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Abstract	

This	report	aimed	to	evaluate	the	performance	of	a	given	portfolio	of	stocks	using	three	
asset	pricing	models	applied	in	finance.	The	three	asset	pricing	methods	included;	the	
Capital	 Asset	 Pricing	 Method	 (CAPM),	 Fama‐French	 3‐Factor	 Model,	 and	 the	 Fama‐
French	5‐Factor	Model.	The	report	sought	to	identify	which	of	the	models	better	fitted	
our	 data	 of	 the	 portfolio	 of	 stocks.	 Further,	 the	 report	 evaluated	 various	ARMA	 and	
GARCH	models	to	determine	which	model	was	a	better	fit	for	our	univariate	time	series	
data.		CAPM	analysis	findings	exhibited	that	that	excess	return	on	market	portfolio	had	
a	statistically	significant	positive	effect	on	the	excess	return	of	the	portfolio	of	stocks.	
The	beta	value	was	less	than	1	depicting	that	the	portfolio	of	the	stocks	is	defensive.	The	
Fama‐French	3‐Factor	model	results	revealed	that	the	SMB	(small	minus	big)	factor	had	
a	significant	negative	effect	on	the	excess	return	of	the	portfolio	of	stocks	while	the	HML	
(high	minus	 low)	 factor	 had	 a	 significant	 positive	 effect	 on	 the	 excess	 return	 of	 the	
portfolio	of	 stocks.	The	Fama‐French	5‐Factor	model	 results	exhibited	 that	 the	RMW	
(robust	minus	weak)	factor	had	a	significant	negative	effect	on	the	excess	return	of	the	
portfolio	 of	 stocks	 while	 the	 CMA	 (conservative	 minus	 aggressive)	 factor	 had	 a	
significant	positive	effect	on	the	excess	return	of	the	portfolio	of	stocks.	Overall,	the	5‐
factor	model	was	a	better	 fit	of	the	data	as	compared	to	the	other	models.	Univariate	
analysis	findings	exhibited	that,	overall,	the	AR(2)	ARMA	model	was	a	better	fit	of	the	yt	
time	series	as	compared	to	the	other	models.	Further,	findings	showed	that	in	overall,	
the	EGARCH	(1,	1)	model	was	a	better	fit	of	the	yt	time	series	as	compared	to	the	other	
models	in	consideration	of	volatility.	

Keywords	
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1. CAPM	and	the	Fama‐French	Models	

Evaluation of the performance of a given stock or asset is fundamental towards making the right 
choice of stock or asset to invest in. Determination of the fundamental value of assets (present 
value of an asset’s future cash flows) is essential for investors as it ensures that investors select 
assets that guarantee or present possible returns in future. Various asset pricing theories and 
empirical methods have been presented that aid towards evaluating and determining the 
fundamental value of assets. The fundamental value of an asset is gauged against the market 
price of an asset (the observed price of an asset in the market). The asset market price is 
dictated by the demand and supply shifts of an asset in the market (market dynamics). 
Investors are often motivated by future returns or gains from the assets that they have invested 
in. The expected returns of assets is usually not predictable; hence it is essential that investors 
establish risk elements or aspects that are associated with the assets that they invest in or wish 
to invest in. A number of asset pricing models have been previously proposed for the evaluation 
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of asset performance, and they include; Capital Asset Pricing Model (CAPM), consumption-
based CAPM, Arbitrage Pricing Theory (APT), multiple-factor models (Fama-French Three 
Factor Model, and Carhart Four-Factor Model, and Fama-French Five Factor Model), and the 
Single-index Model. The current study estimates three models; the CAPM, Fama-French Three 
Factor Model, and Fama-French Five Factor Model by correspondingly utilizing the variables 
defined in Table 1 below. 
The CAPM recounts the relationship between an asset’s expected return and the asset’s 
systematic risk, the sensitivity to non-diversifiable risk. The model is used for establishing the 
theoretically suitable return rate of an asset; utilized for deciding on appropriate selection of 
assets to be included in a well-diversified portfolio (Michaud, 2013). The model is commonly 
employed for pricing of risky assets or securities and obtaining the assets’ expected return 
given the cost of capital and the risk of the assets. Diversification is defined as a process of 
allotting capital while minimizing exposure of any one given asset within a portfolio. A portfolio 
is a combination of financial assets or investments such as stocks, bonds, commodities, and cash 
equivalents. The CAPM postulates that a financial asset’s expected return is given by the risk 
free rate of return plus beta multiplied by the difference of the return on market portfolio and 
the risk free rate of return (Michaud, 2013). The beta of an asset accounts for the amount of risk 
an asset adds to a portfolio that mirrors the market. Overall, CAPM offers the required rate of 
return or discount rate that can be utilized by investors to establish a suitable value of an asset. 
The CAPM estimation equation is given as; 

