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ABSTRACT
We examine whether the Fama and French (1992) model can be adapted to become a more versatile and flexible tool, capable of incorporating variations of company characteristics in a more dynamic form. For this, the
risk factors are reconstructed at the end of each reading of monthly data. Over time, the evaluation of a company may change as a result of variations in, for example, its size, and we are aware that the Fama & French
model does not accurately reflect these dynamics. Our purpose in this paper is also to highlight the need to analyze the estimation methodology assumptions of the model coefficients so as to avoid potential biases and inconsistencies. Our results show that the model appears to be statistically significant for the majority of the
stocks and that the estimation methodology hypotheses are maintained, with some exceptions.
Keywords: Financial Models, Fama and French Model, Ordinary Least Square (OLS), Management Strategy.
JEL Classification: G11

RESUMEN
En el artículo se estudia si es posible adaptar el modelo de Fama y French (1992) para capturar de forma más
dinámica las variaciones en las características de las compañías. Para ello se reconstruyen los factores de riesgo
al final de cada mes tomando datos mensualmente. En el trascurso de un año, pueden cambiar las características de las compañías, por ejemplo, su tamaño, lo cual, mediante el procedimiento que siguen Fama y French
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(1992), no es reflejado hasta finales de año. Asimismo, se pretende resaltar la necesidad de analizar las asunciones del método de estimación de los coeficientes del modelo para que las inferencias que se realizan sean correctas. Los resultados indican que el modelo aparece estadísticamente significativo para la inmensa mayoría de
títulos y que las hipótesis del método de estimación se mantienen salvo para determinados títulos.
Palabras clave: Modelos financieros, Modelo de Fama y French, Mínimos cuadrados ordinarios, Estrategias de inversión.
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1. INTRODUCTION
Financial assets pricing models are an essential tool for
money managers. Since Sharpe (1964), Lintner (1965)
and Black (1971) developed the Capital Asset Pricing
Model (CAPM), a range of methodologies have appeared
to determine the expected value of an asset. A model of
the statistical type that evolved out of the CAPM was proposed by Fama and French (1992). Not only does this
model incorporate the market as a risk factor, as the
CAPM does, but it includes the size of a company and
whether the company has value or is experiencing
growth, as measured by the book-to-market ratio.
This new model, also known as the three-factors model,
has been analyzed and evaluated often in the literature
and is still a topic of debate, since there is no single conclusion concerning its reliability as a tool for estimating
the yields of securities, and as an instrument of portfolio management.
Authors such as Miles and Timmermann (1996),
Fletcher (2001), Hussain et al. (2002), Hwang and
Satchell (2005), Lajili-Jarjir (2007), Agarwal and
Poshakwale (2010), Hamard and Mascareñas (2010),
Abhakorn et al. (2013), Eraslan (2013), Gregory et al.
(2013), Nichol and Dowling (2014) Zhong et al. (2014)
and Ferruz and Badía (2015), among many others, have
analyzed the ability of the Fama & French model (F&F,
henceforth) to explain the behavior of portfolios and individual securities in different markets, and under various assumptions.

