the model which

restricts companies to the “unravelling” (k = 3) sophistication level (at the 5 percent signif-

icance level). This significant difference suggests it is important to allow for heterogeneous

and lower levels of sophistication to explain the observed disclosure choices, supporting the

use of level-k thinking.

Finally, we find that our base model, allowing for time-varying level-k shares, also provides

a significantly better fit than a model with constant shares of sophistication levels, albeit

at the 10 percent significance level only. The limited statistical significance of the model

difference is at least in part explained by the large difference in free parameters across those

models. Accordingly, the raw difference in the fit between the two models suggests that
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allowing for some changes in sophistication shares increases the model fit. Allowing for

separate shares in each period, however, does not appear to greatly improve model fit. This

limited improvement reflects the scarce data availability in later rounds, which hampers the

identification of separate shares in those rounds. Accordingly, we consider the dynamics in

the shares in earlier rounds as more informative.36 It is notable though that even under

constant aggregate shares, companies would still be able to change their sophistication levels

over time. As such, the limited statistical support for the model with time-varying shares

does not suggest that companies do not learn over time.

5.1.2 Other Models

We chose one particular model to interpret the stylized facts in the streetcar industry.

This model is motivated by its apparent fit to the institutional details, its parsimony, and

prior evidence on the robustness of level-k thinking. Yet, we acknowledge that there are

multiple other models one could have chosen to look at the data.

A simple, though quite distinct dynamic model could feature time-varying uncertainty

about companies’ information endowment or net benefits of disclosure, maintaining the ra-

tional expectations assumption. Such model would predict a declining threshold equilibrium

over time, consistent with an increasing disclosure rate. It could also predict that better com-

panies disclose earlier, because they may be more informed, exhibit lower proprietary costs,

or experience investment opportunities or funding needs earlier than worse types. While we

ultimately cannot rule out this model, it does not appear to match the institutional details

of our setting, nor our findings. Uncertainty about whether companies know their earnings,

for example, is unlikely to be substantial in levels and changes, and the net benefits of disclo-

sure, if anything, appear to decrease over time (as suggested by the estimated time effects)

rather than increase. In addition, the simple time-varying-threshold model does not appear

to provide an immediate explanation for our evidence on companies’ directed learning. Its

36Table 4 documents that the shares in latter rounds often do not move far from initial values due to lack
of data.
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explanations for dynamics are also not specific to the start of the disclosure game. Our set-

ting, however, focuses precisely on such a start, to learn about initial play and its subsequent

evolution.37

Another plausible model, more specific to initial play and equilibrium evolution, could

feature perfectly rational Bayesian companies and investors with prior heterogeneity in the

initial round and subsequent learning (e.g., Bray and Kreps, 1981; Blume and Easley, 1982;

Kandori et al., 1993). Such a model would maintain the rational expectations assumption.

Otherwise, it would exhibit similar features as our model (e.g., different beliefs or sophisti-

cation levels and learning) and promise to yield similar predictions, in line with the data.

Given these similarities, we chose to rely on a simple and established workhorse model which

allows for non-equilibrium thinking and directed or adaptive learning rather than a model

with prior heterogeneity and perfectly rational Bayesian learning. While the origin of het-

erogeneous sophistication levels or Bayesian priors remains unexplained in both models, our

reduced-form model comes with the advantage of simplicity and robustness, as it imposes

lower cognitive demands and appears more descriptive in lab experiments (e.g. Nagel, 1995;

Crawford, 2001). These advantages are particularly useful given that we use our model

to interpret real-world data. Interestingly, our model and evidence suggests market forces

push companies, whether rational Bayesian or not, to converge to an equilibrium which is

consistent with rational expectations (e.g., Becker, 1962; Blume and Easley, 1993).

Ultimately, we stress that we do not purport to identify the one true model which exclu-

sively explains the disclosure equilibrium and its evolution observed in the 1890s streetcar

industry. Instead, we use a simple and robust model which captures central features of the

unique institutional details of the time and industry—according to our judgement—to bet-

ter understand the disclosure dynamics. The model highlights a so-far little studied reason

37Bederson et al. (2018) document that failure to observe full disclosure could also be due better types
abstaining from disclosure to signal quality. Such countersignaling, however, does not appear to fit the
observed disclosure dynamics in the streetcar industry. For one, we observe that relatively better companies
tend to disclose more readily than worse companies, opposite to the prediction of countersignaling models.
For another, the countersignaling model does not make predictions for the evolution of play after the initial
round.
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for initial non-disclosure and uncovers novel evidence consistent with initial differences in

sophistication levels and subsequent learning in a real-world disclosure setting.

5.2 Sample and Estimation Choices

5.2.1 Excluding States with Railroad Commission Reporting Requirements

Our estimates and inferences are largely robust to excluding streetcar companies located

in states with requirements to report to local Railroad Commissions (i.e., Massachusetts,

New Hampshire, and Connecticut). Companies in these states, unlike the other sample com-

panies, were required to report their earnings to the state’s railroad commission (a state level

government regulator). As this requirement does not per se imply that the Chronicle or dis-

persed investors in different states or abroad were privy to the information, we include these

companies in our main sample.38 However, in robustness tests, we exclude the companies

from each of these states to alleviate concerns that the observed disclosure dynamics and

our estimates are confounded by regulatory requirements. The Internet Appendix provides

a detailed discussion of the reporting requirements and robustness.

5.2.2 Initial Values

Our EM algorithm estimates are sensitive to the initial values assigned to the model pa-

rameters. In our main analysis, we report results obtained using initial values as suggested

by Train (2009). To alleviate concerns that our reported estimates capture an unrepresen-

tative local optimum, we run a grid search, initializing our parameters at various values.

The model with the maximum log-likelihood obtained from this grid search produces similar

results for the latent utility parameters and sophistication shares as our reported model.

The grid-search model’s estimates also produce similar evidence of learning over time and in

38Recent evidence documents that, even today, the publication outlet and target audience matter for
investors’ awareness of the information (e.g., Christensen et al., 2017; Kim and Kim, 2020). Another reason
for inclusion is the fact that, due to the requirement to report to a regulator, the companies in the states with
railroad commission reporting do not need to fear political costs from disclosure in the Chronicle, supporting
the assertion that the cost of disclosure to investors via the Chronicle were likely limited.
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response to feedback. These results provide some comfort that our reported estimates and

inferences are not merely an artifact of our particular initial values.

6 Conclusion

Can market forces resolve information asymmetries between companies and investors?

The answer is a resounding ‘yes’ according to the seminal “unravelling” result (e.g., Ross,

1979; Grossman, 1981; Milgrom, 1981). Whether this analytical result is descriptive of

companies’ actual disclosure behavior, however, is unclear, as it relies on a number of strong

and cognitively demanding assumptions.

