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THE PROCESS OF FORMING SINGLE-SORT AND DOUBLE-SORT 

PORTFOLIOS 

In order to form portfolios on the basis of Value, using the P/B ratio as a proxy, the study 

follows the same process as we did earlier when forming portfolios on the basis of the size 

factor. Companies are sorted on the basis of the P/B ratio and then distributed into ten equally 

weighted portfolios (P1 – P10). P1 is a portfolio comprising of high value companies, also termed 

as value stocks, whereas P10 is a portfolio of companies which have the lowest value and are 

generally termed as growth stocks. Returns for each month of the first year of study, from 

January 2000 to December 2000 are then estimated for all of the ten portfolios. Thereafter, the 

portfolios are then revised in December of every year using the same process as in the case of 

market cap. Next, the sample securities are arranged in ascending order of ROE, the return on 

equity, which is used as a proxy for profitability, and then segregated into equally weighted 

decile portfolios, as done earlier in the case of Market Cap and Value factors, with P1 

comprising of companies having the lowest profitability, henceforth referred to as weak stocks, 

and P10 comprising of companies having the highest profitability, which will be referred to as 

robust stocks for the remainder of this study. As per the practice established by now, the mean 

returns are estimated for each of the ten portfolios for each year of the study period from 

January 2000 to December 2019. The portfolios are also revised at the end of December of 

each year. Next, the companies in the sample are ranked on the basis of the Investment factor, 

which is used as a proxy for asset growth. As before, the companies are then ranked in 

ascending order of asset growth and allocated to ten equally weighted portfolios. P1 is a 

portfolio of companies having the least growth in assets, also termed as conservative 

companies, whereas P10 is a portfolio comprising of companies which aggressively invest in 

acquiring new assets and are consequently termed as aggressive companies. Mean returns are 

then established for each of the ten portfolios for each year of the study period, with portfolios 

being revised in December of each year. Next, the sample securities are ranked on the basis of 



the momentum factor, at the end of December 2000 (year t). The momentum factor can be 

explained as the tendency of security prices to exhibit a similar behavior in the immediate 

future as they have shown in the most recent past. Thus, if a security has given good returns 

over the past twelve months, then there is a high probability that price action for the security 

will follow a similar pattern over the next twelve months. The momentum effect generally 

tends to fade after a year. Thus, using the aforementioned parameter, the companies are then 

ranked in ascending order, from those showing the weakest momentum in price movement to 

the ones showing the strongest momentum effect. Thereafter, they are then assigned to ten 

equally weighted portfolios. P1 is a portfolio of securities that have performed the poorest in 

the past one year, and are thus termed as losers, while P10  is a portfolio of securities that have 

given the highest returns in the past one year, and are therefore termed as winners. Returns for 

all these ten portfolios are then estimated for each year of the overall study period, and these 

portfolios are revised at the end of December of each year. Next, the sample securities are 

double sorted. Firstly, the sample is ranked every year on the basis of Market Capitalization in 

December of every year. The ranked securities are then divided into two groups using the 

median, wherein securities in the bottom half are considered as small companies and placed in 

a portfolio which is denoted as S. Securities falling the upper half are considered as large 

companies and are placed in a portfolio denoted as L. Secondly, the sample securities are 

ranked in ascending order of their P/B ratios, and then segregated into three groups using a 30-

40-30 sorting strategy. Sample securities in the bottom 30 % are classified as having high value 

and this portfolio is thus termed as H. Securities falling in between the bottom 30 % and the 

top 30 % are considered as having moderate value and are this portfolio is henceforth termed 

as M, whereas securities in the top 30 % bracket are growth stocks, which generally tend to 

have low value, and this portfolio is consequently denoted as L. The study then proceeds to 

form six portfolios. The portfolios are formulated at the intersection of the two size groups and 



the three value groups. The portfolios thus formed are classified as S/L (small/low value), S/M 

(small/moderate value), S/H (small/high value) and B/L (big/low value), B/M (big/moderate), 

B/H (big/high value). The S/L is a portfolio comprising small market cap companies having 

low value, whereas B/L would be a portfolio comprising of securities of companies which are 

big sized, by way of market cap, but have low value. Similarly, the S/H portfolio comprises of 

small market cap companies that have high value, as measured by the PB ratio, whereas the 

B/H portfolio includes large market cap companies that have high value. Monthly returns for 

these six portfolios are calculated for every month of the year being reviewed. These portfolios 

are then reformulated at the end of December every year and monthly returns for each of the 

six portfolios are estimated for each year of the overall sample period. Thereafter, the study 

ranks the sample securities at the end of the calendar year, or December 1999 (year t), going 

by the ROE, or profitability. Classification of the sample is then done along the same break 

points of 30-40-30, as had been done in case of the value factor. The bottom 30 per cent of the 

sample stocks are termed as Weak stocks, while the top 30 per cent of the sample securities are 

termed as Robust. The sample of securities lying in between are put in the Neutral portfolio. 