Aceptado: 2 de febrero de 2016

In this paper, we pay attention to the procedure that Fama
and French (1992) follow to build risk factors and to construct the value and size of portfolios. The risk factors are
constructed from data taken once a year and the value and
size of portfolios are assessed once a year, maintaining invariability during the whole period. However, it should
not be forgotten that variations can occur in the characteristics of a company during a given 12-month period,
which will not be accounted for by the F&F procedure.
We test the capacity of the model by taking month-tomonth data and rebuilding the value and size portfolios
at the end of each month with the aim of developing a
model that is more dynamic and adaptable.
This approach has two clear implications. First, the BM
ratio varies according to the characteristics of the company at any given moment. Although we can expect that
the numerator or book price appears invariant for an entire period, the denominator or market price does vary
and, therefore, a company may be moving between different value portfolios during the year without being
captured, i.e. between Low, Medium and High portfolios. Second, our approach provides greater variability in
the size factor, which allows us to capture variations in
the capitalization of the company as a result of, among
other things, price fluctuations of the stock, which can
have consequences for the classification of a company
(such as, Big or Small).
The variations that may arise in the characteristics of a
company, causing it to move between different value
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and size portfolios, has a direct impact on the associated
return of the portfolios. Therefore, our approach allows
us to form new portfolios every month by utilising the
true set of characteristics, and the yields reflected by
these portfolios are better suited to the situation at a
given moment.
To test the ability of the adapted model, the significance
of the model as a whole, and the individual coefficients
considered in the regression are checked.
Our second purpose is to demonstrate the need for, and
importance of, an examination of certain aspects of the
methodology to estimate the model coefficients.
Many studies have examined the capacity of the F&F
model, including Bartholdy and Peare (2005), Pettengill
et al. (2012) and Fama y French themselves (1992,
1993, 1996), among others, and conclusions have been
reached without paying attention to the procedure underlying the estimation of the coefficients, i.e. without
testing the degree of compliance with the assumptions of
the estimation methodology, in this case, Ordinary Least
Square (OLS).
It must be remembered that, if the estimated parameter
is biased or inconsistent, incorrect estimates will result.
Under these circumstances, a manager who is implementing an investment strategy based on inferences
made by the model, may very well find that the decisions he takes will lead to unexpected results.
Thus, after determining the capacity - or incapacity - of
the adapted F&F model, we analyze the degree of compliance with the hypothesis of the estimation methodology of OLS.
Our purpose, then, is to present an adequate and efficient model for making investment decisions, which will
allow better adaptation to the environment. In any case,
whether or not our results are satisfactory, we highlight

1

the need to analyze the level of compliance with the hypothesis of the estimation methodology, since if this is
not performed, the inferences drawn will be inefficient
and inaccurate.
The rest of the paper is organized as follows. In Part Two
we present the data and period, the model used, and the
assumptions of the estimation methodology. In Part
Three, we offer the results of the empirical analysis, and
Part Four contains a discussion of our conclusions.

2. DATA AND METHODOLOGY
Our data covers the period from January, 2006 to December, 2010. Authors such as Chen et al. (2014) also
take a five-year interval to estimate the coefficients. This
period, as argued by Brooks (2014), is often used for
this purpose, and Bartholdy and Peare (2005) carry out
a study that determines that this is the optimal period for
to estimate the coefficients.
We sample a total of 692 non-financial firms trading in
the UK1 Market. Company prices are taken from the
Morningstar data base. To qualify for our study, these
securities must have been in the UK market for the
whole period under analysis (this is why we assume a
certain survival bias).
The FTSE All Share Index is used as a proxy for the
market portfolio, so as to accurately cover the joint realistic opportunities of investment that appear to investors.
Following Nichol and Dowling (2014), we have selected
the 3-month UK Treasury Bill rate as the risk-free asset.
For returns, we have used monthly prices, thus limiting
the problem that certain stocks do not necessarily trade
on every single day. The above-mentioned profitabilities are calculated as the natural logarithm of the quo-

Financial companies are excluded, for the same reasons as Fama and French (1992).
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tient between the closing price for the analyzed month
and the closing price for the previous month.