We examine the descriptiveness of the “unravelling” prediction in a real-world setting:

the 1890s streetcar industry in the U.S. This historical setting features capital-intensive

companies that heavily relied on dispersed investors to finance their operations. In the

absence of disclosure mandates and modern information technology, a business newspaper,

the Commercial & Financial Chronicle, stepped in to satisfy investor information demands

by issuing quarterly supplements that reported streetcar companies’ net earnings.

We find that about 75 percent of the streetcar companies in our sample disclosed their

earnings in the first supplement. While this is a high percentage, it clearly falls short of

the full disclosure equilibrium predicted by the “unravelling” result. However, we also find

that the disclosure rate increased rapidly over the following quarters, reaching almost 100

percent within just a couple of quarters. This convergence toward an (almost) full disclosure

equilibrium appears to occur as relatively better companies in each quarter leave the pool of

remaining non-disclosing companies.

To better understand the forces behind these striking patterns, we fit a model of compa-

nies’ disclosure choices to the streetcar data. Following the behavioral game theory literature

(e.g., Crawford, 2019), our model features level-k thinking, which accommodates the pos-

sibility that some companies deviate from the cognitively demanding rational expectations
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assumption underlying the “unravelling” result.

Our model estimates suggest that a substantial share of companies indeed appears to have

relied on lower levels of thinking, especially at the time of the initiation of the supplements.

In particular, many companies seem to have acted as if they made their disclosure decisions

at random, neglecting the strategic implications of other companies’ disclosure decisions

and investors’ valuation decisions. This lower level thinking provides an explanation for the

initial failure of the “unravelling” prediction.

We further find evidence that non-disclosing companies appear to have adopted higher

levels of thinking over time and in response to observing other companies’ decisions in the

previous supplement and, possibly, investors’ corresponding reactions. This evidence is con-

sistent with learning contributing to the rapid increase of the disclosure rate over time.

Collectively, the stylized facts in the streetcar industry and our corresponding model

estimates suggest that the “unravelling” result may fail in the real world, at least in the

short run, due to the cognitive demands of the rational expectations assumption and the

inexperience of companies. The facts and estimates, however, also document that, even

despite the cognitive demands and absent disclosure mandates, an (almost) full disclosure

equilibrium can arise in the medium to long run as a result of repetition and learning. In this

vein, our study informs the recent debate about the need for realistic model assumptions

(Pfleiderer, 2020). It suggests that even seemingly unrealistic assumptions (e.g., rational

expectations) can be descriptive if one allows for repetition and learning (Friedman, 1953).

Our study finds that market forces yield an (almost) full disclosure equilibrium in an

important real world setting, consistent with the “unravelling” prediction. This finding con-

trasts with the incomplete or partial disclosure equilibria often documented in prior disclosure

studies (e.g., Beyer et al., 2010). This difference may arise because important assumptions

underlying the “unravelling” result (e.g., uncertainty about information endowment), other

than the rational expectations assumption, are reasonably descriptive in this historical set-

ting, while they may not be in other settings. It, however, may also occur because, in our
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historical setting, we focus on a major item of financial disclosure—companies’ earnings—

in an environment characterized by high information demand. Studies using more recent

settings, by contrast, often are bound to focus on less prominent items (e.g., management

forecasts) in an information environment where the most relevant corporate information is

already mandated and plenty of alternative information sources exist.39

In closing, we acknowledge that the (almost) full unravelling equilibrium observed in our

select sample should not be expected to generalize to other settings (e.g., those characterized

by elevated uncertainty about information endowment or notable disclosure costs). We

contend though that our explanation for the observed disclosure dynamics—initial deviations

from equilibrium thinking and subsequent convergence through repetition and learning—

should generalize to other settings, even if the convergence is toward a threshold instead of

a full disclosure equilibrium.

39Similarly, seminal work on voluntary disclosure of product quality documents incomplete “unravelling”
in the restaurant and healthcare sector (e.g., Jin and Leslie, 2003; Jin, 2005; Dranove and Jin, 2010). The
incomplete “unravelling” could at least in part be explained by the focus on disclosures regarding a particular
aspect of quality (e.g., hygiene) which is not necessarily the core aspect (e.g., food quality) of interest to the
target audience (e.g., customer). By contrast, companies’ disclosures of earnings relative to invested capital
can be expected to be the core aspect of interest to investors in our setting.
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Hortaçsu, Ali, Fernando Luco, Steven L. Puller, and Dongni Zhu, 2019, Does strategic

ability affect efficiency? evidence from electricity markets, American Economic Review

109, 4302–42.

Jin, Ginger Zhe, 2005, Competition and disclosure incentives: An empirical study of hmos,

The RAND Journal of Economics 36, 93–112.

Jin, Ginger Zhe, and Phillip Leslie, 2003, The effect of information on product quality:

Evidence from restaurant hygiene grade cards, Quarterly Journal of Economics 118, 409–

451.

Jin, Ginger Zhe, Michael Luca, and Daniel Martin, 2015, Is no news (perceived as) bad news?

an experimental investigation of information disclosure, NBER working paper (link).

Jovanovic, Boyan, 1982, Truthful disclosure of information, Bell Journal of Economics 13,

36–44.

Jung, Woon-Oh, and Young Kwon, 1988, Disclosure when the market is unsure of information

endowment of managers, Journal of Accounting Research 26, 146–153.

Kandori, Michihiro, George Mailath, and Rafael Rob, 1993, Learning, mutation, and long

run equilibria in games, Econometrica 61, 29–56.

Kim, Sehwa, and Seil Kim, 2020, Fragmented securities regulation: Neglected insider trading

in stand-alone banks, SSRN Working (link) .

Koudijs, Peter, 2015, Those who know most: Insider trading in eighteenth-century Amster-

dam, Journal of Political Economy 123, 1356–1409.

Koudijs, Peter, 2016, The boats that did not sail: Asset price volatility in a natural experi-

ment, Journal of Finance 71, 1185–1226.

Leuz, Christian, and Peter Wysocki, 2016, The economics of disclosure and financial re-

porting regulation: Evidence and suggestions for future research, Journal of Accounting

Research 54, 525–622.

Levine, Sheen S., Mark Bernard, and Rosemarie Nagel, 2017, Strategic intelligence: The

cognitive capability to anticipate competitor behavior, Strategic Management Journal 38,

2390–2423.

42

https://www.nber.org/papers/w21099


Li, Yinghua, Yupeng Lin, and Liandong Zhang, 2018, Trade secrets law and corporate

disclosure: Causal evidence on the proprietary cost hypothesis, Journal of Accounting

Research 56, 265–308.