Then, using the intersections of the same size groups as before and the three profitability groups 

formed now, six portfolios, namely B/W (big/weak), B/N (big/neutral), B/R (big/robust) and 

S/W (small/weak), S/N (small/neutral), S/R (small/robust) are formed. Monthly returns for 

these are then calculated from January 2000 (t) to December 2000(t+1). Going forward, the 

sample securities are re-ranked on the basis of ROE, at the end of December of each year, after 

which six portfolios are formed at the intersection of size and profitability, as done before and 

the returns are calculated for the portfolios for the subsequent year, and this revision process is 

followed for the complete study period. Next, the sample stocks are ranked in ascending order 

on the basis of the investment factor, wherein we evaluate the growth in the total assets of a 

company, at the end of December of every year. The sample is then segregated into three groups 



using the 30-40-30 breakpoints. The bottom 30 per cent is a portfolio consisting of companies 

that have the least growth in total assets and is therefore termed as Conservative portfolio (C), 

whereas the portfolio comprising of the top 30 percent companies in terms of asset growth is 

termed as the Aggressive portfolio (A). The companies falling in the middle 40 per cent range 

are neither aggressive nor conservative and are thus designated to a Neutral portfolio (N).  

Then, at the points where the two size groups and the three investment groups intersect, six 

portfolios are constructed. These portfolios are B/C (big/conservative), B/N (big/neutral), B/A 

(big/aggressive), S/C (small/conservative), S/N (small/neutral) and S/A (small/aggressive).  

The portfolio S/C consists of small sized companies that invest conservatively whereas the S/A 

will be a portfolio of small sized companies that are aggressively investing in assets. Similarly, 

B/C is a portfolio of large companies that have shown a conservative approach towards 

investing in assets during the previous financial year, while B/A is a portfolio of large 

companies which are aggressively investing in assets. Monthly excess returns for these 

portfolios are estimated for each month of the following year, from January 2000 to December 

2000. These portfolios are revised in December of every year and monthly returns for these are 

calculated for each for the overall duration of study. Lastly, the sample securities are then 

ranked in ascending order on the basis of the momentum effect, at the end of December of 

every year. These securities are then segregated into one of three groups using the 30-40-30 

break points, where the bottom 30 percent is a group comprising of securities that have 

exhibited the weakest momentum effect and are termed as Losers (L), while those in the top 

30 percent consists of companies that have had the strongest momentum effect and are 

therefore termed as the Winners (W). The group in the middle comprises of stocks that have 

shown a moderate momentum behavior and are designated as M. Then, using the intersections 

of the two groups formed on size and the three formed on momentum, six portfolios, namely 

S/L (small/losers), S/M (small/moderate), S/W (small/winners), and B/L (big/losers), B/N 



(big/neutral) and B/W(big/winners) are formulated. Monthly returns for these portfolios are 

estimated for the ensuing year, following which the securities are ranked again and the six 

portfolios are reformulated at the end of December of each year.  The aforementioned process 

of estimating monthly returns for the subsequent year is then repeated and this process is 

followed for each year till the study period gets over. 

THE PROCESS OF FORMING FACTOR INPUTS FOR THE VARIOUS MODELS 

The excess returns on the portfolio are also regressed against the Fama-French Three-factor 

model in the following way: 

𝑅𝑝𝑡 − 𝑅𝑓𝑡= 𝛼𝑖𝑡+𝛽1(𝑅𝑚𝑡 − 𝑅𝑓𝑡) + 𝛽2𝑆𝑀𝐵𝑡 + 𝛽3𝐻𝑀𝐿𝑡 +𝜀𝑖𝑡              (2) 

Where SMB is a risk factor explained as the difference between returns for small size firms 

and large sized firms, or in other words, small minus big. The SMB is a diversified portfolio 

which reflects the risks and returns as a function of company size. The SMB factor is estimated 

by taking the difference of the simple average returns of the three small size portfolios formed 

at the intersection of the size and value factors and the simple average returns of the three big 

size portoflios. This factor is formed in such a way so as to ensure that it is no way influenced 

by the value effect. The SMB factor is estimated in the following manner: 

SMB= (S/L+S/M+S/H) / 3 – (B/L+B/M+B/H) / 3                                                              (3) 

On the other hand, the HML is explained as high minus low, and is a diversified portfolio that 

mimics the risks and returns associated with the value factor. It is estimated by taking the 

difference of the average returns of the two high value portfolios and the two low value 

portfolios at the intersection of the size and value factors. This factor is formed in such a way 

that the effect of the size factor is negated. 

