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This dissertation studies the pricing of stocks in capital markets. It comprises five chapters,
where the first serves as an introduction. The subsequent four chapters are each written as
self-contained research papers. While the theory of efficient markets serves as the theoretical
foundation, I approach the research from a conceptual starting point that recognizes market
mispricing.

The first paper investigates a testing methodology of market efficiency based on fundamental
valuation. The methodology is based on an investment strategy where stocks with high (low)
V/P-ratios are assigned into long (short) portfolios. We conjecture that under the assumption of
independence between the portfolio assignment and systematic risk, a positive return from such
investing strategy is inconsistent with market efficiency. We estimate fundamental values based
on a flexible residual income valuation model via the state-space framework and implement
the investment strategy on a sample of U.S. stocks spanning 1980-2017. The implementation
shows a significant positive monthly return. Moreover, the results are substantiated in a standard
five-factor model. In sum, these results appear anomalous with respect to market efficiency, at
least as given by the five-factor model.

The second paper examines whether improvements in earnings forecasting translate into
improvements in implied cost of capital estimates of expected returns. I attain high-performing
earnings forecasting via a machine learning approach. In particular, I implement and evaluate
six popular machine learning methods to forecast earnings. The evaluation demonstrates that
the machine learning algorithms can generate earnings forecasts that consistently outperform
state-of-the-art benchmarks. Moreover, I estimate the implied cost of capital on a sample of
U.S. stocks spanning 2000-2017. The general result indicates that improvements in earnings
forecasting do not translate into improvements in return predictability. While issues with the
implied cost of capital methodology could explain the results, another possible explanation is
market mispricing.

The third paper compares the performance between the implied cost of capital and factor
model approaches in estimating the cost of capital in an inefficient market. I conduct the
comparison in a Monte Carlo simulation experiment. The simulation results indicate that the
implied cost of capital approach is more robust to market inefficiency.

The fourth paper analyzes investor learning of cash flow expectations in the context of market
efficiency. I argue that the bias-variance tradeoff translates into inefficiencies in market pricing.
Moreover, in a simple model, I prove that these inefficiencies can be exploited by an investor
aware of whether market prices exhibit a bias or suboptimal variance.
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1 Introduction

This dissertation studies the pricing of stocks in equity markets. It comprises
five chapters, where the first chapter serves as an introduction. The subsequent
four chapters are each written as self-contained research papers intended to be
read standalone. This introductory chapter connects the research papers to the
theoretical body known as market efficiency. At the core of the theory lies the
efficient market hypothesis.

Fama (1970) proposes the original formulation of the hypothesis, “4 mar-
ket in which prices always ‘fully reflect’ available information is called ‘effi-
cient”™ (Fama, 1970, p. 383). The original version of market efficiency pre-
supposes a market pricing mechanism that sets stock prices equal to funda-
mental values (Fama, 1965, 1970, 1976; Samuelson, 1965, 1973). Since such
market pricing asserts the impossibility of any arbitrage, the condition is
known as the no-arbitrage condition. While Fama (1991) emphasizes the ad-
vantages of the original version as a clean and simple benchmark, he acknowl-
edges that it is “...most surely false...” (Fama, 1991, p. 1575) due to the ex-
istence of information and trading costs. Moreover, he provides an alternative
version of the efficient market hypothesis, “...prices reflect information to the
point where the marginal benefits of acting on information (the profits to be
made) do not exceed the marginal costs...” (Fama, 1991, p. 1575).! Still, the
original version is arguably the most widespread definition of market effi-
ciency (Fama, 1991; Cochrane, 2011). This introductory chapter makes a the-
oretical contribution by developing the alternative version of the efficient mar-
ket hypothesis that regonizes the existence of costs for maintaining the market
pricing mechanism. Fama refers to the alternative version as “4 weaker and
economically more sensible version...” (Fama, 1991, p. 1575). I suggest using
the name — market efficiency 2.0.

Grossman and Stiglitz (1980) critique the original version of market effi-
ciency. In particular, they identify a free-rider problem associated with the
investors’ information gathering costs. They argue that in a market where
prices fully reflect all information, investors have no incentive to gather infor-
mation since market prices already reflect all information. In fact, there is a

IThe definition follows Jensen’s (1978, p. 96) definition, “A market is efficient with respect to
information set QO if it is impossible to make economic profits by trading on the basis of infor-
mation set Q;.”



disincentive since information gathering is costly. Hence, no investor would
gather information in such a market and, therefore, market prices cannot fully
reflect all information. As a solution to this conundrum, they propose an alter-
native dynamic for capital markets. In essence, they argue that investors must
be compensated for the information gathering costs through arbitrage trading.
Consequently, there must also exist uninformed investors (with zero infor-
mation gathering costs) on the other side of the trades, in effect, financing the
arbitrage. Moreover, in a simple model, they prove that such arbitrage can be
consistent with investor rationality, both concerning the informed and unin-
formed investors. Hence, market mispricing appears as a central feature even
in fully rational capital markets. Grossman and Stiglitz’s (1980) conundrum
and market dynamics frequently resurface in discussions of market efficiency
(Lee, 2001; Ang, 2010; Lee and So, 2014; Sloan, 2019). In addition, their cri-
tique appears to motivate Fama’s (1991) alternative version of the efficient
market hypothesis. Similarly, their alternative market dynamics with arbitrage
trading and investor heterogeneity serve as the theoretical basis for market
efficiency 2.0.