Loewenstein, George, Cass Sunstein, and Russell Golman, 2014, Disclosure: Psychology

changes everything, Annual Review of Economics 6, 391–419.

Milgrom, Paul, 1981, Good news and bad news: Representation theorems and applications,

Bell Journal of Economics 12, 380–391.

Nagel, Rosemarie, 1995, Unraveling in guessing games: An experimental study, American

Economic Review 85, 1313–1326.

N.W. Ayer & Son, 1895, N.W. Ayer & Son’s American Newspaper Annual .

Pfleiderer, Paul, 2020, Chameleons: The misuse of theoretical models in finance and eco-

nomics, Economica 87, 81–107.

Porter, Burt, Kumar Sivakumar, and Gregory Waymire, 1995, Disclosure policies and share-

holder wealth in the early twentieth century: The case of the American Sugar Refining

Company, Journal of Accounting, Auditing & Finance 10, 121–145.

Pownall, Grace, and Gregory Waymire, 1989, Voluntary disclosure credibility and securities

prices: Evidence from management earnings forecasts, 1969-73, Journal of Accounting

Research 27, 227–245.

Reny, Philip J., 1988, Common knowledge and games with perfect information, PSA: Pro-

ceedings of the Biennial Meeting of the Philosophy of Science Association 1988, 363–369.

Rogers, Jonathan, and Phillip Stocken, 2005, Credibility of management forecasts, The

Accounting Review 80, 1233–1260.

Ross, Stephen, 1979, Disclosure regulation in financial markets: Implications of modern

finance theory and signaling theory, in F. R. Edwards, ed., Issues in Financial Regulation

(McGRaw-Hill).

Selten, Reinhard, 1991, Evolution, learning, and economic behavior, Games and Economic

Behavior 3, 3 – 24.

Selten, Reinhard, and Joachim Buchta, 1994, Experimental sealed bid first price auction

with directly observed bid functions, Discussion Paper 270 .

43



Shao, Shuai, Robert C. Stoumbos, and Frank Zhang, 2020, The power of firm fundamental

information in explaining stock returns, Review of Accounting Studies forthcoming.

Sivakumar, Kumar, and Gregory Waymire, 1993, The information content of earnings in a

discretionary reporting environment: Evidence from NYSE industrials, 1905-10, Journal

of Accounting Research 31, 62–91.

Sivakumar, Kumar, and Gregory Waymire, 1994, Voluntary interim disclosure by early 20th

century NYSE industrials, Contemporary Accounting Research 10, 673–698.

Sivakumar, Kumar, and Gregory Waymire, 2003, Enforceable accounting rules and income

measurement by early 20th century railroads, Journal of Accounting Research 41, 397–432.

Stahl, Dale, 1996, Boundedly rational rule learning in a guessing game, Games and Economic

Behavior 16, 303 – 330.

Steinwender, Claudia, 2018, Real effects of information frictions: When the states and the

kingdom became united, American Economic Review 108, 657–96.

Stocken, Phillip, 2000, Credibility of voluntary disclosure, RAND Journal of Economics 31,

359–374.

Sunder, Shyam, 2002, Knowing what others know: Common knowledge, accounting, and

capital markets, Accounting Horizons 16, 305–318.

Syverson, Chad, 2004, Market structure and productivity: A concrete example, Journal of

Political Economy 112, 1181–1222.

Commercial & Financial Chronicle, 1894, Investors’ Supplement, November 24th issue.

Commercial & Financial Chronicle, 1895a, Street Railway Supplement, March 9th issue.

Commercial & Financial Chronicle, 1895b, Street Railway Supplement, November 30th issue.

Commercial & Financial Chronicle, 1896, Street Railway Supplement, February 29th issue.

Street Railway Journal, 1894, American Street Railway Investments, June 15th issue.

Thompson, Joel, 2017, Selecting railway investments in 1890s America, Accounting Histori-

ans Journal 44, 77–93.

Train, Kenneth, 2009, Discrete choice methods with simulation (Cambridge university press).

44



Verrecchia, Robert, 1983, Discretionary disclosure, Journal of Accounting and Economics 5,

179 – 194.

Waymire, Gregory B, and Sudipta Basu, 2008, Accounting is an evolved economic institution,

Foundations and Trends in Accounting 2, 1–174.

Zhou, Frank S., 2020, Disclosure dynamics and investor learning, Management Science forth-

coming.

45



Figure 1: Example of Streetcar Trolley

The figure shows an electric streetcar trolley.
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Figure 2: Excerpt from Chronicle’s Supplement

The figure shows the first content page of the Chronicle’s first streetcar supplement of March 1985. The
supplement contains information on general trends in the streetcar industry and company-specific reports.
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Figure 3: Companies’ Reported Type and Investors’ Pricing

The figure shows the relationship between companies’ reported type (θ), measured as net earnings over
invested capital (ROIC, in percent), and investors’ pricing. It is based on the cross-section of streetcar
companies with net earnings reported in the Chronicle’s November 1896 streetcar supplement and bid prices
(as a percentage of par) collected from the Chronicle’s quotations supplement of December 5, 1896. The
sample comprises 33 streetcar companies (due to limited price availability). Each black dot represents a
streetcar company. The black line represent the regression line and the gray area plots the corresponding 90
percent confidence interval. The slope coefficient (β) and explanatory power (R2) of the regression of bid
prices on ROIC is provided in the lower right corner of the figure. *** indicates statistical significance at
the 1% level.
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Figure 4: Distribution of Company Types

The figure plots the cross-sectional distribution of streetcar companies’ types (θ) as proxied by their return
on invested capital (ROIC). Return on invested capital is the ratio of net earnings to invested capital as
reported on November 28, 1896, the last supplement for which we collected disclosure data.
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Figure 5: Fraction of Companies Disclosing

The figure plots the fraction of disclosing companies over time. A company is a disclosing company if
it provided its net earnings in the current supplement or any of the previous supplements. Supplement
“0” depicts the time before the first supplement came out. Supplement 1 is the first supplement, which
was produced by the Street Railway Journal in June 1894. Supplements 2 through 9 are the following
supplements, which were produced by the Commercial & Financial Chronicle between March 1895 and
November 1896. The gray area depicts the 90 percent confidence interval.
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Figure 6: Average Type of Non-Disclosing Companies

The figure plots the average type among companies that, as of the current supplement, have not yet disclosed
net earnings in any of the previous supplements. We proxy for companies’ types using their returns on
invested capital (ROIC), measured as the ratio of net earnings to invested capital on November 28, 1896,
the last supplement for which we collect disclosure data. Since ROIC is a cross-sectional measure from
one point in time, the changes in ROIC depicted in the figure reflect changes in the composition of non-
disclosing companies (i.e., the remaining pool) from one supplement to the next. They do not reflect changes
in a given company’s ROIC over time (which are unknown in the periods before a company first discloses).
Supplement 1 is the first supplement, supplement 2 is the second, and so on. The plot ends at supplement 7,
since that is the last supplement in which any of the sample companies start disclosing earnings. The gray
area depicts the 90 percent confidence interval.
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Figure 7: Illustration of Iterative Best Responses

The figure illustrates the iterative best responses of investors’ to companies’ disclosure decisions, and vice
versa. The y-axis plots the type of companies as inferred by investors. The x-axis plots companies’ actual
type. The gray area shows the range of disclosing company types. Subfigure (a) starts with the best response
of investors’ to companies staying silent at random (i.e., level 0 companies). The following subfigures show the
iterative best responses by companies and investors. The last subfigure (f) shows the ultimate “unravelling”
equilibrium.