2.1. Building the Adapted Model
In view of our first aim, we reconstruct the risk factors
at the end of each month, from the monthly data. Thus,
to get the size factor we take the stock exchange capitalization at the end of each month, whereas the book-tomarket (BM) factor is obtained as the quotient between
the book price and the share market-price, both taken at
the end of every year.
In contrast, in the original model, Fama and French
(1992) take the value of market capitalization in June
to calculate the size factor, and the book price at the
end of the year, along with the share price on the last
day of December of the given year, to obtain the
BM ratio.
Once the risk factors have been obtained, we proceed to
construct the SMB (Small minus Big) and HML (High
minus Low) portfolios. The procedure is the same as
that followed by Fama and French (1993), except that
they build their portfolios once a year (in June) and hold
them during the entire period, whereas we conduct our
procedure on a month-to-month basis.
Thus, to construct the SMB portfolio, we rank the securities by capitalization value at the end of each month
and establish two groups, dividing the sample by the
median. In this way, we have the large-capitalization assets on one side, and the small-capitalization assets on
the other.
Subsequently, every group is ranked from highest to
lowest according to the B/M value and divided into three
subgroups, taking the same values as Fama and French
(1992), with the percentiles of 30 and 70 percent. In this
way, the Value portfolio (High), the Neutral portfolio
(Medium) and the Growth portfolio (Low) of Big and
Small companies are obtained.
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The SMB risk factor is the average return associated
with the difference between the average return portfolio
of small-cap companies (S/L, S/M, S/H) and the mean
return portfolio of large-cap companies (B/L, B/M,
B/H), whereas the HML factor risk is the average return
portfolio of Value assets (S/H, B/H), minus the average
return portfolio of Growth assets (S/L, B/L).
In this way, we create six portfolios, by size and BM
ratio, and reconstructed each month according to
changes in the characteristics of the companies, with the
target being to provide greater reaction and adaptability
to the model under certain contingencies.
Fama and French (1992) considered 100 portfolios to
test their model, while authors such as Rogers and Securato (2007), Grauer and Janmaat (2010), Abhakorn
et al. (2013) and Fama and French (1993) use 25.
Since our first objective is to analyze the capacity of
the model to fit the returns of individual securities,
the model is run with this purpose on each asset
considered. Avramov and Chardia (2006) and
Soumaré et al. (2013) point out that using individual
stock rather than portfolios avoids the loss of information when assets are grouped into portfolios,
and limits biases in the data associated with portfolio
construction.
Once the portfolios SMB and HML are obtained for
each month, time series regressions are run for each security in which the coefficients of the model are estimated.
(1)
Where Ri is the performance of the securities, Rf is the
return on the risk-free asset, RMRF is the Market risk
factor, i.e. the excess return of the Benchmark on the
risk free asset, SMB is the difference between the Smallcap stocks portfolio returns and the Large-cap stocks
portfolio returns, and HML is the difference between the
High securities portfolio returns and the Low securities
portfolio returns.
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Provided that the model fits the returns of the stocks, it
will achieve a minimization of the sum of the squared
areas painted from each point obtained from the relation
profitability-risk factors to the line drawn by the model,
and it will adjust the estimated returns of the model to
the truly-obtained ones for the stocks.
The procedure to estimate the coefficients is Ordinary
Least Square (OLS)2. As mentioned above, in order for
the inferences achieved from the model to be accurate,
a set of prerequisites must be maintained.

The F-statistic measures the capacity of the coefficients
of simultaneous way, that is, the model as a whole. This
test works with two regressions, a restricted regression
and another unrestricted. The coefficients of the unrestricted regression are freely determined with the data;
in other words, it is the regression achieved in the previous step. The restricted regression is the one in which
the coefficients are restricted, that is, the restrictions are
imposed on the coefficients.
In our case, we wish to test whether the model is statistically different to zero as a whole, therefore, the restricted regression is:

2.2. Statistics to test the ability of the Adapted Model
(5)
Two different tests are employed to check the capacity
of the model: t-statistic and F-statistic.
The t-statistic measures the statistical significance of
each of the coefficients in the set of the regression. The
Null Hypothesis is that the coefficients are equal to zero,
i.e.α, = 0, βRMRF = 0, βSMB = 0, βHML= 0. In this
particular case the t-statistic is achieved as follows:
(2)
^ is each of the estimated coefficients and SE(β
^)
Where β
are the standard errors of such coefficients. The expression to obtain the intercept standard errors is the following:

To run the statistic, it is necessary to determine the residual sum of the square of each of the regressions and then
compare them. The expression of the test is as follows:
(6)
Where URSS is the Residual Sum of Squares from Un^t)2, RRSS is the Residual Sum
restricted regression Σt(yt-y
of Squares from Restricted regression, m is the restrictions number, T is the observations number, and k is the
regressors number in the unrestricted regression, including the constant.
2.3. Assumptions by estimation method

(3)
In order to calculate the beta standard error:
(4)
The standard errors give a measure of the uncertainty
level of the estimated values for the coefficients. These
are a function of the explanatory variable x, the sample
size T and the variance σ2.

