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The main goal of this study is to examine the return explanation strengths of the Carhart four-factor, the Fama–French three-factor, and the single-factor models in the context of the Bangladeshi stock market. We, therefore, reveal the risk-adjusted returns, test the valuation capability of multi-factor models, and estimate optimal portfolio weights of stocks listed in DSE under the DSE30 index. Our findings demonstrate that large capitalization firms that have low or medium book-to-market (B/M) ratios produce more concentrated returns than their counterparts, resulting in greater earnings per unit of total, systematic, and downside risks. Furthermore, we discover that each factorial value has an impressive capacity to explain the market excess returns; however, the influence of factor values on the cross-section of stock returns is somewhat contradictory. In particular, the momentum factor is unable to describe the cross-section excess returns, whereas the risk premium, size, and value factors have a significant impact on the cross-section excess returns. Finally, we find that a large-cap firm with a low B/M ratio is suitable for risk-seeking investors; in contrast, a small-cap firm with a low B/M ratio is appropriate for lower risk tolerance investors. Moreover, our empirical outcomes have noteworthy implications for private companies, investors, and policymakers.
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1 Introduction

The Dhaka Stock Exchange (DSE) has grown to be a major participant in the global financial landscape, enticing both domestic and foreign investors searching for possible opportunities in the Bangladeshi stock market. As the DSE continues to develop and gains a reputation, explaining the characteristics of changing prices becomes essential for investors to make well-informed decisions and handle risks effectively. Shahi et al. (1) denoted that understanding the behaviors of the stock market is an essential activity not only in the context of the local stock market but also in the context of the global financial market.

Furthermore, in recent years, understanding behavioral changes of the stock return and making purchasing and buying decisions have gained significant attention in the stock market literature, due to the increasing number of unexpected events affecting the portfolios of investors. The portfolio theory developed by Markowitz (2) states that investors diversify their investments depending on the relationship between risk and return. According to the fundamental theory of Markowitz (2), Treynor (3, 4), Sharpe (5), Lintner (6), and Mossin (7) introduced the theory of the capital asset pricing model (CAPM). It is stated that when deciding which assets to include in a well-diversified portfolio, the CAPM model is applied to estimate the excess rate of return of assets. In essence, the CAPM is viewed as a single-factor model that explains a normal linear association between the expected return and market portfolio risk of an asset. However, the CAPM has undergone several refinements over the years, leading to the development of multi-factor models that attempt to identify additional sources of risk and return. Specifically, there are some drawbacks to the single-factor CAPM model since this model relies on a set of simplifying assumptions that may not fully capture the complexities of real-world financial markets (8–13). These assumptions include an efficient market, a linear relationship between returns and systematic risk, constant betas over time, and constant risk-free rates. In reality, markets may not always be perfectly efficient, investors may have varying degrees of access to information, betas can change as a result of changing market conditions or company-specific factors, and the risk-free rate can be influenced by government policy and market conditions. Later, with the addition of size risk (small-cap minus large-cap, or SMB) and value risk (high book value-to-market price ratio minus low book value-to-market price ratio, or HML) factors to the market risk factor in the capital asset pricing model (CAPM), Fama and French (11) invented the three-factor model that extends the capabilities of the earlier model. After that, Jegadeesh and Titman (14) found the role of the momentum factor in explaining cross-section returns in a better way, and successively, Carhart (15) created a four-factor model by incorporating the momentum factor into the Fama–French three-factor model in portfolio management. They thought that the momentum factor accurately measures the variations in returns across stocks with high and low historical earnings.

The Sharpe–Lintner capital asset pricing model (CAPM), the Fama–French three-factor model, and the Carhart four-factor model have all been deemed sufficient to illustrate the cross-sectional volatility in equity returns and market discrepancies (16). In the existing literature, many researchers [e.g. (17–24)] confirmed the presence of size and value factors in global capital markets, which validated the three-factor model. Furthermore, several other studies [(e.g., 25–28)] tested the presence of the momentum factor in the valuation of the cross-section return. Meanwhile, subsequent investigations attempt to determine the usefulness of the aforementioned multi-factor models from the perspective of several categories of financial markets, both at the regional level and the international level.