 
               R R ∝ β ∗ R R ε ……                                          (1) 

 
Where Rit is the expected return of investment (portfolio) i at time t, Rf is the risk free rate of 
return at time t, β1i is the beta of investment (portfolio) i, and Rmt is the expected return of the 
market at time t. αi denotes excess return earned on an investment (portfolio) above the 
benchmark return, and εit is the error term. Rit – Rft is the excess return of investment 
(portfolio) i at time t in comparison to the risk-free asset return. Rmt – Rft is the excess return 
on market portfolio at time t.  
The Fama French 3-Factor Model is an extension of the CAPM model; expands on CAPM by 
including size risk factor and value risk factor. The model appraises the fact that value stocks 
outdo growth stocks, and small-cap stocks (firms with market capitalization of around 
$300million - $2billion) outdo large-cap stocks (Mosoeu, 2020). Inclusion of the value and size 
factors in the model accounts for the outperforming tendency of such stocks, hence making the 
model a better mechanism for assessing manager performance. The model was developed in 
1992 by Eugene Fama and Kenneth French to delineate stock returns (Black, 2006).  The model 
includes three factors; excess return on the market, book-to-market value, and size of firms. 
Specifically, the factors utilized are return on a portfolio minus the risk free rate of return, HML 
(high minus low), and SMB (small minus big). The the HML and SMB factors are calculated as; 

 

HML  small value big value  small growth big growth ……              (2) 

 
SMB   small value small neutral small growth  big value  big neutral big growth      (3) 

 
The Fama French 3-Factor Model estimation equation is given as; 
 

R R ∝ β ∗ R R β  SMB  β HML  ε                             (4) 
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Where adding on the described equation (1), the model includes SMBt and HMLt. SMBt denotes 
size premium at time t while HMLt denotes value premium at time t. β1i, β2i, and β3i are the 
respective factor coefficients.  
The Fama French 5-Factor Model is expands on the Fama French 3-Factor Model by including 
two additional factors, investment and profitability. The model came about in 2015, after 
evidence depicted that the three-factor model did not sufficiently model for expected returns 
as it the model fails to account a good deal of the variation in average returns associated with 
investment and profitability (Ragab, 2019). Theoretically, the five-factor model postulates that 
today’s value of stock relies on the future dividends. Empirically, the five-factor model seeks to 
explain the average portfolio returns instituted to generate large spreads in size, book-to-
market value, investment and profitability. Particularly, the two additional factor include the 
RMW (robust minus weak) factor, and the CMA (conservative minus aggressive) factor. The 
RMW factor represents the return spread of the most profitable firms minus the return spread 
of least profitable companies. Firms that report greater future earnings have greater stock 
returns in the market. The CMA factor represents the return spread of firms that invest 
conservatively minus the return spread of firms that invest aggressively. Firms that administer 
their profits towards major growth ventures or undertakings have greater likelihood of 
experiencing major losses in the stock market as compared to those do not (Ragab, 2019). The 
five-factor model estimation equation is given as;  
 

   R R ∝ β ∗ R R β  SMB  β HML β RMW β CMA  ε       (5) 
 

Where adding on the described equation (4), the model includes RMWt and CMAt. RMWt is the 
robust minus weak factor, and CMAt is the conservative minus aggressive factor. β1i, β2i, β3i, 
β4i, and β5i are the respective factor coefficients. 
 