Notwithstanding this conundrum, the no-arbitrage condition is widely
adopted in both empirical and theoretical capital markets research. Lee (2001)
and, more recently, Lee and So (2014) develop the argumentation in Gross-
man and Stiglitz (1980). In addition, they complement the motivation for mar-
ket mispricing with the theories and empirical findings concerning investor
irrationality in the behavioral finance literature.> They conclude that the con-
ceptual starting point for capital market research should accommodate a more
complex price discovery process, where market prices are noisy manifesta-
tions of fundamental values. Taken as a whole, this dissertation abides by their
call. Moreover, Lee et al. (1999) provide a formalism consistent with this
view. Their proposed market pricing mechanism can be represented as,

Pir=Vie +é&ip 1.1

where
P; + = market price for stock [ at time t
V; + = fundamental value for stock i at time ¢
&; + = random market mispricing for stock i at time t

While theorizing abounds on market mispricing, representing it as a ran-
dom variable is arguably appropriate for capturing the haphazard behavior of
either uninformed or irrational traders. Moreover, the flexibility of Equation

2See Shleifer (2000) and Barberis and Thaler (2003) for reviews of the behavioral finance lit-
erature.
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1.1 facilitates the formalization of general characterizations of market dynam-
ics. For instance, Benjamin Graham remarked, “In the short-run, the market
is a voting machine...but in the long-run, the market is a weighing machine”
(Buffett, 1994). This characterization suggests that market prices can diverge
in the short-term but converge in the long-term. A possible representation of
the “weighing machine” would denote the conditional expected value of mar-
ket mispricing as Et[si,tﬂ] = 0 where 7 denotes the long-run and E.[.] de-
notes the expected value operator, conditioned on all available information.
Moreover, the “voting machine” would arguably imply high contemporaneous
variance and, possibly, the presence of cross-sectional correlation. This view
of market pricing has motivated the value investing strand of academic re-
search (Frankel and Lee, 1998; Piotroski, 2000; Mohanram, 2005; Piotroski
and So, 2012; Li and Mohanram, 2019). More broadly, the vast literature on
cross-sectional return anomalies can be regarded as stemming from such an
understanding of the market dynamics (for an overview, see Hou et al., 2020,
which replicate 452 return anomalies). Paul Samuelson provides another char-
acterization. He hypothesizes that “Modern markets show considerable micro
efficiency... [and] ...macro inefficiency, in the sense of long waves in the time
series of aggregate indexes of security prices below and above various defi-
nitions of fundamental values.” (Jung and Shiller, 2005, p. 221). The charac-
terization of “macro inefficiency” suggests a temporal bias in the market mis-
pricing, and could be represented by Et[Si,t] = u; where y; follows some per-
sistent and likely mean-zero-reverting stochastic process. In addition, “micro
efficiency” suggests small contemporaneous variances and cross-sectional in-
dependence. The investor sentiment literature stems from this view of the mar-
ket dynamics (Baker and Wurgler, 2006; Huang et al., 2015). Moreover, Fama
(1965, p. 36) recognizes the existence of market mispricing. He states that
“...market prices need not correspond to intrinsic values. In a world of un-
certainty intrinsic values are not known exactly. Thus there can always be
disagreement among individuals, and in this way actual prices and intrinsic
values can differ. Henceforth uncertainty or disagreement concerning intrin-
sic values will come under the general heading of ‘noise’ in the market.” Ar-
guably, Fama’s view can be interpreted as market prices representing the best
estimate of fundamental values and, thus, the market mispricing can be ex-
pressed as ]Et[si,t] = 0 with negligible variances and independence. Fama
(1991) reaffirms such a view by arguing that the original definition of market
efficiency, including the no-arbitrage condition, is indeed a valid approxima-
tion of the pricing in capital markets. This view is ubiquitous in capital market
research: for instance, risk factor models (Fama and French, 1992, 2015; Hou
et al., 2015), fundamental valuation (Nekrasov and Shroff, 2009; Lyle et al.,
2013; Bach and Christensen, 2016), and implied cost of capital (Claus and
Thomas, 2001; Gebhardt et al., 2001; Hou et al., 2012; Li and Mohanram,
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2014; Callen and Lyle, 2020). For more examples, see Lee (2001) as well as
Lee and So (2014).

In Equation 1.1, fundamental value can be conceptualized as the equilib-
rium price at which an omniscient and fully rational investor would be indif-
ferent between buying and selling a stock. In this context, omniscient includes
exact knowledge about the expected value of all future cash flows and appro-
priate risk adjustment but excludes perfect foresight. Moreover, a defining
feature of fundamental value is conformity with the no-arbitrage condition
(Rubinstein, 1976; Feltham and Ohlson, 1999; Christensen and Feltham,
2009). In capital markets research, fundamental value is commonly repre-
sented as the expected discounted cash flows, also known as the dividend dis-
count model. Lee et al. (1999) emphasize that fundamental values are unob-
servable in practice. Therefore, they must be estimated; hence, the estimates
contain a measurement error. Following the exposition in Lee et al. (1999),
fundamental value estimates can be represented as,

~

Vie=Vit +w;; 1.2

where
Vi,t = fundamental value estimate for stock i at time ¢
w; ¢+ = random measurement error for stock i at time t

The measurement error captures imprecisions, misspecifications, simplifi-
cations and otherwise erroneous assumptions in the fundamental analysis. For
instance, Ang and Liu (2004) examine measurement errors connected to sim-
plification of time-varying discount rates to a constant. Hughes et al. (2009)
examine a similar simplification in the context of implied cost of capital®. In
addition, the measurement error includes imprecision from the learning pro-
cess. Such imprecisions are caused by the noise in the information set. The
investor learning literature examines the implication of such noise on capital
markets (Timmermann, 1993; Lewellen and Shanken, 2002; Pastor and Vero-
nesi, 2003; Pastor and Veronesi, 2009).