While the Dhaka Stock Exchange (DSE) is the leading stock exchange in Bangladesh, investors face tremendous problems due to the market manipulation caused by actions carried out by individuals or groups to artificially influence the price or trade volume of security and create a false perception of market conditions. However, the Bangladesh Securities and Exchange Commission (BSEC) has installed expensive surveillance software and imposed penalties on certain manipulators. According to the investigation decision of BSEC, a deputy registrar of the Department of Cooperatives and his associate have recently been fined Tk 5.25 crore for manipulating the stocks of NRB Commercial Bank and Fortune shoes.1 In addition to this issue, a substantial portion of investors have been suffering and failing to diversify their investments in the promising asset classes due to unpredictable market circumstances, high costs of making investments, and unanticipated volatility. During January and February of 2023, investors lost nearly a third of their investments in different kinds of equities, and DSE turnover has decreased to less than Tk 250 crore due to the restrictive regulatory policies.2 Moreover, various economic catastrophes, such as the COVID-19 pandemic (29) and the Russian-Ukrainian invasion (30), had a major and detrimental impact on the stock market of Bangladesh. For those consequences, it is estimated that several unfavorable practices and unexpected events affected the stock market of Bangladesh, deteriorating the decision of the investors and undermining its overall integrity. Therefore, it is essential to develop precise measurements so that stock market investors in Bangladesh can correctly plan their portfolios and make optimal purchasing and selling decisions at the right moment.

A number of asset pricing models, namely, single-factor model, three-factor model, and four-factor model, have been constructed by academicians around the world to determine the value of stocks and explain cross-sectional stock returns. However, in the context of Bangladesh, such types of investigations are incredibly minimal. A few researchers [(e.g., 31–34)] tested the valuation capabilities of Fama–French three-factor model from the perspective of the Bangladeshi stock market. They assessed the impact of size and value parameters on the cross-section stock return. Furthermore, the valuation capacities of the single-factor CAPM (35, 36) and the Carhart four-factor model (37) are also investigated, but the authors considered only non-financial institutions listed in DSE. Moreover, the impact of the momentum factor on the return of financial institutions listed in DSE has yet to be explored. In addition, comparing the efficiency between single-factor, three-factor, and four-factor models in explaining the cross-section return considering both financial and non-financial institutions has drawn important ramifications in the existing literature since investors in each category continuously search for better alternatives to understand the characteristics of changing returns. Furthermore, after assessing the effectiveness of multi-factor models, we have not identified any evidence of portfolio weight optimization that could aid investors in making capital allocation decisions.

While the aforementioned models have been widely studied in various financial markets, their valuation capabilities and applicability to specific contexts require further empirical investigation. Therefore, to the best of our knowledge, our study is very comprehensive in regard to the current literature as we look for answers to five research questions that may provide noteworthy implications for the investors and policymakers of the Dhaka stock exchange (DSE). First, what are the risk-adjusted performances (measured by Sharpe ratio, Treynor ratio, Jensen’s alpha, and Sortino ratio) of companies listed in DSE under the DSE30 index? Second, do the volume of capitalization and the deviation between the book value-to-market value ratios of capital affect the volatility of the returns? Third, do the single-factor, Fama–French three-factor, and Carhart four-factor models have the efficiency to explain the excess returns of investors, if yes, then is there any effectiveness-differentiation across the models? Fourth, what is the impact of risk, size, value, and momentum factors on the cross-section excess returns? Finally, what are the proportions in formulating optimal portfolios that minimize the total risk and maximize the Sharpe ratio of the investors?

To address the mentioned questions, the findings of our study demonstrate that the large-cap firms with low B/M ratios have consistent returns with a skilled fund manager, and except for the momentum factor, the remaining three factors have adequate ability to explain the returns of DSE stocks. In addition, our study also finds that small-cap firms with low B/M ratios provide optimal benefits by reducing the lowest total risk of investment while large-cap firms with the same B/M ratios offer optimal weights in the portfolios by increasing the maximum Sharpe ratio.

The following are the remaining sections of the study: The existing literature is reviewed in Section 2, Section 3 displays the data and methodology, the analysis and interpretations of the results are reported in Section 4, and finally, Section 5 represents the concluding remarks with implications.



2 Literature review

A comprehensive overview of the current capital asset pricing model literature is presented in this part, with a focus on the Carhart four-factor model, the Fama–French three-factor model, and the single-factor model both in the context of Bangladesh and on a worldwide scale.

In the earliest version of the capital asset pricing model (CAPM), known as the single-factor CAPM, Sharpe (5) and Lintner (6) stated that investors are solely rewarded for taking systemic risk. As a result, this approach primarily employs beta to calculate non-diversifiable risk. However, the single-factor CAPM is empirically incoherent in a number of ways (8–12, 16), most notably with the size effect (8, 38, 39), and value effect (40). Banz (8) argued that considering the beta estimations, on the one hand, mean returns on large-cap stocks are excessively low, and on the other hand, mean returns on small-cap stocks are extremely high. Furthermore, Bhandari (41) demonstrated a disputation that the single-factor model does not capture the leverage risk, although leverage risk is associated with the expected rate of return and in investigations that take into account the size of the stock and beta, it assists in explaining the cross-section of the mean returns on equities. In experiments that also take size and market beta into account, Basu (10) illustrated that earnings–price ratios (E/P) contribute to the explanation of the cross-section of average returns on United States companies.