Table	1.	Definition of Variables 

Variable Code Variable Description 

r_rf Return of the risk free asset 

r_portfolio Return of portfolio 

r_mktport Return of the market portfolio (including stocks in AMEX, NYSE, and NASDSQ) 

smb Small minus big factor 

hml High minus low factor 

cma Conservative minus aggressive factor 

rmw Robust minus weak factor 

2. Data	Analysis	and	Results	

2.1. Scatterplot	of	Risk	Premium	Against	Market	Risk	Premium	
Figure 1 scatterplot of risk premium against market risk premium shows distribution of data 
points that rise diagonally from right side to the left side of the plot. The distribution of the data 
points depicts a potential positive linear relationship between risk premium and market risk 
premium. 
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Figure	1.	Scatterplot Matrix of Risk Premium against Market Risk Premium 

2.2. Estimation	Results	of	CAPM	and	the	Fama‐French	Models	
Table	2.	Estimation Models of Excess Return of Portfolio 

 (1) (2) (3) 

 Excess return of 
portfolio of stocks 

Excess return of 
portfolio of stocks 

Excess return of 
portfolio of stocks

Excess return on market portfolio 0.527*** 0.697*** 0.772*** 
 (0.0717) (0.0737) (0.0649) 

SMB  -0.624*** -1.062*** 
  (0.107) (0.0937) 

HML  0.399*** -0.320*** 
  (0.110) (0.123) 

RMW   -1.494*** 
   (0.126) 

CMA   1.875*** 
   (0.191) 

Constant 3.770*** 3.656*** 3.771*** 
 (0.324) (0.315) (0.268) 

Observations (N) 576 576 576 
F-statistic 54.05 35.04 84.77 

P-value 0.000 0.000 0.000 
R2 0.086 0.155 0.426 

Adjusted R2 0.085 0.151 0.421 

Note. Standard errors in parentheses. *** p < 0.05 significance level 
 
Table 1 Column (1) results (CAPM model) reveal that excess return on market portfolio has a 
statistically significant positive effect on the excess return of the portfolio of stocks (β = 0.527, 
p < 0.05). The beta value is less than 1 depicting that the portfolio of stocks is defensive. The 
intercept = 3.770 and is significant at 5% significance level. The coefficient of determination, R-
squared value = 0.086; indicating that 8.6% of total variation in the excess return of the 
portfolio of stocks is explained by the model. The value is less than 30% (Zikmund, 
2000)indicating a very weak effect size; the CAPM model is not a good fit for computing the 
required rate of return. 
Table 1 Column (2) results (Fama-French 3-Factor Model) show that the SMB (small minus big) 
factor has a statistically significant negative effect on the excess return of the portfolio of stocks 
(β = -0.624, p < 0.05). Further, the results reveal that the HML (high minus low) factor has a 
statistically significant positive effect on the excess return of the portfolio of stocks (β = 0.399, 
p < 0.05). The R-squared value = 0.155; indicating that 15.5% of total variation in the excess 
return of the portfolio of stocks is explained by the model. The value is less than 30% depicting 
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a very weak effect size; the CAPM model is not a good fit for computing the required rate of 
return. 
Table 1 Column (3) results (Fama-French 5-Factor Model) exhibit that the RMW (robust minus 
weak) factor has a statistically significant negative effect on the excess return of the portfolio 
of stocks (β = -1.494, p < 0.05). Additionally, the results reveal that the CMA (conservative 
minus aggressive) factor has a statistically significant positive effect on the excess return of the 
portfolio of stocks (β = 1.875, p < 0.05). The R-squared value = 0.426; indicating that 42.6% of 
total variation in the excess return of the portfolio of stocks is explained by the model. The value 
lies between 30% and 50% indicating weak effect size; the CAPM model is not a good fit for 
computing the required rate of return. However, in comparison to the other models, the Fama-
French 5-Factor model is a better fit.	

3. Regression	Diagnostics	

3.1. Inspecting	for	Normality	of	Residuals	
Figure 2 through Figure 4 show the normal probability plots of model 1 – model 3. The plots 
show a diagonal line depicting a linear relationship between the sample percentiles and the 
theoretical percentiles and the sample percentiles; hence the error terms for each of the models 
is normally distributed. 
 