(a) Investors’ Response to Level 0 (b) Level 1 Companies’ Response

(c) Investors’ Response to Level 1 (d) Level 2 Companies’ Response

(e) Investors’ Response to Level 2 (f) Level 3 (∞) Companies’ Response
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Figure 8: Transition in Level-k Thinking

The figure plots the share (sk,t) of companies using a given level of thinking (k) in the first and second
supplement. The shares are calculated for a constant sample of companies: companies that abstain from
disclosure in the first supplement and, hence, make another disclosure decision in the second supplement.
The depicted changes in shares from the first to the second supplement, accordingly, represent changes in
companies’ level of thinking over time. They do not reflect changes in the composition of companies over
time. The dashed whiskers provide 90 percent confidence intervals for the estimated shares.
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Table 3: Disclosure Model Estimates

The table presents maximum-likelihood estimates of the parameters governing the latent disclosure utility
model obtained via the expectation-maximization (EM) algorithm described in Train (2009). Panel A
presents the estimates of the main parameters (α, β, δ). Panel B presents the estimates for the control
parameters (γ). The estimation sample spans the first seven periods (supplements). We limit the sample to
those companies that disclose within these periods, because we observe their types (θ) (unlike for the few
companies that never disclose). In any given period, the sample includes companies that did not disclosed
in any of the previous periods. The z-statistics (in parentheses) are based on bootstrapped standard errors.
*, **, *** denote statistical significance at the 10, 5, and 1 percent level (two-tailed), respectively.

Panel A: Main Parameters

Description Variable Parameter Estimate
(z-stat)

Common Disclosure Benefit Intercept α −4.768∗∗∗

(−3.38)
Slope of Disclosure Benefit wrt Relative Type (θ − Ek,t[θ]) β 29.833∗∗∗

(25.75)
Incremental Disclosure Benefit (k = 0) 1k=0 δ 0.348

(0.20)

Panel B: Controls

Description Variable Parameter Estimate
(z-stat)

Financing Explanation Invested Capital Growth γ1 −0.205∗∗

(−2.36)
Competition Explanation Number of Competitors γ2 0.809∗∗∗

(3.65)
Incremental Disclosure Benefit (Supplement 2) 1t=2 γ3 −8.199∗∗

(−2.41)
Incremental Disclosure Benefit (Supplement 3) 1t=3 γ4 −10.556∗∗∗

(−4.61)
Incremental Disclosure Benefit (Supplement 4) 1t=4 γ5 −194..193

(−0.01)
Incremental Disclosure Benefit (Supplement 5) 1t=5 γ6 −284..335

(−0.59)
Incremental Disclosure Benefit (Supplement 6) 1t=6 γ7 −60.262∗∗∗

(−4.78)
Incremental Disclosure Benefit (Supplement 7) 1t=7 γ8 133.662∗∗∗

(5.88)
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Table 4: Estimated Shares of Level-k Thinking

The table presents the estimated shares (sk,t) of companies using a given level of thinking (k) in a given period
(supplement). In Panel A, the shares in each period are calculated for companies that have not disclosed
in any of the previous periods. Companies that disclose in a given period leave the pool of companies for
which the shares are calculated in the next period. In Panel B, the shares in each period are calculated
for the subset of companies that also remained silent in the given period (not only in all previous periods).
We caution that the share estimates are more informative in earlier periods, as more companies have yet to
make their disclosure choice in those periods compared to later ones (where the estimated shares either take
extreme values or do not depart from the initial values). Bootstrapped standard errors (in parentheses) are
reported below the respective shares.

Panel A: Shares Among Previously Non-Disclosing Companies

Level-k Thinking
Supplement 0 1 2 3
1 Share 0.241 0.000 0.272 0.487

(SE) (0.045) (0.023) (0.092) (0.085)
2 Share 0.295 0.372 0.168 0.165

(SE) (0.142) (0.192) (0.167) (0.098)
3 Share 0.333 0.238 0.178 0.250

(SE) (0.158) (0.209) (0.213) (0.181)
4 Share 0.000 0.752 0.059 0.188

(SE) (0.000) (0.182) (0.037) (0.192)
5 Share 0.112 0.197 0.191 0.500

(SE) (0.078) (0.138) (0.133) (0.346)
6 Share 0.000 0.000 1.000 0.000

(SE) (0.000) (0.000) (0.000) (0.000)
7 Share 0.256 0.231 0.256 0.256

(SE) (0.029) (0.086) (0.029) (0.029)

Panel B: Shares Among Still Non-Disclosing Companies

Level-k Thinking
Supplement 0 1 2 3
1 Share 0.733 0.000 0.254 0.013

(SE) (0.097) (0.054) (0.090) (0.014)
2 Share 0.479 0.407 0.106 0.008

(SE) (0.202) (0.220) (0.124) (0.010)
3 Share 0.636 0.260 0.081 0.023

(SE) (0.239) (0.245) (0.115) (0.034)
4 Share 0.000 0.836 0.066 0.098

(SE) (0.000) (0.147) (0.037) (0.152)
5 Share 0.126 0.222 0.215 0.438

(SE) (0.079) (0.139) (0.134) (0.350)
6 Share 0.000 0.000 1.000 0.000

(SE) (0.000) (0.000) (0.000) (0.000)
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Table 5: Level-k Thinking and Learning

The table presents evidence on companies’ level-k thinking and learning. Panel A presents estimates of a
linear time trend in companies’ expected level of thinking (E[k]) using a pooled and a company-fixed-effects
regression (with observations at the company-period level). Panel B presents estimates from pooled and
company-level-k-fixed-effects regressions of companies’ posterior probabilities (φ) and log odds ( φ

1−φ ) on the
absolute distance between a given level-k’s disclosure threshold and the ex post observed disclosure threshold
in the previous period (with observations at the company-level-k-period level). Panel C presents estimates
from company-fixed-effects regressions of disclosure on companies’ types relative to the ex post observed
disclosure threshold in the previous period and relative to the expected threshold based on companies’ level-
k thinking in the previous period (with observations at the company-period level). All regressions include
only company-period observations for companies that did not disclose in any of the previous periods (i.e.,
those companies that can still make the decision to disclose). In fixed effects regressions, we drop companies
with just one observation (singletons). The t-statistics (in parentheses) are based on standard errors clustered
at the company level. *, **, *** denote statistical significance at the 10, 5, and 1 percent level (two-tailed),
respectively.