Corresponding to these arguments, previous literature [(e.g., 42, 43),] observed that there is a positive correlation between the expected return on United States stocks and the ratio of book value to market value of a company’s shares. Subsequently, Chan and Chen (44) also discovered the same findings in Japanese stocks. Finally, Fama and French (11) created the three-factor CAPM model, which expands the capacity of the original model, by adding two factors, namely, the size factor and the ratio of the book-to-market value of equity (value) factor. Later, the value effect (45–48) and size effect (49–51) on the cross-section stock return are proved in several financial markets around the world.

Empirically, Drew and Veeraraghavan (18) investigated the ability of size and value premium to explain the price of stocks listed in the Kuala Lumpur Stock Exchange and found a powerful illustrative capacity since while the market offers an annual return of 1.92%, two resemblance portfolios—SMB and HML—produce annual returns of 17.70 and 17.69%, respectively. In addressing the limitations of study of Halliwell (52), Gaunt (20) examined the pricing ability of the Fama–French three-factor model in the Australian stock market. They discovered that the three-factor model had much explanatory supremacy. Furthermore, to clarify the disparity in implied costs associated with equity, Mishra and O’Brien (53) compared the efficiency of CAPM and the Fama–French three-factor model using 33,301 U.S. stock samples and detected better performance from the Fama–French model.

However, Urbański (54) suggested a change to the Fama–French three-factor framework that takes into consideration the regional price border conditions. He noted that the spillover effect of an event from a country affects the effectiveness of the Fama–French model in another country. In addition, the reliability of the Fama–French three-factor model also fluctuates according to the economic status of a country (55) since several studies—Hearn and Piesse (56), Hearn (57), and Benali et al. (58)—examined the usefulness of the three-factor model in explaining the cross-section of stock return in some stock markets in Africa and revealed a few different findings. Specifically, according to Hearn (57), the impact of size was far greater in Egypt and Tunisia than it was in Morocco. In addition, this finding is further supported by Benali et al. (58), who concluded that the excess return of equities in Moroccan markets is not explained by market, size, or value factors. Furthermore, in five growing economies in the Pacific Basin, Chui, and Wei (59) looked at the connections between stock returns, the beta of the market, book-to-market equity (B/M), and size. They found that in spite of having a weak association between mean return and beta, on the one hand, the B/M equity explains the variability of average cross-section return in the stock market of Malaysia, Hong Kong, and Korea, and on the other hand, the impact of size is notable in all stock markets, except in Taiwan.

In United States stock returns, Jegadeesh and Titman (14) showed the influence of momentum and addressed the fact that equities that have performed well during the previous year typically continue to do so in the next year. After that, employing a sample devoid of survivor bias, Carhart (15) proved the capacity of typical factors in returns on stocks and investment costs to explain the average and risk-adjusted earnings of mutual funds and added momentum factor in Fama–French three-factor model. He discovered that of an 8% yearly return, deviations in the value of market and stock momentum explain 4.6%, whereas fluctuations in expenditure ratios and spending on transactions only account for 0.7 and 1% return, respectively. Subsequently, the capacity of the momentum factor along with earlier factors in explaining the returns of stocks is tested in several studies [(e.g., 46, 47, 60)].

In the context of Bangladesh, the evidence of the impact of multi-factor models in describing the variation of cross-section returns is documented but insufficiently explained; hence, there is a potential scope to enrich the current literature. Mostafizur et al. (34, 61) looked at how well the Fama–French three-factor model could describe the link between risk and expected returns of 123 non-financial companies listed in the Dhaka stock exchange (DSE). Using multiple regression analysis and complying data ranging from 1999 to 2003, they showed that there is a strong association between factor values beta, book-to-market value, and size and stock return. Furthermore, Hasan et al. (32) investigated the ability of the Fama–French three-factor model in explaining the cross-section stock return of DSE and found that the prior result—factor values have a strong power in explaining the expected return. In addition, Mobarek and Mollah (33) revealed that additional factors such as share volume, revenue yield, and yield of cash flow also pose a big impact on share returns in DSE-listed companies. Considering the data of non-financial institutions in DSE, Khan and Fahim (37) added the power of the momentum factor in explaining the stock returns and found favorable results. However, Hasan et al. (35) exposed that the CAPM is an inappropriate strategy to explain the asset price of non-financial businesses listed in DSE using a hypothesis test with OLS regression. Meanwhile, they assessed the validity of the CAPM framework in DSE adopting an extended data period from 2005 to 2009 and a sample of 80 non-financial companies. Furthermore, Chowdhury and Sharmin (31) studied the variables that could affect the cross-section stock returns of listed companies in DSE. They investigated eight distinct variables and observed that they do not describe the cross-section of returns on shares.