In several studies, the efficiency of the F&F model is
analyzed via certain statistical measures, such as the
ones used here, with the rolling window proposed by
Fama and MacBeth (1973), or with performance measures such as Jensen’s alpha (1968) or the Treynor ratio
(1973); and with these results, conclusions are drawn.
However, as mentioned earlier, for the estimations carried out by the F&F model to be reliable, and so that the

2

The mathematical framework behind obtaining each of the beta coefficients and the intercept can be found in Gujarati (2003) and
Brooks (2014), among others.
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innovation can safely be used by managers, certain aspects of the methodology do have to be re-examined.
From a Classical Linear Regression Model (CLRM) estimated through OLS of the type
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As long as the first four assumptions are maintained, the
estimated parameters by OLS meet the desirable properties, otherwise known as the Best Linear Unbiased Estimators (BLUE). The last property, as will be seen later,
is not necessarily exclusive, owing to the Central Limit
Theorem.

(7)
Sharpe (1964), Lintner (1965), and Black (1972) developed the Capital Asset Pricing Model (CAPM), based
on the two fundamental parameters, risk and return, intended to first achieve a complete equilibrium of the
capital market.
Nevertheless, even though the development of this model
represented an undoubted advance, this itself has been
widely criticized, due to the fact that the systematic risk
factor is not sufficient to explain the expected return.
Subsequently, Fama and French (1992), taking as starting point the CAPM, and after checking those aspects
that significantly affect the behavior of stocks in capital
markets, built a model of a statistical type that considered a new set of factors.
The authors based their new approach on the same
methodology to estimate the parameters, i.e. OLS, but,
because of the incorporation of new elements in the regression, the earlier model is inadequate and generates
a regression with several coefficients to be estimated,
i.e. it generalizes the simple model in a multiple linear
regression model, with the following shape:
(8)
For the estimated coefficients to be consistent, unbiased,
and with the inferences performed correctly, various
properties must be maintained: the errors have zero
mean, the variance of the errors is constant and finite
over all values of xt, the errors are linearly independent
of one another, there is no relationship between the error
and the corresponding x variable, and the error term is
normally distributed.

Different tests are used to check the compliance of each
of these assumptions.
The errors have zero mean: E(µt) = 0
The first requirement is always satisfied if the calculated
regression includes a constant term. When the regression does not include a constant, and the average value
of the errors is not zero, the coefficient values could be
biased because the regression line would be forced
through the origin.
The variance of the errors is constant and finite over
all values of xt : var (µt) = σ2 < ∞

This is known as the homoskedasticity assumption. If
the errors do not have constant variation, they are said to
be heteroskedastic.
There are several tests to determine that the residuals of
the model are not heteroskedastic. Goldfeld and Quandt
(1965) developed a process which divided the total sample into two sub-samples, estimating the model on each
sub-sample, calculating the residual variances and verifying that they are equal for both sides. The construction of this test is simple, but the conclusions may not be
entirely acceptable, because the point at which the sample is split, is taken arbitrarily and this can cause the results to differ if another point is taken.
A more general test is proposed by White (1980), where
the model is first estimated with the following general
form:
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Then, the residuals are obtained and a squared regression is run, containing the original explanatory variables, the square of these variables, their cross-products,
and a constant.
(10)
Where νt is a normally distributed disturbance term independent of υt.

So, under the null hypothesis, the current error is not related with any of its r previous values. The test is performed in the following way:
To begin, the model is estimated, and the residuals are
obtained, υ^t . Subsequently, we run a regression of the
residuals, with all the regressors considered, as before,
as well as the necessary lags.
The general expression is of this type:

To obtain the auxiliary regression, the test can be performed using the F-test previously discussed. Thus, on
the one hand, an unrestricted auxiliary regression is run,
and on the other, an auxiliary regression is run with the
restrictions previously imposed, i.e. the sum of all coefficients is equal to zero. When both regressions have
been obtained, the RSS of each one is used as input in
the F-test formula.
The errors are linearly independent of one another
coν (µt, µj) = Ο
The estimated model must have zero covariance between the error terms over time, i.e. the autocorrelation
in the model errors is analyzed.