Panel A: Linear Trend

Yt Expected Level (E[k]) Expected Level (E[k])

t 0.291∗∗∗ 0.206∗∗∗

(11.97) (6.85)

Fixed Effects Intercept Company
Observations 90 74
Companies 37 21
R2 0.402 0.713

Panel B: Directed Learning

Yt Probability (φ) Probability (φ) Log Odds ( φ
1−φ ) Log Odds ( φ

1−φ )

|Ek,t−1[θ]− Et−1[θ]| −0.013∗∗∗ −0.073∗∗∗ −10.336∗∗∗ 8.038
(−2.83) (−3.41) (−4.32) (0.68)

Fixed Effects Intercept Company-Level-k Intercept Company-Level-k
Observations 270 222 255 206
Companies 37 21 37 21
R2 0.059 0.209 0.168 0.255

Panel C: Previous Thresholds versus Thinking

Yt Disclosure Disclosure

(θ − Et−1[θ]) 0.239∗∗∗ 0.190∗∗∗

(9.27) (5.82)
(θ − E[Ek,t−1[θ]]) 0.031

(0.84)

Fixed Effects Company Company
Observations 74 54
Companies 21 14
R2 0.542 0.537
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Table 6: Model Fit and Comparison

The table reports the fit (log-likelihood) of our model in Panel A and compares it with the fit of nested models
via likelihood-ratio tests in Panel B. The nested models include a model without an intercept or controls
(Xi,t), a model restricted to the unravelling level of thinking (k = 3), and a model restricted to constant shares
of level-k thinking (sk,t = sk) across supplements. The likelihood ratio is given by LR = −2(LL2 − LL1),
where LL1 denotes the log-likelihood of our model and LL2 denotes the log-likelihood of a nested model. The
degrees of freedom represent the difference in free parameters compared to our base model. The likelihood-
ratio test yields a χ2 distributed test statistic. We provide one-tailed p-values for the test statistics under
the null hypothesis (H0) that our model does not exhibit a significantly better model fit than the nested
models.

Panel A: Model Fit

Model Log-Likelihood

Our Model -108.234

Panel B: Model Comparison

Alternative Models Log-Likelihood Likelihood Ratio Degrees of Freedom p-value

No Controls −120.407 24.346 9 0.004
Unravelling Only −126.761 37.055 21 0.017
Constant Level-k Shares −121.655 26.843 18 0.082
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A.1 Data Sources

We collected all the disclosure data used in this paper from two sources. The first source
is the Commercial & Financial Chronicle, a respected financial newspaper, for which we
collected data from their first eight quarterly streetcar supplements (the supplement was
called the Street Railway Supplement). These eight supplements were published on the
following dates:

• March 9, 1895

• May 25, 1895

• August 31, 1895

• November 30, 1895

• February 29, 1896

• May 30, 1896

• August 29, 1896

• November 28, 1896

We accessed digital copies of these supplements through FRASER, a digital library main-
tained by the Federal Reserve Bank of St. Louis. (For our pricing test, we further collected
bid prices from the Commercial & Financial Chronicle’s Quotations Supplement of Decem-
ber 5, 1896.)

The second source is the Street Railway Journal, for which we collected data from their
first streetcar supplement (the supplement was called American Street Railway Investments),
which was published on June 15, 1894. We accessed a digital copy of this supplement,
provided by the University of Michigan, through the HathiTrust Digital Library. The Street
Railway Journal published this supplement on an annual basis. The second issue came out
on May 1, 1895. We did not collect data from it, since it came out after the Commercial &
Financial Chronicle had already published its first quarterly supplement.

We hired a company specialized in data collection from archives to hand-collect the data.
We heavily checked this data—sometimes with code, often by hand—to fix any errors in the
initial hand-collection. The specific collection procedure will be discussed separately below
for each variable.

A.2 Detailed Description of Variables

We describe the following variables in detail:

• Disclosure

• ROIC

• Invested Capital Growth

• Number of Competitors
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A.2.1 Disclosure

The variable Disclosure is an indicator variable that equals 1 for the first supplement in
which a company, or one of its subsidiaries, reports net earnings.1 The indicator continues
to equal 1 in all future periods, since the company has already disclosed.

To collect this data, we had a third party hand-collect an indicator variable for whether or
not each company reported net earnings in each supplement. We instructed the third party
to mark a company as reporting net earnings if it either reported net earnings or reported
gross earnings and then listed expenses, since net earnings can typically be calculated as
gross earnings minus the reported expenses.2 To check the hand collection, we had a research
assistant write a program to automatically identify (based on the original texts) which of the
companies reported net earnings each supplement. The research assistant then hand-checked
the cases where the code disagreed with the third-party hand-collected data.

A.2.2 ROIC

ROIC, our cross-sectional measure of each company’s type, is measured as the company’s
net earnings divided by its invested capital, all multiplied by 100 to put it in percentage
terms. We measure ROIC on a “consolidated” basis. This means we sum up net earnings
and invested capital across a company and all its subsidiaries, if it has any, when we calculate
ROIC.3

Net earnings for all the companies is measured at one point in time, using the dollar
number reported on November 28, 1896, the last supplement we collected for our sample.
We collect it as a snapshot at one point in time because we want ROIC to be a cross-sectional
measure of company type. We collect it from the last supplement in our sample to maximize
the number of companies included in the snapshot, since we cannot collect a company’s net
earnings in periods before it first discloses. We hand-collected the net earnings reported in
that last supplement for each company.4 Net earnings is usually reported for a 12-month
period, but occasionally it is reported for a different number of months. In such cases, we
re-scale the net earnings to a 12-month period (i.e., if the company reports net earnings for
a 3-month period, we divide the net earnings by the fraction 3/12).

1The subsidiaries are dropped from the sample for our tests. Thus, for each supplement, we keep only
one observation for each affiliated group, where an affiliated group includes the parent company and its
subsidiaries, if it has any subsidiaries.

2We instructed the third party that a company’s net earnings is typically reported in a section titled
“EARNINGS” or “ANNUAL REPORT,” and it might have any of the following names: “net earnings,”
“net income,” “net,” “net inc. after int.,” “Railway net.,” “net receipts,” “net revenue,” “deficit,” or “loss
from operating.”

