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Abstract. This paper critically evaluates the inherent limitations of the Capital
Asset Pricing Model (CAPM) and explores the improvements introduced by the
Fama-French three-factor model. As a pioneering achievement in asset pricing
theory, CAPM established a linear relationship between systematic risk and ex-
pected return. However, its explanatory power is constrained by several restric-
tive assumptions, including perfectly efficient markets, rational and risk-averse
investors, and homogeneous expectations. Furthermore, the model relies solely
on a single market beta coefficient. It overlooks the impact of other dimensions
of systemic risk and thereby limits its empirical validity. An applied case study
of Apple Inc. demonstrates that CAPM fails to capture firm-specific performance
drivers such as technological innovation and investor sentiment, resulting in sig-
nificant deviations between predicted and actual returns. The Fama-French
model partially addresses these shortcomings by incorporating size (SMB) and
value (HML) factors, providing an improved framework for explaining cross-
sectional return differences. Nevertheless, this model retains flaws: its factors
exhibit unstable correlations across markets and time periods, and it overlooks
anomalies like momentum, profitability, and investment activity. These findings
underscore that asset pricing models should be viewed as dynamically evolving
tools rather than fixed formulas. Despite the significance of the three-factor
model, it ultimately fails to resolve the complexity inherent in estimating ex-
pected returns.

Keywords: Fama-French Three-Factor Model, Capital Asset Pricing Model
(CAPM), Size Effect (SMB).

1 Introduction

CAPM model was first developed by Willian Sharpe, Jack Treynor and other finance
scholars in the 1960s [1]. It builds on the modern portfolio theory to further determine
whether an asset is being valued fairly, helping investors make financial decisions by
quantifying risk using returns. Based on the trade-off of risk and returns, CAPM model
provides calculations for asset return given different market and risk-free rates,
regardless of its simplified assumptions [2]. Inevitably, it became a crucial asset pricing
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model and was widely used by investors. However, CAPM were also facing significant
drawbacks due to its narrow assumptions, which make it hard to adapt to real-world
applications.

There are multiple assumptions of CAPM that lead to its limitations. It firstly
assumes all investors are rational and risk-averse, which, in fact, many investors are
irrational due to emotional and cognitive bias. Also, investors are assumed to have
homogeneous expectations towards asset returns. It then assumes a linear relationship
between risks and asset returns as well.

As a single-factor model, there are common drawbacks. It bears all the variation of
the independent variable to only one single coefficient beta, which, here, means making
the market portfolio to explain all the variation in asset returns. Since market anomalies
are unavoidable, a single factor cannot include all the variations in the market, causing
invalidity of the model empirically.

This study will provide an in-depth analysis of the limitations of CAPM through an
empirical case study and document study. By using real-life examples to address
weaknesses in specific circumstances, and provide mitigation methods towards those
weaknesses, like using the Fama-French 3-factor Model.

2 Limitation of CAPM

2.1 CAPM Model

ER;; = th + ,Bi(RMt - th) (D
_ Cov(Ri,Rpm)
‘8 - Var(Rpy) (2)

Based on the CAPM model function above, ER;; is the expected returns of the asset
Ry, represent the risk-free rate of return and Ry, is the market portfolio return at time
t. Therefore, Ry — Ry, indicates the market risk premium [3]. f; is calculated using
the covariance of the given stock or portfolio returns and the market returns, divided by
the variance of the market returns. It measures how the volatility of asset returns moves
with the fluctuation in the market.

2.2 Theoretical Limitation

The main weaknesses of CAPM model lie in its oversimplified assumptions and
overreliance on beta. The model assumes a perfectly frictionless market, meaning no
taxes or transaction costs exist. It also assumes a single-period horizon and trades at the
risk-free rate. Additionally, all investors have homogenecous expectations towards
market risk and return. As a single-factor model, beta also plays a significant role in the
function. Beta measures the systematic risks, given the assumption that the investor’s
portfolio is fully diversified, which means the model will only care about the market
risks. Thus, for a higher beta, the returns should compensate only for the systematic
risks instead of the diversifiable non-systematic risks. Regarding a pool of assumptions,
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it sets a high bar for return calculation. If any of them fail, it will lead to problematic
estimation for the risk-return trade-off. In short, the validity of beta only exists when
those assumption stands within CAPM model.