(12)
A difficulty with this test is determining the number of
lags, r, of the residuals that are incorporated in the auxiliary regression. One possibility, used in prior literature,
is take the data frequency, i.e. since the monthly observations are employed, it is determined that r is equal to
12. Thus, it is expected that the errors do not have a
higher relationship than the annual period.
Subsequently, we obtain the R2 of this auxiliary regression of the errors and, let T as the number of observations, the statistic test is given by:
(13)

There are several tests to check the existence of autocorrelation. Durbin-Watson (1951) develop a test for
first order autocorrelation, testing the autocorrelation
between an error and its immediate previous value.
Given the limitation of this test, since relationships can
exist that are far apart, the Breusch-Godfrey test is
used, which is a more general test for autocorrelation
by which it is possible to check higher order relationships. The model for errors presents the following
form:
(11)
Where HΟ: ρ1 = Ο, ρ2 = Ο … ρr = Ο
and H1: ρ1 ≠ Ο, ρ2 ≠ 0 … ρr ≠ Ο

There is no relationship between the error and the corresponding x variable: coν (µt, µt) = Ο
The following hypothesis points out that the explanatory variables are deterministic or not of a stochastic nature. Violation of this restriction is known as the
presence of stochastic regressors.
Nevertheless, the OLS estimator is consistent and unbiased in the presence of stochastic regressors, as long as
they are not correlated with the error term. This can be
seen as follows:
Given the mathematical expression to obtain the beta
coefficients of the regression, and the expression to obtain the explained variable
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(14)
and
(15)
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The disturbances are normally distributed: µt ~ N(Ο,σ2)
The normality assumption is the final property, to determine that the errors of the model are normally distributed. Since the explained variable depends partially
on the disturbance term, it is possible to state that if the
error is normally distributed, this variable will be too.

Operating
(16)
(17)
(18)
If expectations are taken, providing that X and u are independent:
(19)
(20)
Due to the fact that E(u) = Ο, this expression takes zero
value and therefore, even if the regressors are stochastic, the estimation is unbiased. On the other hand, if it is
found that one or more explanatory variables is contemporaneously correlated with the disturbance term,
the OLS estimator will not be consistent. So, the variables would have greater explanatory power, when in
fact this would be a consequence of the correlation between the error and the explanatory variable. As a result, biased and inconsistent estimated parameters would
result and inefficient estimates would be generated.
Therefore, the interest is to analyze the relationship between the variables and the disturbance term.

If normality is not found, a method can be used that does
not assume it, but this is complicated to implement and,
in any case, the properties of the method could be less
stable. However, for sample sizes that are sufficiently
large, the fulfillment of the normality assumption is not
determinant. According to the Central Limit Theorem, the
statistics tests follow a suitable distribution, even in the
absence of error normality. This theorem states that the
sample distribution of any set of random observations
tends towards the normal distribution with mean equal to
the population mean, as the sample size tends to infinity.

3. EMPIRICAL ANALYSIS
3.1. Adapted Model ability evaluation
First, the results obtained by the t-statistic are presented.
Since there are a large number of stocks, Table 1 shows
the number of times that each of the coefficients appears
as statistically significant in each of the regressions run
for each stock. For instance, if the p-value associated
with the t-statistic of the RMRF coefficient of the regression of a given stock is lower than 0.01, this is accounted for in the corresponding column for that level,
and that risk factor. The identical operation is performed
for each stock and for each of the coefficients.

T-STATISTIC RESULTS

Risk Factors
Intercept
RMRF
HML
SMB

0.01
12
471
102
99

%
2
68
15
14

Significance Level
0.05
%
31
4
20
3
79
11
90
13

0.10
51
27
50
71

%
7
4
7
10

Total to 0.10
94
518
231
260

%
14
75
33
38

TABLE 1
Notes: Percentages are calculated on the total securities considered, i.e. 692.