HML= (S/H+B/H)/2- (S/L+B/L)/2                                                                                       (4) 



Then, the excess returns on the portfolio are regressed against the four factors of the Carhart 

Four-factor model, which adds a momentum factor to the three factors of the Fama-French 

Three-factor model. The model specifications of the Carhart Four-Factor model are as follows: 

𝑅𝑝𝑡 − 𝑅𝑓𝑡= 𝛼𝑖𝑡+𝛽1(𝑅𝑚𝑡 − 𝑅𝑓𝑡) + 𝛽2𝑆𝑀𝐵𝑡 + 𝛽3𝐻𝑀𝐿𝑖𝑡 +𝛽3𝑀𝑂𝑀𝑖𝑡 + 𝜀𝑖𝑡 

The Momentum factor is explained as the difference between the excess returns of the winner 

portfolio, comprising of companies which have had the highest returns in the past twelve 

months, and the loser portfolio, which consists of companies whose shares have fared the 

poorest in the same time period. 𝛽3is the sensitivity coefficient for the momentum factor. The 

factor is constructed so as to control for the influence of the size factor. 

MOM= (S/W+B/W)/2-(S/L+B/L)/2 

Thereafter, we regress the portfolio returns on the Fama-French Five-factor model which 

includes market, value, size, investment and profitability as the affecting factors. The Fama-

French Five-Factor model is as follows: 

𝑅𝑝𝑡 − 𝑅𝑓𝑡= 𝛼𝑖𝑡+𝛽1(𝑅𝑚𝑡 − 𝑅𝑓𝑡) + 𝛽2𝑆𝑀𝐵𝑡 + 𝛽3𝐻𝑀𝐿𝑡+ + 𝛽4𝐶𝑀𝐴𝑡 +𝛽5𝑅𝑀𝑊𝑡+𝜀𝑖𝑡 

RMW, or Robust Minus Weak, and CMA, Conservative Minus Aggressive, are the proxies for 

the profitability and investment factors, respectively. The HML factor has already been 

explained above. However, the SMB factor for the FF Five-Factor model is constructed in 

accordance with Fama and French (2015), which is 

SMB= (SMBp/b + SMBROE + SMBINV)/3 

The portfolio RMW is one that mimics the behavior of a portfolio formed on the factor of 

Profitability, or ROE. It is estimated using the difference of the average of returns on two robust 

portfolios and the average of returns on two weak portfolios. The factor is constructed in such 



a manner so as to ensure that it is not biased on the size factor and is estimated in the following 

way: 

RMW = (S/R+ B/R)/2-(S/W+B/W)/2 

The portfolio CMA is one that follows the returns on a portfolio constructed on the basis of the 

investment factor, or asset growth. It is calculated using the difference of the simple average 

of the two conservative portfolios and that of the two aggressive portfolios. The factor is 

constructed with the intent of keeping it free from the influence of the size. 

CMA = (B/C+S/C)/2-(B/A+S/A)/2 

𝛽4and𝛽5are the sensitivity coefficients for the Profitability and Investment factors. 

The portfolio returns are also regressed against two improvised models as suggested by this 

study. The first model is arrived at by removing the value factor and adding a momentum factor 

to the existing Fama-French Five-Factor model, and is shown below: 

𝑅𝑝𝑡 − 𝑅𝑓𝑡= 𝛼𝑖𝑡+𝛽1(𝑅𝑚𝑡 − 𝑅𝑓𝑡) + 𝛽2𝑆𝑀𝐵𝑡 + 𝛽3𝐶𝑀𝐴𝑡 + 𝛽4𝑅𝑀𝑊𝑡+ 𝛽5𝑀𝑂𝑀𝑖𝑡 +𝜀𝑖𝑡 

------eq. (v) 

The second model adds a sixth factor, momentum, to the present Fama-French Five-Factor 

model and is given below: 

𝑅𝑝𝑡 − 𝑅𝑓𝑡= 𝛼𝑖𝑡+𝛽1(𝑅𝑚𝑡 − 𝑅𝑓𝑡) + 𝛽2𝑆𝑀𝐵𝑡 + 𝛽3𝐻𝑀𝐿𝑡  +  𝛽4𝐶𝑀𝐴𝑡+𝛽5𝑅𝑀𝑊𝑡+ 

𝛽6𝑀𝑂𝑀𝑖𝑡 +𝜀𝑖𝑡 

All of the factors in the two models shown above have been previously explained in this 

section. 

 

  



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 