After proper assessments of the aforementioned literature, a number of essential properties could be drawn to enrich the existing literature. First, most of the researchers tested and discussed the ability of multiple-factor models (e.g., single-factor, Fama–French three-factor, and Carhart four-factor models) in explaining the general mean returns or cross-section stock returns in several stock markets. However, the diagnosis of risk-adjusted returns and the optimal portfolio weights according to the market cap and B/M ratios of the firms are missing in the current literature. Second, while there is considerable ground to evaluate the ability of the same factor values in describing returns on market as well as cross-section portfolio returns, the above literature either concentrated on explaining the ability of factor models in expected/excess market returns or focused on cross-section stock mean/excess returns. Third, in the perspective of Bangladesh, a few studies have been conducted to show the capacity of multi-factor models in describing the returns, and the majority of them considered only the data of non-financial institutions; however, financial institutions are the strong player in the market, having 33% capitalization out of total capital in DSE (32).

Moreover, to fulfill the above gaps in the literature, our study will assess the effectiveness of various factor models in explaining the market and cross-section excess returns of DSE-listed companies, including both financial and non-financial institutions. Furthermore, we will compute the risk-adjusted returns and the optimal portfolio weights based on the market capitalization and book-to-market value ratios of the companies.



3 Data and methodology


3.1 Data

We consider monthly stock prices of 30 companies under the DSE30 index listed in the Dhaka Stock Exchange (DSE). The DSE 30 Index is a benchmark stock market index that represents the performance of the top 30 companies listed on the Dhaka Stock Exchange. It is designed to include the 30 largest and most actively traded stocks on the DSE, often referred to as blue-chip stocks. According to the criteria set forth by the Dhaka Stock Exchange (DSE) for the DSE30 Index, companies with a float-adjusted market capitalization of TK. 50 crores or more as of the rebalancing reference date are eligible for inclusion in the DSE30 Index.3 However, the DSEX index serves as a comprehensive measure of Bangladesh’s stock market performance, providing insights into the overall status and trajectory of the country’s stock exchange. Regarding the inclusion criteria for DSE-listed companies including Islami Shariah-based firms, those with a float-adjusted market capitalization exceeding TK. 10 crores are considered for index membership. In certain circumstances, if a constituent’s current market capitalization falls below the TK. 10 crores threshold but remains above TK. 7 crores, these companies may still retain their positions within the [image: image]. Our preference for the DSE30 index as our sample is primarily driven by our focus on larger, well-established, and traditionally stable companies. This index tends to exhibit lower levels of risk when compared to broader indices. This choice allows us to effectively and comprehensively assess the pricing capabilities of multi-factor models, both in explicit and implicit terms, within the context of the Bangladeshi stock market. In this study, data periods, ranging from 2013 to 2022, are considered, and datasets place restrictions on our sample size and beginning point based on their availability. All the data were collected from www.investing.com. Initially, we classify the 30 companies according to their market capitalization volume,4 namely, small-capitalized companies and large-capitalized companies, and after that, we further split them in terms of book-to-market (B/M) value ratio5 such as low B/M ratio, medium B/M ratio, and high B/M ratio. Finally, we compute the monthly return [image: image] of each sample company.



3.2 Methodology


3.2.1 Risk-adjusted returns

To compute the risk-adjusted returns of the studied variables, we use four risk adjustment techniques, namely, Sharpe ratio, Treynor ratio, Jensen’s alpha, and Sortino ratio. The definition and econometric formula of these techniques are represented below:

Sharpe ratio, originated by Sharpe (5, 62), is used to measure the performance of an investment considering its return volatility. According to the rule of thumb, a positive ratio indicates the average return is higher than the risk-free rate; furthermore, the higher the ratio, the more return an investor can generate per unit of risk-taking. The estimated formula is as follows:

[image: image]

where [image: image] indicates the average return of security [image: image], [image: image] represents the daily average risk-free rate, and [image: image] is the standard deviation of [image: image] index return to measure the volatility.

Treynor ratio, developed by Treynor (63), measures the performance of a security considering the systematic risk of that security. It is similar to the Sharpe ratio with the exception that it considers market risk instead of security’s total risk volatility. As with the Sharpe ratio, a higher ratio indicates better investment. The proposed formula is given below:

[image: image]

where [image: image] and [image: image] are characterized as above, and [image: image] indicates the systematic risk of index [image: image].Jensen’s alpha, proposed by Jensen (64), is used to calculate the additional return from security compared to the expected return recommended by CAPM. The positive alpha [image: image] value indicates there is a chance to add value to this respective security. The regression formula below is used to compute the Jensen’s alpha value.