Luis Ferruz y Guillermo Badía:
Model adapted from Fama and French, paying attention to the assumptions of the estimation methodology
Modelo adaptado de Fama y French, prestando atención a las asunciones de la metodología de estimación
Análisis Financiero n° 130. 2016. Págs.: 24-39

32

ANÁLISIS FINANCIERO

As can be seen, the market risk factor RMRF appears the
greatest number of times as being statistically significant.
Taking the 1% level, this factor is significant in 471 securities. Moreover, of the remainder, 20 appear significant at
the 5% level and 27 more at the 10% level. Therefore, for
a total of 518 stocks, i.e. 75% of the sample, the market
risk factor RMRF is significant at the 10% level. Levy and
Roll (2012) argue that the CAPM, in spite of the limitations it presents (because it only considers the market risk
factor), is a useful model for estimating stock returns.
As for the SMB and HML risk factors, both appear as significant in a similar percentage at the different significance
levels. Specifically, at the 1% level, the HML risk factor
appears as significant for 102 stocks, as is the SMB risk
factor for 99 securities. In addition, at the 5% level, 79
stocks appear significant for the HML and 90 for the SMB.
Lastly, at the 10% level, 50 stocks more emerge for the
HML and 71 for the SMB, giving us significance for a
total of 231 stocks for the HML and 260 for the SML.

Once these results have been obtained, the analysis
should be continued to obtain a robust conclusion about
the ability of the model as a portfolio management tool,
especially when taking into account the results with respect to the intercept.
The intercept only appears significant in 14% of the
regressions and when the 10% significance level is
taken, indicating that most of the stocks’ behavior is
captured by the risk factors considered in the model.
A good model specification produces intercepts that
are indistinguishable from zero (Merton, 1973). As
Fama and French (1992) indicate, the intercept estimation provides a simple measure, and in turn a formal test, of how the different factors capture the
average performance.
With the purpose of analyzing the ability of the model as
a whole, the F-statistic is calculated. The results obtained are presented in Table 2:

F-STATISTIC RESULTS
Significance Level
1%
5%
10%

No. of Securities
670
13
4

Accumulated
670
683
687

%
96.82
98.70
99.28

TABLE 2
Notes: Percentages are calculated on the total securities considered, i.e. 692.

Our results indicate that the model capacity as a whole,
following the procedure developed for the construction
of the factors, is very satisfactory. The model appears as
statistically significant at the 1% level for 670 securities, i.e. for almost 97% of the sample. Taking the 5%
level, 13 more stocks appear as significant, and if we
move to the 10% level, the model is significant 99.28%
of the time.
Given the results of this second test, it can be seen that
the F&F model can, indeed, be adapted to variations in
the characteristics of companies.

However, can the inferences provided by the model be
taken as correct?

3.2. Econometric Analysis
In this section, the results of the several tests to check
the assumptions of the coefficients estimation methodology are presented.
The errors have zero mean: E (µt) = Ο
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This requirement is satisfied since the regression calculated includes a constant term.

33

Table 3 shows the results obtained from the application
of the White (1980) test to measure the heteroskedasticity on the errors.

The variance of the errors is constant and finite over
all values of xt : var (µt) = σ2 < ∞

WHITE TEST RESULTS
Significance Level
10%
5%
1%

No. of Securities
14
19
44

Accumulated
14
33
77

%
2.02
4.77
11.13

TABLE 3
Notes: Percentages are calculated on the total securities considered, i.e. 692.