Barberis and Thaler (2003) argue that the mere existence of mispricing
does not necessitate an arbitrage opportunity, i.e., an investment strategy with
a positive expected abnormal return. They argue in line with Shleifer and
Vishny (1997) and point to the inherent risk of arbitrage investing in real cap-
ital markets. For instance, the risk in arbitrage stems from a lack of perfect
hedges, agency concerns due to delegated investment management, short-sale
constraints and forced liquidation. These market dynamics and features imply
that market mispricing is governed by a highly complex stochastic process. In
addition, Barberis and Thaler (2003) argue that finding arbitrage opportunities

3 I use cost of capital synonymous with discount rates throughout this dissertation.
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constitutes an additional challenge for the arbitrageurs. Hence, there can be
considerable complexity in the randomness of the measurement error in Equa-
tion 1.2. Still, Grossman and Stiglitz (1980) argue that some investors must
be able to successfully find and exploit arbitrage opportunities in the capital
market as compensation for the information costs.

From a research perspective, there are several benefits with the representa-
tion in Equations 1.1 and 1.2. The representation accommodates arbitrage
trading, consistent with the existence of information costs (Grossman and
Stiglitz, 1980), and allows the possibility of irrational investor behavior
through the market mispricing term in Equation 1.1. Moreover, the represen-
tation emphasizes the challenges of identifying any arbitrage opportunity with
the measurement error in Equation 1.2. Moreover, the mathematical form of
mispricing and measurement error as random variables, rather than an arbi-
trarily crude approximation, facilitates mathematical descriptions and allows
for derivations of implications. Also, the representation is amendable to sta-
tistical estimation with auxiliary assumptions. As a whole, this representation
constitutes the conceptual framework for this dissertation.

In Paper I, we investigate a methodology for testing market efficiency
based on Equations 1.1 and 1.2. The methodology involves the value investing
investment strategy, where stocks with high (low) V/P-ratios are assigned into
long (short) portfolios (Frankel and Lee, 1998; Bach and Christensen, 2016;
Li and Mohanram, 2019). We conjecture that, under the assumption of inde-
pendence between the portfolio assignment and systematic risk, a positive net-
zero hedge return from such investing strategy is inconsistent with market ef-
ficiency. We implement the investment strategy on a sample of U.S. stocks
spanning the period 1980-2017 and find a significantly positive monthly
hedge return. To substantiate our results, we estimate Fama and French’s
(2015) five-factor regression. We find a significant positive abnormal return
(intercept) of the investment strategy. Moreover, the factor loadings in the re-
gression are all insignificant. This suggests that the investment strategy has no
exposure to systematic risk. Furthermore, this result indicates independence
between the portfolio assignment and systematic risk in our implementation.
In sum, these findings appear anomalous with respect to market efficiency, at
least as given by the five-factor model.

In addition, we estimate fundamental values based on the residual income
valuation model in Gode and Ohslon (2004) via the highly flexible state-space
framework. Hence, our estimation accommodates time variations in both dis-
count rates and abnormal earnings dynamics at the firm level. Such flexibility
alleviates concerns that time variations in the discount rate induce the return
predictability. Moreover, since we estimate fundamental values based on a
fully parametric model, the estimates rely neither on any noisy proxies for
expected cash flows nor on any factor model to estimate discount rates. Fi-
nally, the state-space framework facilitates the estimation of the combined er-
ror terms in Equations 1.1 and 1.2.
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In Paper II, I examine whether improvements in earnings forecasting trans-
late into improvements in implied cost of capital estimates of expected returns.
The implied cost of capital literature relies on the no-arbitrage condition, or
that market prices represent the best estimates of fundamental values. Under
this assumption, the implied cost of capital infers the cost of capital from the
valuation function commonly based on the market prices, earnings forecasts
and auxiliary assumptions (Claus and Thomas, 2001; Gebhardt et al., 2001;
Gode and Mohanram, 2003; Hou et al., 2012; Li and Mohanram, 2014; Callen
and Lyle, 2020). I estimate the implied cost of capital on a sample of U.S.
stocks spanning the period 2000—2017 and evaluate the implied cost of capital
estimates in both predictive return regressions and portfolio return analysis.
The general result is that improvements in earnings forecasting do not trans-
late into improvements in return predictability of the implied cost of capital
estimates. Larocque and Lyle (2017) argue that instabilities in the optimiza-
tion procedure could cause poor performance of the implied cost of capital.
Instead, they advocate using linear models of accounting ratios for predicting
returns. To examine these concerns, | estimate a simple linear regression of
the future return on return-on-equity forecasts and the current book-to-market
ratio. However, the general result remains. Another possible methodological
issue includes the rudimentary forecasting assumption regarding the balance
sheet. Moreover, the representation in Equations 1.1 and 1.2 serves as an ex-
planatory framework as market mispricing provides another possible explana-
tion for the results.

In addition, I attain high-performing earnings forecasting by adopting a ma-
chine learning approach similar to Gu et al. (2020). In particular, I implement
and evaluate six popular machine learning algorithms* based on a set of 194
predictor variables, including accounting, market, macro and industry varia-
bles. I show that machine learning algorithms, Gradient Boosted Regression
Trees and Artificial Neural Network, can consistently outperform state-of-the-
art benchmarks for up to five years ahead. This finding indicates that an earn-
ings forecasting approach based on more flexible and nonlinear models, in
conjunction with a comprehensive set of predictor variables, is preferable to
parsimonious linear panel regressions.