[image: image]

Therefore,

[image: image]

where [image: image]denote daily return, risk-free rate, and portfolio market return (benchmark index), respectively, and coefficient [image: image] represents the index’s systemic risk.

The Sortino ratio is a financial metric used to evaluate the risk-adjusted return of an investment or portfolio (65). It is an enhancement of the Sharpe ratio and focuses specifically on downside risk. In other words, it focuses on how well an investment performs relative to its downside risk or volatility. The Sortino ratio is named after its developer, Frank A. Sortino.

[image: image]

where [image: image] represents the average return of the portfolio or investment over a specific period, [image: image] indicates the daily average risk-free rate, and [image: image] is the standard deviation of the return of portfolio that falls below the risk-free rate (i.e., negative returns).



3.2.2 Estimation of multi-factor models and corresponding regression equations


3.2.2.1 Single-factor CAPM model

The simplest type of return estimating model, where only one element is taken into account, is the single-factor model. After the work of Markowitz (2) was completed, Sharpe (5) and Lintner (6) developed the capital asset pricing model (CAPM). The estimation model is given as follows:

[image: image]

where [image: image] represents the risk-free rate, [image: image] indicates the risk premium, and [image: image] is the market portfolio return. The systematic risk is denoted by β, deriving from [image: image], and [image: image] denotes the error term.

The estimated regression model considering the single-factor model is illustrated by the following equation:

[image: image]

where [image: image] represents the excess rate of return [image: image] for the firm i at time t, [image: image] is the intercept term, [image: image] states the regression coefficient, and [image: image] and [image: image] show the risk premium and the error term, respectively.



3.2.2.2 Fama–French three-factor model

In addition to the market risk element, Fama and French (11) also incorporated size risk and value risk factors in their capital asset pricing model (CAPM). In the next section, the three-factor valuation model and its associated regression model are given:

[image: image]

where the extra terms, namely, [image: image] and [image: image], indicate the size factor (returns of small-cap firms minus returns of large-cap firms) and value factor (return of high B/E ratio firms minus return of low B/E ratio firms), respectively.

[image: image]



3.2.2.3 Carhart four-factor model

The Carhart four-factor model is an extended form of the CAPM two-factor model and the Fama–French three-factor model. Carhart (15) added a momentum factor to the three-factor model. The root equation is given as follows, followed by the corresponding regression model:

[image: image]

Here, the extra added term MOM denotes the momentum factor (return of the best-performing firms minus the return of the lowest-performing firms, lagged 1 month).

[image: image]






4 Result analysis and interpretation


4.1 Descriptive statistics and correlation analysis

Table 1 illustrates the descriptive statistics of excess return (ERN) along with four asset pricing parameters, namely, risk premium (RPM), size factor (SMB), value factor (HML), and momentum factor (MOM), and six cross-section market portfolio returns such as large/high (B/H), large/low (B/L), large/medium (B/M), small/high (S/H), small/low (S/L), and small/medium (S/M) firms. The outcomes show that the average market excess return is negative with a value of −4.773%, while the return from the momentum factor is positive with a value of 0.7%. However, the remaining three parameters in the factor model and cross-section returns have negative mean returns. According to the standard deviation values, SMB has the lowest risk, having a value of 2.19%, followed by MOM and HML, with values of 2.28 and 2.45%, respectively; in contrast, B/M has higher volatility of return, followed by S/M and S/H. The positive skewness values for all the variables (except for SMB, HML, and MOM) indicate that these return series are skewed in the right way, while the negative values for the SMB, HML, and MOM refer to left-skewed returns. Moreover, high and positive Kurtosis values for each variable display heavy tail and fatter distribution. The Jarque-Bera statistics show that the returns of each variable (except for RPM and S/H) are non-normally distributed as the null hypothesis is rejected at a 5% level of significance.



TABLE 1 Descriptive statistics.
[image: Table1]

The result of correlation coefficients is represented in Table 2. It is noticed that among the asset pricing parameters, there is a positive and significant relationship between SMB and RPM; however, in the remaining pairs, there is an insignificant relationship. Furthermore, we observe a significant relationship between every pair of cross-section portfolios, while there are some mixed outcomes between factor returns and cross-section returns. Specifically, the return of RPM, SMB, and HML is almost significantly nexus with the cross-section returns; in contrast, there is insignificant linkage between MOM and cross-section returns.