The table displays the number of times the p-value associated with the White (1980) test in each of the regressions run for each stock appears as significant at the
1, 5 and 10% levels.
The results indicate that, for the 10% level, the null hypothesis of homoskedasticity should be rejected for a
total of 14 stocks, i.e. the error of these securities does
not present constant variance. At the 5% level, the null
hypothesis should be rejected for 19 more stocks, and if
it is taken to the 1% level, 44 stocks more, i.e. 77 of the
692 stocks considered for the study, 11.13%, present a
heteroskedasticity problem in the errors.
This check, and the results obtained, highlights the need
to exercise caution when such an analysis is carried out.
The consequences of using OLS estimators in the presence of heteroskedasticity is that, in spite of the fact that
the coefficients are not biased and are consistent, these
are not the best possible coefficients, i.e. they are not
those that present the fewest standard errors. Therefore,

for securities presenting such problems, incorrect estimates are performed.
Nevertheless, there are several ways to deal with heteroskedasticity, such as the logarithmic transformation
and the standard errors correction, following White
(1980), but, as indicated previously, our aim is to highlight the need to research this aspect before performing
the analysis.
There is no relationship between the error and corresponding x variable: cov (µt, xt) = Ο

Table 4 presents the results of the Breusch-Godfrey test
to measure the autocorrelation of the errors.
At the 10% level, the null hypothesis of no autocorrelation should be rejected for a total of 41 stocks, at the 5%
it level should be rejected for 41 securities more, and
another 12 at the 1% level, for a total of 94 stocks,
13.58% of the total, presenting autocorrelation on the
residues.
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BREUSCH-GODFREY TEST RESULTS
Significance Level
10%
5%
1%

No. of Securities
41
41
12

Accumulated
41
82
94

%
5.92
11.85
13.58

TABLE 4
Notes: Percentages are calculated on the total securities considered, i.e. 692.

These results show that problems of autocorrelation
exist with some stocks, and, just as with the heteroskedasticity problem, the assumption of no autocorrelation should be present. Despite the fact that the
estimated coefficients, when there is autocorrelation, are
not biased, these are inefficient and consequently incorrect estimates are obtained.
In the autocorrelation case, there are also different ways
to deal with it, such as the Cochrane-Orcutt (1949) procedure, or the variance-covariance matrix of Newey and
West (1987). In any case, the need to research this aspect
is highlighted.

In this respect, authors such as Hendry and Mizon
(1978) suggest that the presence of autocorrelation presents an opportunity rather than a problem, maintaining
that serial correlation in the errors arises as a consequence of a mis-specified dynamic. (The dynamic models arise from this approach.)
There is no relationship between the error and the corresponding x variable: cov (µt, xt) = Ο

As for the analysis of the correlation between the explanatory variables and the disturbance term for each of
the regressions, the results obtained are:

CORRELATION LEVELS BETWEEN THE RISK FACTOR RMRF AND THE DISTURBANCE TERM
Interval
[1;0.9)
[0.9;0.8)
[0.8;0.7)
[0.7;0.6)
[0.6;0.5)
[0.5;0.4)
[0.4;0.3)
[0.3;0.2)
[0.2;0.1)
[0.1;0)

No. of Securities
Interval
0
[0;-0.1)
0
[-0.1;-0.2)
0
[-0.2;-0.3)
0
[-0.3;-0.4)
0
[-0.4;-0.5)
0
[-0.5;-0.6)
0
[-0.6;-0.7)
0
[-0.7;-0.8)
6
[-0.8;-0.9)
343
[-0.9;-1]
[0.01;-0.01] — > 630

No. of Securities
335
2
5
1
0
0
0
0
0
0

TABLE 5
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Table 5 presents different correlation level intervals between the risk factor RMRF and the disturbance term. It
is possible to appreciate that for a total of 343 stocks,
the risk factor RMRF is positively correlated with the
error term between 0 and 10%. If the interval between 0
and -10% is taken, for 335 stocks the RMRF is negatively correlated with the error term. Likewise, the table
also shows the quantity of securities for which the risk
factor is correlated with the error term in a percentage
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between -1 and 1%. Thus, for 630 stocks, the correlation level is less than ±1%.
These results point out that, for the overwhelming
number of regressions run for each security, the correlation between the risk factor RMRF and the error
term is very weak. Nevertheless, this result does not
diminish the importance of the necessity of analyzing this aspect.