2.3  Academic Critiques of CAPM

Over the period people adopted CAPM model, there have already been academic
critiques about the validity of CAPM model. Roll’s critiques about CAPM argue that
the true market portfolio could not be observed, so the model is not testable unless all
forms of wealth are included, like bonds, equities, real estate, etc. Then, when using a
proxy for the market, the proxy should be truly efficient, but in fact, the real-world
market is hardly efficient [4]. Thus, using an inefficient proxy may lead to incorrect
testing for CAPM models. Other scholars also point out that, due to the restriction on
the single-period horizon, it is impossible to capture the multi-period horizon for
investors [5]. Furthermore, as beta is a measure for systematic risks, there are also
criticisms about not capturing the upside or downside risks — investors tend to care more
about downside volatilities of assets [6]. In summary, the academic consensus is that
CAPM’s beta-risk story relies on its restrictive assumptions: any deviation from those
assumptions (incomplete markets, investor irrationality, multiple risk factors)
undermines beta’s theoretical sufficiency as the sole measure of risk.

2.4 Empirical Case Study of CAPM Limitations

The empirical validity of the Capital Asset Pricing Model (CAPM) can be evaluated by
applying it to Apple Inc. (AAPL), one of the most widely traded equities in global
markets. Using five years of daily trading data for Apple and the S&P 500 index,
combined with the most recent 90-day U.S. Treasury bill yield as the proxy for the risk-
free rate.

Daily returns were calculated for both Apple and the S&P 500. Apple’s returns were
measured as the percentage change from daily opening to closing prices, while the S&P
500 returns were computed on a close-to-close basis. Aligning these datasets ensured
consistency in the estimation of systematic risk. The risk-free rate was set at 5.44
percent, corresponding to the most recent three-month Treasury bill yield, reflecting
current market conditions.

The estimation of Apple’s beta involved regressing Apple’s daily returns on the
returns of the S&P 500. Formally, beta is defined as the covariance of Apple’s returns
with those of the market, divided by the variance of the market’s returns. The resulting
coefficient, approximately 1.21, indicates that Apple exhibits about 21 percent more
volatility than the market in terms of systematic risk. In other words, Apple’s stock
tends to amplify market movements, rising more in bull markets and falling more in
bear markets, consistent with the interpretation of a high-beta security.

The average daily return of the S&P 500 during this period was approximately 0.035
percent, which annualizes to an expected market return of about 9.3 percent. Applying
the CAPM formula, Apple’s expected return is calculated as:
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ERyapL, = Ree + B (RMt - th) 3)
ERyupy = 5.44% + 1.21 X (9.3% — 5.44%) ~ 10.1% 4)

The CAPM therefore predicts that, given its level of systematic risk, Apple’s
expected annual return should be approximately 10.1 percent. This discrepancy reflects
the inability of a single-factor framework to fully capture the drivers of Apple’s
performance. Company-specific factors such as technological innovation, brand
strength, market share expansion, and investor sentiment have contributed substantially
to Apple’s excess returns. These elements are treated as diversifiable risk under CAPM
and thus not rewarded, yet empirically they have played a crucial role in shaping
shareholder value.

3 Construction of the Fama-French Three-Factor Model

3.1 From Single Factor to Multi-Factor Model

Beta alone cannot explain all the factors that influenced cross-sectional differences of
asset returns, found by Fama and French, who used to support CAPM model, now
fighting against it [7]. They came up with an adjusted model including more factors
that address other market anomalies, for instance, the size effect and the value effect of
stocks are the two most significant factors other than market risks [8]. Technically,
when adding more factors to the regression, the regression results tend to be more
representative of the actual value [9]. This adjustment made the single-factor model
into a multifactor model, enhancing the explainability of the model in estimating asset
returns.