 
Figure	2.	Normal Probability Plot for CAPM Model  

 

 
Figure	3.	Normal Probability Plot for Fama-French 3-Factor Model  
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Figure	4.	Normal Probability Plot for Fama-French 5-Factor Model  

3.2. Heteroscedasticity	Tests	
The Breusch–Pagan test was utilized in testing for heteroscedasticity. The method tests the null 
hypothesis that data is homoscedastic (there is constant variance) against the alternative that 
there is presence of heteroscedasticity. Table 3 results show p-values greater than 0.05 for each 
of the models; indicating that there is constant variance (presence of homoscedasticity) for 
each of the three models; there is absence of heteroscedasticity in the residuals of each 
regression models.  
 

Table	3.	Heteroscedasticity Test Results 
Model Chi-square Statistic P-value 

CAPM Model 2.57 0.1087 
Fama-French 3-Factor Model 0.24 0.6261 
Fama-French 5-Factor Model 1.05 0.3048 

4. ARMA	Model	

4.1. Unit	Root	Test	
A unit root refers to a characteristic of some stochastic process (for instance, random walks) 
that can bring about problems or issues in statistical inference for time series models 
(Cappuccio, 2016). It also referred to a random walk with drift. Presence of a unit root in a time 
series depicts a systematic pattern that is not predictable.  
Augmented Dickey–Fuller test was utilized to determine whether there was a unit root in the 
time series yt. Deployment of the test has the null hypothesis that the true process is a random 
walk or a random walk with a drift and the alternative hypothesis that yt is stationary near a 
linear trend. The test entails fitting the model;   

 
 yt α δt  ∅y ϵ  ………                                                  (6) 

 
The null hypothesis represents ∅ = 1. Table 4 results show a p-value = 0.000; the p-value is less 
than 0.05 hence we must reject the null hypothesis and accept the alternative hypothesis that 
time series yt is a stationary near a linear trend. There is absence of a unit root in time series 
yt.  
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Table	4.	Augmented Dickey–Fuller Test Results 
 Test Statistic 1% Critical value 5% Critical value 10% Critical value 

Z(t) -17.631 -3.960 -3.410 -3.120 
MacKinnon approximate p-value for Z(t) = 0.000 

 

4.2. Estimation	of	AR	(p)	and	ARMA	(p,	q)	Models	
Table 5 reveals that estimation of AR (p) and ARMA (p, q) models; shows that the AR(4) model 
has the lowest Akaike Information Criterion (AIC) value of 3654.21. The AR (2) model has the 
lowest Bayesian Information Criterion (BIC) value of 3671.96. AIC is a mathematical technique 
utilized for assessing how a well a model fits the data from which it is built; it is used for 
estimating the quality of a model, hence essential for selection of a better model among many 
(Lumley, 2015). A lower AIC value depicts that the model is a better fit of the data in comparison 
to the models with higher AIC values. BIC is also another method used for model selection; it 
evaluates the compromise between model fit and the intricacy of the model. A lower BIC value 
also depicts a better fit (Lumley, 2015). ARMA(2,2) model has the highest values of AIC 
(4008.14) and BIC (4027.77); indicating that it is not a poor fit of the data in comparison to all 
the other models. Overall, in comparison to all the other models, the AR (2) model has a lower 
AIC (3657.24) and BIC (3671.96) values hence it is a better fit of the data as compared to the 
other models.  
 

Table	5.	AR (p) and ARMA (p, q) Results 
Model AR(1) AR(2) AR(3) AR(4) ARMA(1,1)ARMA(2,1)ARMA(1,2) ARMA(2,2)

Var yt yt yt yt yt yt yt yt 
L.yt 0.525*** 0.631*** 0.634*** 0.633***     

 (0.0269) (0.0310) (0.0317) (0.0317)     
L2.yt  -0.197*** -0.207*** -0.206***     

  (0.0310) (0.0370) (0.0376)     
L3.yt   0.0161 0.00979     

   (0.0317) (0.0375)     
L4.yt    0.0134     

    (0.0317)     
L.ar     0.305***  0.596***  

     (0.0471)  (0.0261)  
L2.ar      0.168***  -0.533***

      (0.0316)  (0.110) 
L.ma     0.324*** 0.588***   

     (0.0458) (0.0261)   
L2.ma       -0.190*** 0.667***

       (0.0316) (0.0989)
_cons 1.744*** 2.076*** 2.042*** 2.012*** 3.665*** 3.665*** 3.665*** 3.668***