3Thus, for each company, ROIC =
∑

NetEarnings∑
InvestedCapital , where the sums in the numerator and denominator

are over the parent company and all of its subsidiaries. Net earnings and invested capital are both measured
separately for each parent and subsidiary, according to the procedures described below, before being summed
up in the numerator and denominator of ROIC.

4For all but one of the companies, net earnings was clearly labeled in the company’s entry in the sup-
plement. For the one remaining company, net earnings was not reported as a separate line item, but gross
earnings and operating expenses were both reported, so we calculated net earnings as the difference between
the two.
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We measure invested capital as the average capital invested in the company at the be-
ginning of the sample period, on June 15, 1894, and the end, on November 28, 1896. Since,
for most of the companies, the net earnings in the numerator is for fiscal 1895, scaling by
the average of beginning and ending invested capital is similar to the standard practice,
when calculating ROIC today, of scaling operating earnings by the average of beginning
and ending capital for the year. We measure invested capital as the sum of the company’s
dollar values of stock outstanding and bonds outstanding, as reported in the supplements.
To preserve observations, in cases where stock outstanding is missing for the company in
either June 1894 or November 1896, we just measure invested capital as of the date when
it is not missing. If bonds outstanding is missing, we assume that there are zero dollars of
bonds outstanding.

A.2.3 Invested Capital Growth

Invested Capital Growth is a variable with separate values for each company and sup-
plement, and it is measured as the percentage growth in the company’s stocks and bonds
outstanding from the previous supplement to the current one.

For the Invested Capital Growth variable, a company’s capital in a given supplement is
equal to the sum of its stock and bonds outstanding reported in that supplement. To calculate
growth, capital must be non-missing for both the previous and current supplements. If bonds
outstanding is missing in either of these supplements, then only stock outstanding is used to
calculate Invested Capital Growth for the company. Similarly, if stock outstanding is missing
in either of them, then only bonds outstanding is used.

Invested Capital Growth is measured at the “consolidated” level. Thus, the percentage
capital growth is measured separately for the parent company and each of its subsidiaries,
if any (ignoring subsidiaries with missing data), and then taking a weighted average across
these entities, with the weight being each entity’s capital as of the previous supplement.

To preserve observations, Invested Capital Growth is set to zero percent whenever the
data needed to calculate it is missing.

A.2.4 Number of Competitors

Number of Competitors is equal to the number of companies that operate in a city at the
time of each streetcar supplement. It is a time-varying variable at the city level, changing
for each city from supplement to supplement. If a company has subsidiaries, both it and the
subsidiaries together are counted as one company (i.e., subsidiaries do not add to the count
of competitors in the city). Companies are included in the count for Number of Competitors
even if they are excluded from the sample for the tests (see Section A.4 for the list of sample
exclusions).
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A.3 Merging the Panel of Company Observations Across

the Supplements

To create our panel data, we merged the data from the eight Chronicle supplements and
the one Street Railway Journal supplement together by company.

The supplements give the city of the company and the company’s name. Frequently, these
names change slightly (e.g., in some quarters, the word “Railway” will be abbreviated “Ry.”).
Thus, we chose to hand-match each company’s observations across the nine supplements. We
assign the company a single name for the entire sample period, which we call “unique name.”
Frequently, two different companies in different cities will have the same name. Thus, a
company is uniquely identified by its city and its “unique name.” We can tell that the two
companies are different from each other, even though they have the same name. In the
handful of cases where a single company is listed as operating in multiple cities, only one
city will contain an entry with the company’s information. In the other cities, the company’s
name will be listed, with a note to refer to the other city where the information is listed.

The supplements typically show separate entries for a parent company and its sub-
sidiaries, which operate within the same city. We assign both the parent and its affiliated
subsidiaries a common identifier, which we call “consol name.” The variable “consol name”
is unique to each affiliated group within each city (since two different parent companies in
different cities can have the same name). Thus, an affiliated group is uniquely identified by
city and “consol name.” In the paper, all of our analysis is done at the “consolidated” level,
meaning we keep only one observation per affiliated group for each supplement (where an
affiliated group includes the parent and all of its subsidiaries).

A.4 Sample Construction

Our sample consists of streetcar companies that operate in the Northeast, by which
we mean Pennsylvania, New Jersey, New York, Massachusetts, Rhode Island, Connecticut,
Maine, Vermont, and New Hampshire. If a company has subsidiaries, we count the parent
and its subsidiaries collectively as a single company. We apply the following restrictions to
the population of companies, from these Northeastern states, that appear in at least one of
the nine supplements from June 1894 to November 1896:

• Number of companies from Northeastern states (PA, NJ, NY, MA, RI, CT, ME, VT,
and NH) that appear in at least one of the nine supplements: 481

• Number remaining after keeping only those that are present in the first supplement
(i.e., the one from June 15, 1894): 346

• Number remaining after keeping only those that are present in the last supplement
(i.e., the one from November 28, 1896): 178

• Number remaining that ever disclose net earnings in any of the nine supplements: 169

• Number remaining that disclose net earnings in the last supplement (i.e., the one from
November 28, 1896): 145
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We keep only companies that existed as of the first supplement, which was published
on June 15, 1894. This restriction avoids conflating companies’ disclosure decisions with
their decisions to start operating or raise capital for the first time, or with the Chronicle’s
expansion of its coverage.

We keep only companies that existed as of the last supplement, which was published
on November 28, 1896. This restriction is necessary, since we collect net earnings from that
supplement in order to determine each company’s type. This restriction drops our sample by
168 companies, from 347 to 179. The vast majority of the drop in companies appears to come
from a drop in coverage by the supplements in our sample. Of the 168 dropped companies,
128 only appear in the first supplement, and are missing from all later ones. This seems to
occur because the first supplement, which was published by the Street Railway Journal, has
greater coverage than the later supplements, which were published by the Commercial &
Financial Chronicle. Among the remaining 40 companies, some became subsidiaries of other
companies,5 and others likely went out of business. The disclosure rate is still reasonably
high for these remaining 40 companies: 67.5% of them disclose their net earnings before they
disappear from the supplements.

For our main analysis (not for our disclosure graph (Figure 5) though), we must restrict
the sample to companies that disclose net earnings, since we use net earnings to determine
each company’s type. Restricting to companies that ever disclose net earnings drops the
sample by 10 companies, from 179 to 169. Restricting it further to companies that report
net earnings in the last supplement drops it by another 24 companies, from 169 to 145.
These 24 companies disclose net earnings at some point in the sample period, but no longer
disclose as of the last supplement.