In Paper I11, I compare the performance between the implied cost of capital
and factor model approaches in estimating the cost of capital in an inefficient
market, where market pricing is given by Equation 1.1. I conduct the compar-
ison in a Monte Carlo simulation experiment, where fundamental values are
given by the dividend discount model in Ang and Liu (2004). Moreover, |
examine different behaviors of market mispricing ranging from prices as the
best estimates of fundamental values to market-wide macro inefficiencies. The

4 Elastic Net, Principal Component Regression, Partial Least Squares, Random Forest, Gradient Boosting
and Artificial Neural Network (also known as Deep Learning).
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simulation results indicate that the implied cost of capital is more robust (less
sensitive to model misspecification) to market inefficiencies than the factor
model approach. However, the results depend on the experimental setting and
are likely best generalizable to stable, dividend-paying firms.

In addition, the study illustrates how Monte Carlo simulations can be useful
for evaluating the robustness of quantitative methodologies in capital market
research.

In Paper IV, I analyze investor learning of cash flow expectations in the
context of market efficiency. The investor learning literature investigates how
parameter uncertainty affects the fundamental values and market prices (Tim-
mermann, 1993; Pastor and Veronesi, 2003, 2006; Pastor and Veronesi, 2009).
This strand of the capital markets research aligns well with the representation
above. In particular, the noise in the investor’s, and thus the market’s, infor-
mation set causes the error terms in Equations 1.1 and 1.2. In the study, [ argue
that investor learning, consistent with market efficiency, must provide market
prices that are both unbiased and with minimal estimator variance (i.e., mini-
mal mispricing variance). However, 1 highlight the estimation theoretic
tradeoff between bias and estimator variance. In a simple model, I prove that
this tradeoff translates into inefficiencies in market prices that can be exploited
by an arbitrageur that is aware of whether market prices exhibit a bias or
suboptimal estimator variance. This implication appears challenging to recon-
cile with market efficiency.

In addition, I derive a closed-form solution for the expected abnormal re-
turn of an investment strategy with long (short) positions in undervalued
(overvalued) stocks where market prices are given by Equation 1.1, and the
investment signal is based on Equation 1.2. The analysis reveals that the ab-
normal profitability of such an investment strategy depends on the joint dis-
tribution of the market mispricing and the measurement error.
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2 The foundations of market efficiency

The original formulation of market efficiency is widely adopted in the litera-
ture. Fama (1991, p. 1575) argues that the formulation serves as a clean bench-
mark and that “Each reader is then free to judge the scenarios where market
efficiency is a good approximation....” In this section, I synthesize the foun-
dational work on market efficiency by Eugene Fama and Paul Samuelson
(Fama, 1965, 1970, 1976b; Samuelson 1965, 1973). I distill two central as-
sumptions of market efficiency: perfect learning and perfect risk assessment.
Moreover, I briefly discuss the empirical testing of market efficiency and re-
visit the main argument supporting market efficiency, namely the arbitrage
mechanism.

2.1 The original version

The efficient market hypothesis is one of the foundations of capital markets
research. The intellectual origin stems from the apparent randomness in stock
returns (Bachelier, 1900; Kendall, 1953; Fama, 1965; Samuelson, 1965). The
most widespread definition of the hypothesis is attributed to Eugene Fama. In
his literature review, Fama (1970, p. 383) states that “4 market in which prices
always ‘fully reflect’ available information is called ‘efficient’.” In his text-
book, he elaborates further that: “An efficient capital market is a market that
is efficient in processing information. The prices of securities observed at any
time are based on ‘correct’ evaluation of all information available at that
time” (Fama, 1976, p. 133). Moreover, Fama (1976) formalizes the infor-
mation processing, or learning, in an efficient market by assuming that the
market can perfectly learn the true distribution of all future returns conditional
on the current information set. Fama (1976) clarifies that the reference to the
“market” refers to the emergent behavior of market prices from the decisions
and interactions of investors. While Samuelson (1965, 1973) provides less
elaboration, his work relies essentially on the identical assumption that the
market knows the expected values of future dividends conditional on the cur-
rent information set. The assumption of perfect learning of markets is more
generally known as the rational expectations hypothesis. The hypothesis was
originally put forward in Muth (1961) and has since gained widespread adop-
tion. I summarize learning in an efficient market in Assumption 1.

16



Assumption 1 (Perfect learning) Let dividends follow some stochastic pro-
cess. Then, assume that the expectations conditioned on the information set
for all stocks and future periods are known to the market. Formally,

E[Di¢scl Q] €Q; T=12,..,0and Vi 2.1

where
D; + = net dividend for stock i at time i
Q; = information set known to the market at time ¢

Fama (1970) assumes that equilibrium prices in an efficient market can (some-
how) be stated in terms of expected returns. Fama (1970) defines such equi-
librium expected return as a function of the risk in the corresponding stock
over the given holding period. Similarly, Samuelson (1965, 1973) assumes
that the discount rate is known. I summarize the risk assessment in an efficient
market in Assumption 2.