TABLE 2 Correlation matrix.
[image: Table2]



4.2 Risk-adjusted returns

Table 3 demonstrates the risk-adjusted performances along with annualized return, total risk, and systematic risk of 30 companies listed in the Dhaka Stock Exchange under the DSE30 index. Additionally, we compute the rank according to the value of the Sharpe ratio, Treynor ratio, Jensen’s alpha, and Sortino ratio for displaying their position in the stock market of Bangladesh. The results show that the annualized mean return of 23 companies out of 30 companies is positive, and the remaining seven companies, namely, HBCB, ISLB, NBLL, SMPL, TITA, UCBL, and UNIQ, generate negative annual average returns. Meanwhile, it is observed that the total risk of the majority of companies is under 15% (except for BATC and BEXI). In addition, when the systemic risk is taken into account, it is seen that BSRR, BRAC, BEXI, GRAE, and IDLC have higher non-diversifiable risk, generating β-values greater than 1, while the rest of the firms have β-coefficients lower than 1. This finding implies that if investors place their money in companies—BSRR, BRAC, BEXI, GRAE, and IDLC, they will generate more return than market portfolio return. However, the Sharpe ratio statistics show that, except for IBBL, practically all large-capitalized companies produce a positive Sharpe ratio and achieve relatively higher rankings. On the contrary, six businesses out of the 21 small-capitalized businesses have a negative Sharpe ratio and are ranked lower. In the meantime, while seven of the top 20 companies according to the Sharpe ratio have small capitalizations and low B/M ratios, six of the top 10 companies have large capitalizations and have low or medium B/M ratios. In general, large-cap stocks typically underperform small-cap companies (47, 66), and small-cap companies may underperform because of their inadequate productivity in general and significant financial debt in recessionary times (44, 67, 68). Surprisingly, only BRAC has a place below 15, even though its shares have a high book value relative to their market value. The aforementioned findings imply that the majority of large-capitalized corporations and those who have low B/M ratios, regardless of capital size, generate positive returns per unit of total risks with lower volatility. Moreover, the results of the Treynor ratio and the Sharpe ratio do not differ much from one another in the case of the volume of market capitalization and the magnitude of the B/M ratios since eight of the top 10 companies according to the ranking of Sharpe ratio also place below 10 in the Treynor ratio ranking. However, every large-capitalized firm, except for Square Pharmaceuticals Limited, improves its position in the Treynor ratio, suggesting that large-capitalized companies have comparably lower systemic risk than their counterparts and generate more return at per unit of systemic risk. In addition, 10 companies out of 12 companies that have a low B/M ratio achieve a strong position in the ranking, symbolically below 15. On top of that, the majority of the firms that have small capitalization with high B/M ratios generate negative and lower Treynor ratios, indicating that their earning is less than the risk-free rate and unable to manage the market risk. Furthermore, the value of Jensen’s alpha represents that five companies out of the top six companies are large-capitalized and have lower to moderate B/M ratios, generating positive Jensen’s alpha. However, it is surprising to see that while nearly all the firms do not dramatically lose their position in the ranking compared to the earlier two ratios, the BRAC loses their position significantly according to Jensen’s alpha value. This finding indicates that although BRAC has a lower volatile return with low systemic risk, their portfolio manager’s stock-picking abilities are slightly weaker compared to their competitors to successfully outperform the market since Jensen’s alpha value is near 0. Apart from that, the majority of the firms with high B/M ratios are also seen as underperformers in the market. Finally, the results derived from the Sortino ratio analysis reveal an interesting observation. Among the nine large-cap companies under consideration, six of them have obtained rankings below 10 in the Sortino ratio, which is almost consistent with the patterns observed in the three previous ratios (Sharpe ratio, Treynor ratio, and Jensen’s Alpha), with one notable exception—IBBL. Our overarching findings are in line with the results obtained in the studies by Shapiro and Zheng (69) and Lynch (70), both of which have observed that large-cap firms tend to generate more consistent and stable risk-adjusted returns in comparison with their small-cap counterparts. Recently, Valadkhani (71) documented that small-cap ETFs experience more significant declines during extreme market downturns compared to their gains in periods of extreme market upturns. In addition, as anticipated, a significant portion of firms with high book-to-market (B/M) ratios exhibit unfavorable Sortino values. This observation suggests that these companies generate lower returns relative to the risk of incurring losses, aligning with the patterns observed in the other risk-adjusted ratios.



TABLE 3 Risk-adjusted returns.
[image: Table3]



4.3 Stationarity test

Table 4 states the stationary test of the studied variables. We consider two popular methods of unit root test, such as Augmented Dickey–Fuller (ADF) (72) and Phillips–Perron (PP) (73), for suspecting the existence of possible unit root in our time series data. Initially, we detect the stationarity feature at level I(0); after that, we also test the same at the first difference I(1). The results show that every variable in our study is free from the unit root, indicating the presence of stationarity characteristics in the variable both at the level I(0) and at the first difference I(1) at a 1% significance level, respectively. Hence, it is recommended that we run the OLS/linear regression model in this study.