The remaining 145 companies constitute our final sample. Since these companies exist
throughout our entire sample period, the full sample is a balanced panel of company-period
observations, where each “period” is an issue of the newspaper supplements.

A.5 Detailed Disclosure Data Over Time

Figure A.1 plots a histogram for each of the streetcar supplements in the sample, showing
the number of disclosers and non-disclosers among the companies who have not yet disclosed
in any of the previous supplements. The histograms show that disclosure is more common
among companies at the high end of the distribution each period. This is consistent with
our aggregate finding of a declining average ROIC among the remaining silent companies.

A.6 States that Require Streetcar Companies to Re-

port to the State Railroad Commission

The streetcar industry in the 1890s allows studying companies’ voluntary disclosure to
investors due to the absence of securities regulation mandating public disclosure to protect
investors. Streetcar companies’ financial reporting, however, was not completely unregulated.

5For example, the Brooklyn Queens County & Suburban Railroad became a subsidiary of Brooklyn Rapid
Transit partway through the sample period.
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In three Northeastern states (Massachusetts, New Hampshire, and Connecticut), streetcar
companies were required to report to state railroad commissions, which were state regulators
tasked primarily with making sure rates were fair and transportation lines were safe for
consumers.6 In the following, we provide more detail on these reporting requirements and
discuss their impact on our inferences.

In the main tests reported in our paper, our sample includes streetcar companies from
Massachusetts, New Hampshire, and Connecticut because we expect that the requirement to
report to state regulators did not immediately imply that dispersed investors were privy to
the streetcar companies’ reports. In addition, anecdotes from the period indicate that state
regulations were only weakly enforced, and that the railroad commissions were ineffective
regulators.7 Consequently, even in cases when the companies were supposed to report to the
state regulator, their public disclosures to investors appear to have been de facto voluntary.

To examine the impact of this sample selection choice on our inferences, we re-examine
the stylized facts of the streetcar industry, excluding each of the three states with reporting
requirements separately as well as all three states at once. We find that the stylized facts
that motivated our study continue to hold in the subsamples excluding the respective states.
Figure A.2 shows that we continue to see initially incomplete disclosure followed by a rapid
convergence to full disclosure when the sample excludes companies from, respectively, either
(a) Massachusetts, (b) New Hampshire, (c) Connecticut, or (d) all three of these states.
(Excluding companies from all three states drops the number of companies from 145 to 95.)
Similarly, we continue to observe a decline in the average ROIC among the remaining non-
disclosing companies over time in Figure A.3 when the sample excludes companies from,
respectively, either (a) Massachusetts, (b) New Hampshire, (c) Connecticut, or (d) all three
of these states. Collectively, Figures A.2 and A.3 show that the states with requirements to

6This information comes from a 1903 report by the Interstate Commerce Commission on state statutes
related to railways (Interstate Commerce Commission, 1903). The report describes, for each state in the
United States, the statutes in effect as of 1890 and 1902, and it describes when changes occurred in the
intervening years. In Part IV of the report, Table IV describes what entities other than railroads were
required to report to the state railroad commissions. Among the states in our sample, only three required
streetcar companies to report to the state railroad commission during the period between 1890 and 1902:
Connecticut, which introduced its requirement in 1893; Massachusetts, which had its requirement in place
as of 1890; and New Hampshire, which introduced its requirement in 1895. (In panel A of Table IV, titled
“Powers of Railroad Commissions: Powers relative to conditions of business administration,” see the column
titled “To require or receive reports from what besides railroads?”)

7An article at the time from the American Economic Association said the following of the state railroad
commissions (Clark, 1891, pages 49-50): “The commission system in its present state, handed down from a
past near in time but remote in means and methods, is utterly inefficient and unable to meet the needs of the
expanded trade and commerce of today. We have convincing evidence of this in the fact that destructive rate
wars frequently occur, extending through a long period of time and covering a vast territory; that complaints
pour in by the hundred to some of our state commissions and to the interstate commission; that these
complaints are increasing so rapidly that already the commissions as well as the courts are burdened with
overwork; that secrecy, double dealing and many other evil practices flourish so luxuriantly in the railroad
industry; and that a sort of smothered jealously and ungovernable fear run through society toward the great
railroad corporations. ... The machinery in the form of commissions, created by a large number of the
states of the Union for the purpose of administering the laws in respect to the railroads is not effective. If it
were, repeated violations of the law would become less frequent. That it is not effective is due in part to the
construction of commissions themselves, more largely perhaps to the need of power, and behind the power a
strong public sentiment on the part of the people.”
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report to state regulators do not appear to exhibit an undue influence on our stylized facts,
supporting the inclusion of companies from Massachusetts, New Hampshire, and Connecticut
in our main sample.

In line with the robustness of the stylized facts, we also find that our main disclosure-
utility-parameter estimates are widely unaffected by the exclusion of companies from states
with reporting requirements. Similarly, we continue to find evidence of lower levels of think-
ing in initial rounds and a subsequent increase in the level of thinking (in terms of level-k
shares). Our explicit tests regarding learning, however, are not fully robust to the exclusion
of streetcar companies from states with reporting requirements (especially Connecticut), as
a result of a notable decline in sample size.

Overall, our inferences regarding the dynamics of companies’ disclosure and learning are
least affected by dropping Massachusetts, the state with the most stringently enforced re-
quirements (Clark, 1891), or New Hampshire. This makes sense, since Massachusetts and
New Hampshire contribute little to the dynamics in the model. Only 3 companies from Mas-
sachusetts and 2 companies from New Hampshire fail to disclose in the first supplement, and
thus contribute to the dynamics. Note that, in the case of Massachusetts, the 3 companies
failing to disclose in June 1894 were already subject to the requirement to report to the state
railroad commission, since this requirement was imposed in Massachusetts before 1890. Ei-
ther the newspaper lacked the reports received by the Massachusetts Railroad Commission,
or it chose not to pass the information along to the investors in its readership. In the case
of New Hampshire, its requirement was introduced in 1895. One New Hampshire company
waited until the May 1896 supplement (i.e., the seventh supplement) to disclose—it is pos-
sible that this disclosure is related to the new requirement to report to the state railroad
commission. However, this late first-time disclosure also suggests that the earlier disclosures
were voluntary for New Hampshire companies.8

Our inferences regarding the dynamics of companies’ disclosures and learning are sen-
sitive to dropping Connecticut. When we drop Connecticut, many of the structural model
comparisons and explicit learning results lose significance. It makes sense that dropping
Connecticut would have a larger impact than dropping the other two states, since Connecti-
cut contributes greatly to the dynamics in the model. Fifteen of the seventeen Connecticut
companies stay silent in the first supplement, and 3 of them wait until the sixth supplement
(i.e., February 1896) before disclosing earnings for the first time.