Assumption 2 (Perfect risk assessment) Let the gross discount rate (denoted
by Wi zt) correspond to one plus the equilibrium compensation for systematic
risk, in terms of expected return, that a rational investor would require for
holding stock i during the period starting at time t + T and ending at time t +
T + 1. Then, assume that the discount rates for the current and all future pe-
riods are known to the market. Formally,

Wizt € Q¢ fort=0,1,..,00and Vi 2.2

where
Uizje = gross discount rate for stock i at time t for expected cash flow in pe-
riodt+ttot+7+1

Samuelson (1965, 1973) analyzes market prices that are determined by the
dividend discount model in the context of market efficiency. The dividend
discount model with a time-varying discount rate and a known term structure
can be represented as,

23

i E[D;, mmt]

K oliuc|t

where
V; = fundamental value for stock i at date t

The generalized dividend discount model in Equation 2.3 can be reformu-
lated into the more common dividend discount model with an intemporal con-
stant by defining y; . = u; V t, k. Moreover, the dividend discount model is
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often reformulated into accounting-based equivalents based on the clean sur-
plus relation. Such accounting-based equivalents include the residual income
valuation model and the abnormal earnings growth model (Feltham and Ohl-
son, 1995, 1996; Ohlson, 1995, 1999; Ohlson and Juettner-Nauroth, 2005).
Fundamental valuation models that involve stochastic risk and a more rigor-
ous risk adjustment can be found in Rubinstein (1976), Feltham and Ohlson
(1999), and Christensen and Feltham (2009). However, Samuelson (1965,
1973) examines a market that determines prices equal to the traditional divi-
dend discount model. The no-arbitrage condition can be represented as,

Pi,t = Vi,t 24

where
P; + = market price for stock i at time t

The dividend discount model in Equation 2.3, in conjunction with the no-
arbitrage pricing condition in Equation 2.4, is ubiquitous in capital markets
research (Lee, 2001; Lee and So, 2014). Samuelson (1965, 1973) proves that
if a market sets prices equal to the dividend discount model and knows the
conditional expectations of dividends (Assumption 1) and the term structure
of discount rates (Assumption 2), then the future prices follow a martingale
process for any stochastic process of dividends. Fama (1970) defines an equiv-
alent characterization of efficient markets known as the fair game property. In
particular, the fair game property asserts that the expected return for the next
period must equal the current discount rate. I define the fair game property in
Property 1. Formally, the abnormal return can be expressed as,

TABN,it+1 = E[Ri,t+1|-Qt] — Uit 2.5

where

Tapn it = abnormal return for stock i in period t

1; ¢ = return for stock i in period t

Kit = Hio|¢ = current discount rate for stock i at time ¢

Property 1 (Fair game property) In an efficient market, prices reflect the in-
formation in Q; such that,

IE[’"ABN,i,t+1|Qt] =0 2.6

In addition, Fama (1970) argues that the fair game property must hold for all
investment strategies. Formally, an investment strategy « can be represented
as,

18



w Q) = [wi(Qp) wa(Qp), ..., wy(Qp)] 2.7

where w; (Q;) denotes the portfolio weight based on the information set ; for
stocki = 1,2, ..., N at time t. Positive weights denote long positions, and neg-
ative weights denote short positions. Formally, the abnormal return generated
from the investment strategy « can be represented as,

N
rA(ng\l),t+1 = 2 wi ('Qt)(Ri,t+1 - .ui,t) 2.8
i=1

I define the fair game portfolio property in Property 2.

Property 2 (Fair game portfolio property) Denote the set of all possible in-
vestment strategies by W. In an efficient market, market prices reflect the in-
formation in Q; such that all possible investment strategies generate zero ex-
pected abnormal return. Formally,

E[rn Q| =0 vV ew 2.9

2.2 Empirical testing

The fair game properties (Property 1 and Property 2) are a central implication
of market efficiency that can be tested empirically. A point of contention con-
cerns whether the abnormal return from investment strategies is attributable
to either systematic risk or irrational investor behavior. Fama (1970, 1991)
argue that the validity of the empirical tests of market efficiency hinges on the
correct specification of an equilibrium rate of return model. Further, Fama
(1991) claims that all tests of market efficiency are joint tests of market effi-
ciency and the specification of a rate of return model. Therefore, one can never
conclude if a rejection of the zero abnormal return hypothesis is attributable
to market inefficiencies or misspecification of the equilibrium model, i.e., a
bad-model problem. He named this problem the joint-hypothesis problem
(Fama, 1991). However, Jarrow and Larsson (2012) argue that an equilibrium
rate of return model is not required for market efficiency testing. Moreover,
the problem that a hypothesis cannot be tested in isolation is not unique to
market efficiency. In fact, the Duhem-Quine thesis asserts that no scientific
hypothesis can be tested in isolation because all tests rely on auxiliary assump-
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tions (Quine, 1951). In Paper I, we examine a test methodology based on fun-
damental values that does not necessitate an equilibrium rate of return model.
While the testing methodology is devoid of Fama’s joint hypothesis problem,
the methodology is naturally subject to the Duhem-Quine thesis.

2.3 The arbitrage mechanism

Friedman (1953) and Fama (1965) argue that the self-interest of sophisticated
investors is the ultimate guarantor for the efficient pricing of stocks. The ar-
gument goes: If the speculation of noise traders causes any stock to trade be-
low (above) its fundamental value, then sophisticated investors will identify
and exploit the opportunity by taking long (short) positions in the stock. Such
arbitrage trading will continue until the stock price reaches an equilibrium.
Friedman (1953) made an evolutionary extension of the argument. He argues
that since the speculation of noise traders is unprofitable, they will eventually
run out of money and become extinct in the market. Therefore, the competitive
dynamics in capital markets ensure that market prices are (approximately)
equal to fundamental values.
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3 Market realism

Investor rationality is arguably the most debated assumption in market effi-
ciency (Shleifer, 2000; Barberis and Thaler, 2003). However, the original the-
ory of efficient markets rests on the additional assumptions: perfect learning,
perfect risk assessment, and zero costs (over and above systematic risk) for
market participants. In this section, I revisit some of the discussions regarding
the additional assumptions of market efficiency. Moreover, | summarize some
hindrances (or limits) of the arbitrage mechanism in actual capital markets.