TABLE 4 Unit root test.
[image: Table4]



4.4 Reliability checking of the models

Table 5 represents the results of diagnostic test statistics of the considering models. We employ a variety of tests to serve a variety of purposes, including the tolerance and variance inflation factor (VIF) values for the multicollinearity test, the Jarque-Bera (JB) statistic for the normality test, and the chi-square value for the heteroscedasticity test. According to the rule of thumb, tolerance values less than 1 and VIF values under 10 indicate that the model has no multicollinearity issues. We observe that all three of our estimated models—four-factor, three-factor, and two-factor models—fulfill the requirements for a multicollinearity-free model. After that, the models are, therefore, considered to be normal because the JB statistics fail to reject the null hypothesis at a 5% significance level for each model. Finally, the chi-square [image: image] values for all of the models are also rejected at the 5% level of significance, indicating that the heteroscedasticity assumptions have not been violated.



TABLE 5 Diagnosis test statistics.
[image: Table5]



4.5 Results of regression analysis


4.5.1 Impact of multi-factor models on market excess returns

The impact of the Carhart four-factor model, the Fama–French three-factor model, and the two-factor model on market excess returns of equity assets of listed companies under the index of DSE30 in the Dhaka stock exchange is exhibited in Table 6. The outcomes reveal that RPM affects the excess returns positively and significantly in three models (models 1, 2, and 3), whereas SMB and HML have a negative and significant impact on the excess returns of securities in the four-factor and three-factor models. The magnitude of these outcomes denotes that getting a risk premium boosts the profitability of the investors as it explains that if the market return is higher than the risk-free rate, the investors will generate more excess returns from their investments. Furthermore, the returns of size factor (SMB) and value factor (HML) outperform the excess return of the investment in four-factor and three-factor models, evidencing more returns of SMB and HML factors and less excess returns. However, it is surprising to notice that in the two-factor model, SMB positively and significantly affects the excess returns for the investors. In addition, the value of the momentum factor (MOM) in the four-factor factor model describes the excess returns in a negative and significant way, inferring that the sentiment of winning the stocks does not increase the extra return of investors. It is stated that stock investors will shift their funds from one company to another company if they forecast an uncertain future for that current company despite its good past performance (31).



TABLE 6 Regression outcomes of factorial values on market excess returns.
[image: Table6]

Moreover, our researched explanatory variables appear to have a perfect fit with the dependent variable ERN according to the adjusted [image: image] value of models I (0.9317), II (92.81), and III (0.8961), meaning that four-factor, three-factor, and two-factor models explain the excess returns 93.17, 92.81, and 89.61%, respectively. In addition, the intercept coefficients (c) are close to zero, which supports the proper regression model. Finally, based on the general guideline by Field (74) who stated that a Durbin-Watson test value between 1 and 3 is not of concern for autocorrelation, we confirm that there is no autocorrelation inherent in the models.



4.5.2 Impact of the Carhart four-factor model on cross-section excess returns

Table 7 denotes the impact of the Carhart four-factor model on the excess returns for investors in cross-section portfolios. The results show that the calculated coefficients of the market risk premium factor (RPM), which is significant and positive in all portfolios at the 1% level, have a very good ability to provide an explanation for the disparity in excess returns for each of the portfolios. Our finding is in agreement with previous research conducted by Fama and French (47) as well as Hasan et al. (32). These studies have demonstrated that the RPM factor exhibits a robust ability to explain variations in cross-sectional stock returns. The size factor (SMB), however, has a negative and significant impact on investors’ excess returns across all portfolio distributions (with the exception of the S/H and B/H cross-section firms), meaning that SMB explains excess returns spontaneously for portfolio distributions with small- or large-capitalized firms that have low or medium B/M ratio rather than portfolio distributions with high B/M ratio firms. The findings of Coşkun et al. (75) and Khan and Fahim (37) also concurred with our outcomes. Meanwhile, while the value factor (HML) has a positive and significant impact on S/L and S/H firms and a negative and significant impact on S/M, B/L, B/M, and B/H firms, the momentum factor (MOM) has no discernible impact on the excess return of investors for any given portfolio distributions. These results show that the return of value factor explicitly forecasts the supplementary profit for investors; however, the top-performing stock sentiment is unable to forecast the anticipated results for investors. Fama and French (48), Chui et al. (46), and Ang et al. (76) also documented that the momentum factor may be unable to explain the cross-section returns of stocks. Particularly, Fama and French (48) and Chui et al. (46) demonstrated that a country that places a greater degree of emphasis on individualism rather than collectivism has a significant momentum effect on stock returns. However, our result is contradicted by Khan and Fahim (37) who explored a strong effect of the momentum factor in stock returns, but they considered only non-financial institutions in their datasets.