3.2  Construction of the Three-Factor Model and Additional Factors
Ry — Ry = oy + ﬁl(RMt - th) + B2SMB; + fsHML; + €;; (%)

Fama-French 3-factor model is expressed as the function above, where f;,3
represents three coefficients for three factors, which indicate the correlation of the
change in the factor and the asset returns. R;; is the return of a stock or portfolio at time
t, Rse represents the risk-free return at time t and Ry, is the market portfolio returns
attime t. @;; means the excess return of the asset at time t [10]. Two additional factors
are SMB (small minus big) — the size premium and HML (high minus low) — the value
premium.

SMB factor measures the market size of the stock in the market. The model assumes
that stocks with a smaller market cap tend to perform better in excess returns, whereas
large market cap stocks will have relatively lower excess returns. In a practical
perspective, the SMB monthly factor indicates the differences of average returns
between the smallest 30% of stocks and the largest 30% of stocks in the market, shown
in the formula below [11]:
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MB = 3 (Small Value + Small Neutral + Small Growth )

- i (Big Value + Big Neutral + Big Growth) (6)

When SMB factor is positive, small-cap stocks’ performance beats large-cap stocks’
performance, measured by excess returns “alpha”. When SMB factor is negative, the
results are reversed. One example of SMB would be the SPAC boom period during
2020 and 2021 at which time the Russell 1000 (commonly recognized as the small-cap
firm index) outperformed the S&5 500 (recognized as the large-cap firm index) by
approximately 9.8% [12].

HML factor, similarly, represents the differences of excess returns in companies with
high book-to-market ratio and those with low book-to-market ratio. Book-to-market
ratio (B/M ratio) explains the growth potential of the stock. High B/M ratio represents
value stocks, where they tend to pay more dividends instead of reinvesting for stock
growth. However, with a low B/M ratio, it usually refers to a growth stock, where the
company decides to reinvest all the potential dividends for long-term growth instead of
paying out to shareholders. In this case, investors are willing to pay a premium price as
they are anticipating the future returns generated by the stock. Thus, with a positive
HML, value stocks will outperform growth stocks, but with a negative HML, growth
stocks show a better performance. Generally, 50% of stocks with the highest B/M and
the lowest B/M are used for HML calculation, given the calculation formula below

[11]:
HML = %(Small Value + Big Value ) — % (Small Growth + Big Growth) (7)

By adding two factors to the original CAPM model, theoretically, it will provide a
better explanation for the excess return of the asset. With multiple factors, more market
anomalies would be captured.

3.3 Empirical Analysis

To better justify the theoretical conclusion of the Fama-French 3-factor model would
be a better explanatory model than CAPM in terms of the accuracy of measuring asset
returns, the same case study is used as the CAPM model but adding SMB and HML
factors to the calculation.

Table 1. Fama-French Factors 2020-2024 [13]

Year SMB (%) HML (%) Market Returns (%)
2020 13.48 -46.94 71.48

2021 -3.78 25.61 34.56

2022 -7.01 25.68 -25.67

2023 -3.54 -13.98 3343

2024 -11.34 -8.71 35.80

Averages -2.438 -3.668 29.92
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The data above in Table 1 is the Fama-French 3 factors in the US security market
from the CRSP database. As shown, the value of SMB and HML factors is -2.438%
and -3.668%, which are both negative. It is because the general moving trend would be
that the more the stock is a large cap, the more negative the SMB factor will be.
Similarly, the more the stock has high growth, the more negative the HML factor will
be. Therefore, a stock like Apple, a mega-cap and a growth stock, will have negative
values for both SMB and HML factors.

In addition, the average value of SMB and HML will be used in the formula to
neutralize the changes over the four years. After gathering annual return data from
Yahoo Finance, the market return in percentage is calculated for measuring the
relationship between each Fama-French factor and the market returns, which helps
calculate the coefficient (beta) here in the formula, as shown in Table 2.