3.1 A conundrum

Grossman and Stiglitz (1980) identify a fundamental contradiction in the orig-
inal formulation of market efficiency. They argue that if market prices fully
reflect all available information, there would be no incentive for investors to
gather information. In fact, investors would be reluctant to gather information
since such a gathering is costly. If no investor gathers information, then the
market cannot fully reflect all the available information. In essence, they iden-
tify a free-riding problem for investors in the market. An investor can obtain
the information for free from market prices rather than gather costly infor-
mation.

Grossman and Stiglitz (1980) propose an alternative model for the market
dynamics with both informed and uninformed investors. In their model, mar-
ket prices are noisy signals of fundamental values. Moreover, they find an
equilibrium point where informed investors are allowed to generate arbitrage
profits in the market to compensate for the costly acquisition of information.
Thus, the behavior of both the informed and the uninformed investor is ra-
tional in their model. Also, the model evades the free-rider problem since mar-
ket prices only partially reflect the information. They characterize the market
as being in an “equilibrium degree of disequilibrium” (Grossman and Stiglitz,
1980, p. 393). However, the model assumes that the investors have rational
expectations or perfect learning. All in all, their analysis provides a basis for
the existence of market mispricing even in rational markets.
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3.2 Limits of learning

Perfect learning from noisy data is impossible. An emerging strand of research
examines investor learning, for instance, Timmerman (1993), Lewellen and
Shanken (2002) and Pastor and Veronesi (2003). This strand examines learn-
ing as an endogenous process, and the focus largely revolves around parame-
ter uncertainty. The main theoretical question in investor learning concerns
rational learning. In several respects, this question is shared with the statistical
literature and, in particular, estimation theory. A key implication of this liter-
ature stream is that parameter uncertainty causes any estimate of fundamental
value, including market prices, to deviate from fundamental values, or equiv-
alently, a market mispricing. Following this strand of research, I analyze in-
vestor learning in the context of market efficiency in Paper IV. The analysis
is based on a decision-theoretic foundation, similar to estimation theory (Leh-
mann and Casella, 1998). I argue that investor learning of expected cash flows
results in either biased or imprecise market prices. The main motivation de-
rives from the bias-variance tradeoff (or Stein phenomena) in estimation the-
ory.

McLean and Pontiff (2016) take another approach in examining learning in
capital markets. They study the post-publication return of 97 investment strat-
egies that have been documented in academic journals to generate abnormal
returns. They find the post-publication return is lower than the pre-publication
return. This finding suggests that investors learn about arbitrage investment
strategies from academic journals and exploit these opportunities. A more ho-
listic (and also complicated) approach to analyzing investor learning would
also include model misspecifications in addition to parameter uncertainty.
Moreover, Timmermann and Granger (2004) propose to include such self-de-
struction of return predictability in the definition of market efficiency. In sum,
the market mispricing and the measurement error can be attributable to two
sources of imprecisions connected to learning: parameter uncertainty and
model misspecification.

3.3 Limits of arbitrage

Barberis and Thaler (2003, p. 1058) state that “Once one has granted the pos-
sibility that a security’s price can be different from its fundamental value, then
one must also grant the possibility that future price movements will increase
the divergence.” They base their argument on Shleifer and Vishny (1997),
who argue that the arbitrage mechanism, as outlined in Section 2.2, is unlikely
to function perfectly in actual markets. While arbitrage, in theory, is both risk-
free and requires no capital, in real markets, arbitrage often involves both. In
particular, they argue that the risk in arbitrage is caused by a lack of perfect
hedges, agency concerns due to delegated investment management, short-sale
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constraints and forced liquidation. In a simplified model, Shleifer and Vishny
(1997) show the limited effectiveness of the arbitrage mechanism of bringing
market prices to equal fundamental values. Hence, particular conditions in the
real capital market can amplify any market mispricing.
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4 Market efficiency 2.0

Fama (1991, p. 1575) acknowledges that “...the market efficiency hypothesis
is surely false” due to the existence of information and trading costs. While he
provides an alternative version of the efficient market hypothesis, he does not
provide any corresponding updates of the central definition, assumptions and
implications. In fact, he states that the original version “...allows me to side-
step the messy problem of deciding what are reasonable information and trad-
ing costs” (Fama, 1991, p. 1575). In this section, I outline the notion — market
efficiency 2.0. Moreover, | discuss two analytical results from my research
papers in relation to market efficiency 2.0.

4.1 Market dynamics

I take the statement “...prices reflect information to the point where the mar-
ginal benefits of acting on information (the profits to be made) do not exceed
the marginal costs” (Fama, 1991, p. 1575) to be a starting point for defining
market efficiency 2.0. In addition, I assume that the market pricing entails the
possibility for all investors to be compensated for all of their costs (including
systematic risk) to ensure investor rationality. Hence, market efficiency 2.0
recognizes that the operation of the market pricing mechanism is costly while
maintaining the assumption of investor rationality.

The assumption of a costly market pricing mechanism gives rise to the free-
rider problem identified by Grossman and Stiglitz (1980). They propose a
market dynamic with investor heterogeneity and arbitrage investing as a pos-
sible solution. Moreover, Grossman and Stiglitz’s (1980) argument appears to
have motivated Fama’s (1991) alternative version of the efficient market hy-
pothesis. I adopt their proposed market dynamics in the outline of market ef-
ficiency 2.0.