 (0.110) (0.121) (0.138) (0.152) (0.0917) (0.0923) (0.0968) (0.0619)
Sigma     1.512*** 1.520*** 1.519*** 1.788***

     (0.0269) (0.0269) (0.0270) (0.0328)
N 999 998 997 996 1000 1000 1000 1000 

R2 0.276 0.306 0.306 0.306     
AIC 3700.57 3657.24 3656.25 3654.21 3672.54 3682.98 3681.93 4008.14 
BIC 3710.38 3671.96 3675.87 3678.73 3692.17 3702.61 3701.56 4027.77 

Ljung-Box Q 
statistic 

276.74 294.85 294.91 295.09     

Ljung-Box Q P-
value 

0.000 0.000 0.000 0.000     

Note. Standard errors in parentheses. **0.05 *** p < 0.01 significance level 
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Table 5 results (last two rows) show the Ljung-Box tests of white noise for the AR(p) models 
(autocorrelations); reveals that each of the models has a p-value = 0.000. The Ljung-Box test 
has the null hypothesis that data values do not exhibit dependence on each other and an 
alternative that data values do exhibit dependence on each other (Lu, 2014). Table 1 column 1– 
4 reveals that each of the AR(p) models has a p-value less than 0.05 hence we must reject the 
null hypothesis and accept the alternative hypothesis that data values exhibit dependence on 
each other. In conclusion, each of the AR(p) model depicts a significant autocorrelation not 
attributable to chance. 

5. GARCH	Model	Selection	

5.1. GARCH	Model	Selection	
Table	6.	GARCH Estimation Results 

Model ARCH(1) GARCH(1,1) EGARCH(1,1) ARCH-M(1,1) 
Variables yt yt yt yt 

yt     
Constant 3.671*** 3.658*** 3.653*** 3.676*** 

 (0.0533) (0.0482) (0.0493) (0.0836) 
ARCH     
L.arch 0.413*** 0.0930***  0.0934*** 

 (0.0639) (0.0148)  (0.0149) 
     

L.garch  0.900***  0.900*** 
  (0.0160)  (0.0161) 
     

L.earch   0.00817  
   (0.0136)  
     

L.earch_a   0.240***  
   (0.0306)  
     

L.egarch   0.973***  
   (0.00855)  
     

Constant 1.995*** 0.0303 0.0286*** 0.0305 
 (0.113) (0.0145) (0.00938) (0.0147) 

ARCHM     
sigma2    -0.00694 

    (0.0305) 
N 1000 1000 1000 1000 

AIC 3919.78 3859.49 3855.34 3861.42 
BIC 3934.50 3879.12 3879.88 3885.96 

Note. Standard errors in parentheses. **0.05 *** p < 0.01 significance level 

5.2. Other	Proposed	Models	
We propose two GARCH in mean models; GARCH-in-Mean (1,1) with one arch lag and GARCH-
in-Mean (1,1) with two arch lags. The models are aimed to further account for chance and 
volatility. Table 7 shows results of the proposed models. The two models have AIC and BIC 
values lower than those of the ARCH (1) model in Table 6; hence are a better fit in comparison 
to the ARCH (1) model. However, the proposed models do not outperform the other models in 
Table 6.  
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Table	7.	Proposed Models Results 
 (1) (2) 
 yt yt 

yt   
_cons 3.671*** 3.667*** 

 (0.0855) (0.0862) 
ARCHM   
sigma2 -0.0954 -0.0784 

 (0.116) (0.0877) 
   

L.sigma2 0.0960  
 (0.120)  
   

L2.sigma2  0.0802 
  (0.0901) 

ARCH   
L.arch 0.0937*** 0.0959*** 

 (0.0150) (0.0153) 
   

L.garch 0.899*** 0.897*** 
 (0.0162) (0.0166) 
   

_cons 0.0306 0.0323 
 (0.0148) (0.0152) 

N 1000 1000 
AIC 3862.97 3862.75 
BIC 3892.42 3892.19 

Note. Standard errors in parentheses. **0.05 *** p < 0.01 significance level 
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