Table 2. Covariance Matrix for SMB, HML and Market Returns

SMB HML Market Returns
SMB 89.14
HML -201.51 930.68
Market Returns 213.32 -839.96 1221.48

Moreover, it is also necessary to determine the sensitivity of changes in SMB and
HML factors to changes of the market returns, which is the beta value for each factor.
Like the beta calculation in CAPM model, the covariance between market returns and
SMB or HML is used, as well as the variance of SMB and HML The formula is shown
below:

__ Cov(Ry,SMB)
Psms = Var(SMB) (®)

_ Cov(Ryy,HML)
HML ™ "y ar(HML) ©)

Therefore, based on the covariance table provided above, Ssyp and Syp would be
2.39 and -0.9 respectively:

_ Cov(Rm,SMB) _ 213.32 _

SMB ™ " yar(sMB)  89.14 239 (10)
By = Cov(Rm HML) _ =83996 _ 1 o (n

Var(HML)  930.68
The expected return for Apple would be calculated as:
Rit = Ryt = @i + Br(Rue — Rye) + B2SMB; + PsHML, + € (12)

ERyupr = 5.44% + 1.21 X (9.3% — 5.44%) + 2.39 x (—2.44%) 13
—0.9 X (—3.67%) ~ 7.57%

Comparing with the expected return of CAPM model (10.1%), there was a slight
difference in the results calculated from the Fama-French 3-Factor Model. The actual
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year-to-date return for Apple is approximately -6.95%. Even though both methods did
not provide the exact value for expected returns, the Fama-French 3-factor model
showed a closer result for the actual value. Therefore, based on the comparison, Fama-
French model proved to be a better estimation in asset returns.

4 Discussion

The Fama-French three-factor model represents an essential improvement over CAPM.
By taking size and value effects into account, it addresses the limitations of single-
factor models. Relatively, the 3-factor model provides more accurate results than
CAPM models, but neither can fully represent the real asset returns.

The key limitation lies in the assumption of universal applicability, as the same
factors cannot consistently explain investment returns across different markets or
periods. Empirical evidence indicates that anomalies shift across regions, time periods,
and economic environments. In developed markets, the size premium may diminish,
while liquidity or momentum risk may dominate in emerging markets. The value
premium also varies with economic cycles and industry conditions. These discrepancies
reveal the limitations of the model's static design.

Furthermore, the three-factor model did not concern about other well-documented
anomalies like momentum, profitability, and investment activity. Consequently, there
will be a significant portion of return variation unexplained. Even though the three-
factor model is superior to the CAPM, it fails to address coverage gaps.

These shortcomings indicate that the three-factor model should be viewed as a
flexible foundation instead of a definitive solution. More similar models have been
developed by extending the number of variables. Extended versions like the Carhart
four-factor model or the Fama-French five-factor model capture broader drivers of
returns by increasing dimensions.

The Fama-French three-factor model is an advancement in asset pricing theory, but
it is not the endpoint. It expands our understanding of expected returns, though it is not
a conclusive measure. It helps researchers and practitioners adapt models to different
markets and changes in financial systems.

5 Conclusion

The limitations of CAPM demonstrate the inadequacy of relying on a single-factor
framework to explain the complexity of asset returns. Although the model remains
foundational in finance, its restrictive assumptions and a single beta coefficient led to
its weak explanatory power in real markets. The application to Apple Inc. further
reveals the inability of CAPM to incorporate firm-specific and behavioral influences,
underscoring the need for more comprehensive approaches.

The Fama-French three-factor model marks meaningful progress by including size
and value effects, which reduces some of the gaps left by CAPM. However, its static
design and limited scope mean that it cannot consistently capture anomalies across
markets or economic cycles.
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Thus, future research should pursue several more directions. First, models need to
incorporate additional risk dimensions—including momentum, profitability,
investment activity, and liquidity risk—to expand explanatory coverage. Second,
regional and market-specific adaptations should also be prioritized, since factor
relevance varies significantly between developed and emerging markets, as they have
different industry conditions. Third, researchers should explore dynamic, time-varying
factor structures that can better reflect shifting macroeconomic conditions and investor
behavior. Finally, considering behavioral and technological drivers, such as investor
sentiment and the influence of innovation in firms like Apple, may provide a more
holistic understanding of expected returns.

In conclusion, while the Fama-French model improves upon CAPM, the future of
asset pricing lies in flexible, multidimensional, and context-sensitive frameworks that
evolve in step with global financial markets.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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