Given the sensitivity of some of our results to the exclusion of companies from Con-
necticut, we have investigated the disclosures and requirements of Connecticut companies
in detail. Our investigation indicates that disclosure to dispersed investors was effectively
voluntary for Connecticut companies up to, and including, the fifth supplement in November
1895. The three companies that had failed to disclose by November 1895 might have been
forced to disclose in the next supplement, in February 1896. Connecticut passed a law in
1893 requiring streetcar companies to report to the state railroad commission by October 1,
1894, and then once per year thereafter.9 Thus Connecticut’s railroad commission received

8One New Hampshire company never disclosed, even though it had existed since June 1894. However, we
are uncertain whether this indicates that disclosure remained voluntary for New Hampshire companies up
to the end of our sample period, since this company was in receivership in November 1896, and thus might
represent a special case.

9The Connecticut statute, An Act Concerning Street Railways, was passed in 1893. The relevant part
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reports from the streetcar companies before the second newspaper supplement came out in
March 1895. However, it appears that the commission did not at first make these reports
available to the newspapers. Its annual report for 1894, published in December of that year,
does not contain the earnings information of the streetcar companies (Connecticut Railroad
Commissioners, 1894). This would explain why 6 of the Connecticut companies remain silent
in the March 1895 supplement. In the annual report for the next year, published in December
1895, Connecticut’s railroad commission chose to include earnings information for the state’s
streetcar companies (Connecticut Railroad Commissioners, 1895). This seems to have ended
the companies’ ability to withhold their earnings from the newspapers. In the very next
newspaper supplement, in February 1896, earnings disclosures appeared for the last 3 Con-
necticut companies that had remained silent up to that point. And in that supplement, the
Chronicle mentioned that it had access to the Connecticut railroad commissioners’ annual
report (Commercial & Financial Chronicle, 1896).

In summary, our paper’s sample of streetcar companies includes companies that were
required to report to their state railroad commissions during the sample period, since it ap-
pears that reporting to dispersed investors through the newspapers remained voluntary for
these companies. If we remove all of these companies from the sample, the empirical facts
which motivate our study still hold. And the results from our model are widely robust to re-
moving the companies from two of the three states, either Massachusetts or New Hampshire.
In the case of the third state, Connecticut, further investigation reveals that disclosure to
investors likely remained voluntary up until December 1895, indicating that only 3 of the 17
Connecticut companies were possibly forced to disclose.

of the statute was section 14, which reads as follows: “All street railway companies or trustees operating
street railways within this state, shall, on or before the first day of October, 1894, and annually thereafter,
make a return to the railroad commissioners in such form as said railroad commissioners shall prescribe,
which form shall substantially follow the requirements of section 3586 of the general statutes in so far as
they are applicable to the business and affairs of street railways, with such additional matters as shall render
said returns as complete, as to the business, property, and affairs of street railways, as were required from
steam railroads under said section 3586, which said returns shall be signed and sworn to by the president and
treasurer of the company, or by a majority of the trustees making the same. And the railroad commissioners
shall annually, on or before the first day of August, furnish to the officers or trustees of every street railway
company blank forms which shall conform to the requirements of this section. The provisions of sections
3589 and 3590 of the general statutes shall apply to street railways. Every company, whose president and
treasurer or trustees shall refuse or neglect to make such returns, shall forfeit to the state twenty-five dollars
for each day of such neglect or refusal, and said commissioners shall report such forfeiture to the treasurer,
and the books of every railway company shall at all times be open to the inspection of any committee of the
general assembly appointed for that purpose.”
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Figure A.1: Number of Disclosers and Non-Disclosers by ROIC (θ)

The figure shows, for each streetcar supplement in the sample, the number of disclosers and non-disclosers
at each level of ROIC (θ). A separate histogram is plotted for each streetcar supplement. In each histogram,
the sample is restricted to companies that have not yet disclosed in any of the previous supplements. In each
histogram, the companies are sorted into buckets based on ROIC, rounded to the nearest percentage point.
At each ROIC, the number of companies who choose to remain silent in that supplement (the unshaded
region) are stacked on top of the number of companies who choose to disclose in that supplement (the
shaded region). In each histogram, the Level 1 and Level 2 disclosure thresholds are shown with vertical
lines (with a thicker line for the Level 1 threshold).

(a) Supplement 1: June 15, 1894 (b) Supplement 2: March 9, 1895

(c) Supplement 3: May 25, 1895 (d) Supplement 4: August 31, 1895
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(e) Supplement 5: November 30, 1895 (f) Supplement 6: February 29, 1896

(g) Supplement 7: May 30, 1896
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Figure A.2: Fraction of Companies Disclosing

Excluding Massachusetts, New Hampshire, or Connecticut

The figure plots the fraction of disclosing companies over time across different subsamples. In each plot,
respectively, the sample excludes companies from either (a) Massachusetts, (b) New Hampshire, (c) Con-
necticut, or (d) all three of these states. A company is a disclosing company if it provided its net earnings
in the current supplement or any of the previous supplements. Supplement “0” depicts the time before the
first supplement came out. Supplement 1 is the first supplement, which was produced by the Street Railway
Journal in June 1894. Supplements 2 through 9 are the following supplements, which were produced by the
Commercial & Financial Chronicle between March 1895 and November 1896. The gray area depicts the 90
percent confidence interval.

(a) Excluding MA (b) Excluding NH

(c) Excluding CT (d) Excluding MA, NH, and CT
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Figure A.3: Average Type of Non-Disclosing Companies

Excluding Massachusetts, New Hampshire, or Connecticut

The figure plots the average type among companies that, as of the current supplement, have not yet disclosed
net earnings in any of the previous supplements. In each plot, respectively, the sample excludes companies
from either (a) Massachusetts, (b) New Hampshire, (c) Connecticut, or (d) all three of these states. We
proxy for companies’ types using their returns on invested capital (ROIC), measured as the ratio of net
earnings to invested capital on November 28, 1896, the last supplement for which we collect disclosure data.
Since ROIC is a cross-sectional measure from one point in time, the changes in ROIC depicted in the figure
reflect changes in the composition of non-disclosing companies (i.e., the remaining pool) from one supplement
to the next. They do not reflect changes in a given company’s ROIC over time (which are unknown in the
periods before a company first discloses). Supplement 1 is the first supplement, supplement 2 is the second,
and so on. The plot ends at supplement 7, since that is the last supplement in which any of the sample
companies start disclosing earnings. The gray area depicts the 90 percent confidence interval.

(a) Excluding MA (b) Excluding NH

(c) Excluding CT (d) Excluding MA, NH, and CT
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