Suppose there are two types of investors in the market: fundamental inves-
tors and noise traders. Let the operations of the fundamental investors include
the gathering and analysis of costly information such that the investor can es-
timate the fundamental value of stocks. Moreover, include decision-making in
the operations of the fundamental investor. The fundamental value estimates
can be expressed as,
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Vie=Vit +w; 4.1

where
Vi,t = fundamental value estimate for stock i at time ¢t
V; = fundamental value for stock i at time t
w; ¢ = measurement error for stock i at time t

The conceptualization of fundamental value as the equilibrium price of an
omniscient and rational investor, where fundamental values conform to the
no-arbitrage condition, is still valid. Such an investor would have access to an
information set containing the true expectations of all future cash flows as well
as appropriate risk adjustment. Denote information of such investor set by ;.
Moreover, assume the fundamental investors have an unbiased view of the
long-term measurement errors, such that ]E[wi,tﬂlﬂt] = 0 where t denotes
the long-term. In addition, let the noise traders only engage in trading activi-
ties. Moreover, the noise traders based their trading decision on the infor-
mation available at zero or negligible cost, such as historical market prices.
Hence, the behavior of market prices depends on the interactions and trading
between the fundamental investors and the noise traders. Hence, both types of
investors have some degree of pricing power. Suppose that the market prices
can be expressed as,

Py =V + &t 4.2

where
P; ; = market price for stock [ at time t
V; + = fundamental value for stock i at time ¢
&;+ = market mispricing for stock i at time ¢
The fundamental value estimates enable the fundamental investors to iden-
tify seemingly undervalued or overvalued stocks. Hence, the fundamental in-
vestors can pursue an investment strategy involving long (short) positions in
undervalued (overvalued) stocks. Suppose that their unbiased view of the
long-term measurement error and the pricing power implies that the market
mispricing follows some mean-zero-reverting stochastic process, such that
]E[si,HT |Qt] = 0 where 7 denotes the long-term. Hence, the market dynamics
ensures that while market prices and fundamental values can diverge in the
short-term, they converge in the long-term (Lee, 2001; Lee and So, 2014).
Assume that the costs of the fundamental investor can be separated into
direct and indirect costs. The distinction between direct and indirect costs is
most clearly defined in relation to the free-riding problem, where indirect costs
are costs susceptible to the free-riding problem, whereas direct costs are not.
Information costs are an example of indirect costs, but all indirect costs for the
fundamental investors are included. Direct costs include costs related to the
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trading activities, including systematic risk, commissions, bid-ask spreads ezc.
Suppose that the fundamental investor and noise trader share the same cost
structure regarding direct costs. Moreover, assume that competitive forces
keep the direct and the indirect costs at some minimum level. Lee and So
(2014) refer to this as the joint equilibrium problem. Let the noise traders be
compensated for all their costs via the expected return. I define this notion in
Conjecture 1. The conventional stock return can be expressed as,’

Pit+ Dyt
it =5 43
Pir_q
where
1; ¢ = stock return for stock i in period t
D; ¢ = net distributions for stock i in period t

Conjecture 1 (No low-hanging fruits) Let A; denote the set of all available
information with zero or negligible acquisition cost up to time t. In an efficient
market, prices reflect the information in A such that,

]E[Ri,t+1|"qc] = Uit 4.4

Where ;. refers to the gross equilibrium compensation for all direct costs
(including systematic risk), in terms of expected return, that a rational inves-
tor would require for holding stock i during the period starting at time t and
ending time t + 1.

In addition, market prices reflect the information in A; such that all pos-
sible investment strategies® with zero or negligible indirect costs generate zero
expected abnormal return. Formally,

E [rA(ng\I),t+1|c/qt] =0 Vaw €W suchthatc™ =0 45

where ct(w) refers to indirect costs for the investment strategy w in period t.

Conjecture 1 is similar to the fair game properties (Property 1 and Property 2),
with the caveats of zero or negligible indirect cost of the investment strategies
as well as a more comprehensive definition of the discount rate.

Let the fundamental investor be compensated for their indirect costs via
arbitrage, i.e., an expected abnormal return. I define this notion in Conjecture

31 follow the convention of denoting gross return by uppercase R and net return in lowercase
suchthatR =1 +r.
¢ See Equation 2.7 and 2.8 for a formal definition of investment strategy.
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2. First, the decomposition of market price in Equation 4.2 allows for an ana-
log decomposition of stock returns in Equation 4.3. Define a return metric on
fundamental value as,

V. +D,
Rpyic = —l']t/_ Lt 4.6
it—1

where
Try i ¢ = fundamental return for stock i in period t
Then the analog return decomposition can be represented as,

Tit = Trv,it t TaBn,it 4.7

where
Tapn it = abnormal return for stock i in period t

Conjecture 2 (Costly arbitrage) Let B, denote the set of all available infor-
mation up to time t. The set includes information at zero or negligible acqui-
sition cost as well as costly information, A; C B;. In an efficient market,
prices reflect information in By such that the expected abnormal return for all
possible investment strategies based on any piece of information (or combi-
nation of information pieces), denoted b, cannot exceed the corresponding
indirect costs. Formally,

E [ ealbe] S E[cSF 18] v (w, ) ewxP(B,) 48

where X denotes the Cartesian product and P(.) denotes the powerset.

However, the fundamental investor must have the possibility to be compen-
sated for its indirect costs. Therefore, there must exist an investment strategy
such that,

E /4(1?;\1)t+1|73t] ]E[Ct(frl)lBt] Jw eWwW 4.9

where Ct(w) refers to the aggregate indirect costs in terms of a rate of return
of all fundamental investors in the market at time t.

Equation 4.8 represents a formalization of Fama’s (1991) definitional state-
ment of the alternative version of market efficiency. In Equation 4.9, note that
the mere costly acquisition of information does not necessitate an expected
abnormal return. Hence, the market dynamic does not rule out a quasi variant
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of fundamental investors that acquires costly information but does not gener-
ate any average abnormal return. However, Conjecture 2 asserts the existence
of such an investment strategy.