CORRELATION LEVELS BETWEEN THE RISK FACTOR SMB AND THE DISTURBANCE TERM
Interval
[1;0.9)
[0.9;0.8)
[0.8;0.7)
[0.7;0.6)
[0.6;0.5)
[0.5;0.4)
[0.4;0.3)
[0.3;0.2)
[0.2;0.1)
[0.1;0)

No. of Securities
Interval
0
[0;-0.1)
0
[-0.1;-0.2)
0
[-0.2;-0.3)
0
[-0.3;-0.4)
0
[-0.4;-0.5)
0
[-0.5;-0.6)
0
[-0.6;-0.7)
1
[-0.7;-0.8)
14
[-0.8;-0.9)
320
[-0.9;-1]
[0.01;-0.01] — > 613

No. of Securities
336
15
5
0
0
1
0
0
0
0

TABLE 6

As can be seen in Table 6, the correlation between risk
factor SMB and the disturbance term is within low levels. For a total of 613 stocks, the SMB factor presents
correlations with the error term between -1 and 1%.
Nevertheless, this factor appears to be correlated with
the error for a greater number of stocks between the 10

and 20% levels, both negative and positive. For a single stock, the correlated level is between -50 and -60%,
concretely -0.5097. In spite of that, these correlation
levels may be considered relatively low and acceptable, and therefore be ignored. Nevertheless, the
process continues to be relevant, since greater correlations could exist.
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CORRELATION LEVELS BETWEEN THE RISK FACTOR HML AND THE DISTURBANCE TERM
Interval
[1;0.9)
[0.9;0.8)
[0.8;0.7)
[0.7;0.6)
[0.6;0.5)
[0.5;0.4)
[0.4;0.3)
[0.3;0.2)
[0.2;0.1)
[0.1;0)

No. of Securities
Interval
0
[0;-0.1)
0
[-0.1;-0.2)
0
[-0.2;-0.3)
1
[-0.3;-0.4)
0
[-0.4;-0.5)
0
[-0.5;-0.6)
0
[-0.6;-0.7)
7
[-0.7;-0.8)
8
[-0.8;-0.9)
336
[-0.9;-1]
[0.01;-0.01] — > 621

No. of Securities
335
3
1
0
1
0
0
0
0
0

TABLE 7

Again in this case, as shown in Table 7, the number of
the stocks for which the degree of correlation between
the risk factor HML and error term comes within 1%
interval is very large, 621. It is also clear that, for the
remaining securities the correlation is not relevant,
with the exception of one stock for which the correlation level is 0.6524. As a consequence, if the model is
used on this stock, the estimation of the expected return will be inefficient since it is assigned to a power
higher than the variable, when in reality this is due to
the correlation between the error term and the explanatory variable.
Therefore, the results of the correlation levels between the risk factors and the disturbance term can
be considered acceptable for most the securities, with
the exception of the last case, so the adapted F&F
model maintains the no-correlation hypothesis.
On the other hand, this analysis highlights the need
to research the compliance with this assumption,
since the estimated parameters may be biased or inconsistent, and inefficient estimates will result, with
important repercussions if they are accepted by portfolio managers.

The disturbances are normally distributed: µt ~ N(O, σ2)

Appealing to the central limit theorem, this has obviated
the residual normality test. As mentioned previously, the
normality absence of the distribution of the residuals is
not sufficient condition to exclude the model’s validity.
The statistic tests follow a correct distribution, even
when the residuals are not normal.

4. CONCLUSIONS
Given the results obtained from the significance analysis of the model as a whole, measured by the F-statistic,
it is understood that the F&F model can be adapted and
become a more versatile and flexible tool, capable of incorporating the variations in the characteristics of companies more consistently.
As for the results achieved concerning the explanatory
power of the model’s individual coefficients, it is possible to conclude that, in the first place, the limited number of times the intercept appears as significant provides
positive evidence that most of the stock returns are being
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fitted by the risk factors considered in the model. In the
second place, the procedure developed for the SMB and
HML risk factors can be more flexible, with results that
are somewhat more satisfactory in the SMB case, although both display significance in similar percentages.
Finally, the RMRF factor is the one that appears as significant the greatest number of times.
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