Fama (1970) obtains the fair game property as a mathematical implication
based on his assumption, whereas this exposition provides conjectures moti-
vated by issues with the original formulation of market efficiency and that a
rational investor requires cost compensation in equilibrium. The no low-hang-
ing fruit conjecture (Conjecture 1) resembles Fama’s fair game property with
two caveats: the investment strategies have zero indirect costs, and the dis-
count rate compensates for all direct costs, not only systematic risk. Hence,
the literature on empirical testing of the fair game property remains (approxi-
mately) valid in market efficiency 2.0. However, the market dynamics are fun-
damentally different between the original version and market efficiency 2.0.
Market efficiency 2.0 features investor heterogeneity with noise traders and
fundamental investors, while the original version assumes homogeneous in-
vestors. Moreover, the original version assumes the no-arbitrage condition,
whereas market efficiency 2.0 rely on the existence of arbitrage that the fun-
damental investors can identify and exploit.

4.2 Potential and exploitable arbitrage

The representation of market prices in Equation 4.2 and the mean-zero-revert-
ing mispricing introduce a potential arbitrage that an omniscient investor
could fully exploit. The exposition above facilitates the derivation of the ex-
pected long-term return and long-term abnormal return of an omniscient in-
vestor. Let the expected return on fundamental value, as defined in Equation
4.6, correspond to the equilibrium rate of return defined in Equation 4.4 con-
ditioned on the information set ;. The motivation is that an omniscient and
rational investor only incurs direct costs. Formally,’

IE[RFV,i,t+1'|'Qt] = .ui,'r- 4.10

where 7 denotes the long-term. Based on the assumption of long-term conver-
gent market prices, formally ]E[si,HT |Qt] = 0, an expression for the expected
return can be derived as,

7 With a slight abuse of notation, I change the one period ahead notation to 7 periods ahead.
Also, multi-period returns assume that dividends are instantly reinvested (except the last divi-
dend).
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E[rABN,i,t+T|Q't] = IE[Ri,t+r|Qt] - ]E[RFV,i,t+‘r|-Qt]

Pirve+ D;
—F [ l,t+‘tP. it+T Qt] — lis
it
Vi t+t T € T DL’ t+1
= |2 : Za81 FO
[ P (TR g
MV

Pi‘t i,T
Vie >
=ui|\5——1)

Also,

Vit
E[Rq¢4elQe] = iz 5= 4.12
it

Naturally, the fair game property emerges under the no-arbitrage condition
(P; ¢+ = Vi ). In amarket where prices are given by Equation 4.2, the V/P-ratio
has an interactive effect with the discount rate on expected returns. The intui-
tion is straightforward from Equation 4.12, a V/P ratio above (below) one
translates to a positive (negative) abnormal return. A similar derivation ap-
pears in Papers I and II1.

A more realistic question asks: Under which conditions can an investor that
learns a noisy estimate of fundamental value represented in Equation 4.1 ex-
ploit the arbitrage in a market with pricing represented in Equation 4.2? In
Paper IV, I analyze such a setting in a simple one-period present value model.
The setting can be summarized as follows: the market sets market prices to a
noisy estimate of the fundamental value, where o denotes the standard devi-
ation of the log-market mispricing, i.e., the noise. An investor seeking arbi-
trage estimates a private fundamental value, also a noisy estimate, where o
denotes the standard error of the log-measurement error. Moreover, denote the
correlation between log-market mispricing and log-measurement error by
p . Inaddition, the investor pursues a net-zero investment strategy with long
(short) positions in seemingly undervalued (overvalued) based on the signal
s; r that represent the difference between the investor’s fundamental value es-
timates and the market prices. In such setting, I derive a closed-form solution
of the expected abnormal return from that strategy. Formally,

E[zirs1lsir] = (0 =0 p )P 4.13
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where IE[ZL',T+1|SL~,T] denotes the log return of a net-zero hedge investment
strategy with long positions in undervalued stocks and short positions in over-
valued stocks, and i > 0. See Paper IV for more details and proof.

From the analysis, I conclude that an investor can exploit the market mis-
pricing if the investor can estimate fundamental values that are less noisy (as
measured by ¢ ) than the noise of the market (as measured by o ). In addi-
tion, the analysis also reveals an additional avenue for exploitable arbitrage.
In particular, if the private fundamental value estimates are less accurate than
the market prices but have low correlation (as measured by p ), then an in-
vestor could pursue an investment strategy with a positive expected abnormal
return. Hence, the exploitable arbitrage depends on the joint distribution of the
stochastic process of both the market mispricing and the measurement error.
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5 Concluding remarks

Fama (1991) maintains that the original formulation of market efficiency is
preferable as a benchmark, being both simple and a good approximation. In
this introductory chapter, I provide an alternative to this benchmark. I argue
for the existence of market mispricing even in rational markets. Moreover, 1
identify two sources of mispricing attributable to investor learning: parameter
uncertainty and model misspecification. Also, I revisit some of the arguments
that particular conditions in real capital markets can amplify market mispric-
ing. Finally, | summarize the discussion by outlining the notion of market ef-
ficiency 2.0 based on Fama’s alternative definition. In particular, I formalize
two conjectures: No low-hanging fruits and Costly arbitrage. 1 focus the anal-
ysis on the cost structure of the investors. This discussion serves as the con-
ceptual starting point for the research papers in this dissertation. Whether the
alternative framework featuring market mispricing and market efficiency 2.0
provides a “better simplifying view of the world ’(Fama, 1991, p. 1575) is, of
course, ultimately an empirical question.
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