TABLE 7 Regression outcomes of Carhart four-factor model.
[image: Table7]

Moreover, regression intercept c is supposed to be closer to zero if the model is valid. All intercepts are seen to have near zero. In addition, the adjusted [image: image] values in all the cases convey the perfect fit of the models.



4.5.3 Impact of Fama–French three-factor model on cross-section returns

The three-factor time series regression model developed by Fama and French (11) is presented in Table 8. We estimate the influence of factor return on cross-section portfolio returns taking into account the firms’ risk premium, size, and value factors. Surprisingly, it has been found that, with the exception of the momentum component in the four-factor model, the consequences of the Carhart four-factor model and the Fama–French three-factor model on the excess returns of cross-section portfolios are quite similar. Drew and Veeraraghavan (18) concluded in their study that the multi-factor model, specifically the Fama and French three-factor model, provides a parsimonious and economically meaningful representation of the risk factors that explain returns in the context of Malaysia. Furthermore, Lettau and Ludvigson (24), Kianpoor and Dehghani (23), and Jareno et al. (21) have independently affirmed the efficacy of the Fama and French three-factor model as a valid estimator for excess returns of securities. We find that in contrast to size factor (SMB), which has a negative and significant influence on the same return classes (apart from B/H) at 1 and 5% significant levels, risk premium (RPM) has a positive and significant impact on all portfolios at the 1% significant level. Furthermore, the value component (HML) has a positive and notable effect on S/L and S/H enterprises while having an adverse and significant effect on firms that have large capitalizations (except for S/M).



TABLE 8 Regression outcomes of Fama–French three-factor model.
[image: Table8]

Additionally, the modified R2 values and intercept coefficient values for all models in Table 7 indicate that the regression models are well-fitted.




4.6 Portfolio optimizations

The outcomes of the optimal optimization of the portfolios are shown in Figure 1. We compute the weights of optimal portfolios using data from three distinct standpoints and focus on minimizing the total risk (standard deviation) and maximizing the Sharpe ratio. First, we estimate the ideal portfolio weights taking into account the cross-section of enterprises (e.g., small-capitalized firms with low B/M ratio), after that, for robustness, we calculate the optimal portfolios based on market capitalization, and finally, we construct the portfolio depending on B/M ratio of the firms (e.g., low book value-to-market value ratio). The results of Figures 1A,B depict that if the investors invested 46.12% of their total funds in S/L portfolios, they could minimize most of their risk of investments, followed by 32.57% of their funds in S/H portfolios; in contrast, to maximize the Sharpe ratio, investors should invest 81.39% of their funds in B/M portfolios. These results demonstrate that small-capitalized companies with low B/M ratios offer a consistent return, but it is lower than the risk-free rate or it is unable to generate more profit according to the per unit of risk-taking. On the other hand, large-capitalized businesses with medium B/M ratios make more profit per unit of risk and offer a return that is higher than the risk-free rate. It suggests that, in general, risk-seeking investors should select large capitalization companies with medium B/M ratios to maximize their return, and comparatively lower risk tolerance investors should select small capitalization companies with lower B/M ratios to minimize the risk. Our findings are partially in line with the study conducted by Cao et al. (77) and Brown et al. (78). Their research indicated that investing heavily in mid- and large-cap stocks exposes investors to unforeseen risks. However, it is noteworthy that their study did not observe higher abnormal returns or performance persistence among investors in this context. Nevertheless, Ho et al. (79) presented evidence in their study suggesting that small-cap stocks may exhibit lower risk levels compared to large-cap stocks when evaluated over extended holding periods. Risk-seeking investors constantly search for risky investments to earn greater returns, whereas risk-averse investors demand higher potential returns on riskier investments to compensate for the increased uncertainty (80–82). From the perspective of the Bangladeshi stock market, the broader economic conditions and political instability of the country affect the risk and performance of stocks listed in the DSE [Source]. Recently, the Business Post reported that during the first half of 2023, the top 10 companies with the highest market capitalization in the Dhaka Stock Exchange experienced significantly lower returns. This was due to these companies being unable to increase their share prices beyond their floor prices. Meanwhile, smaller-cap companies saw a substantial rise in their share prices over the last 6 months in the DSE.6 Figures 1C,D display the optimal portfolio weight allocation between the small- and large-capitalized firms. It is observed that optimal weights of small-capitalized firms in the portfolio lead to lower standard deviation, resulting that if investors allocated 85.29% of their funds to the small-capitalized firms, they could manage to reduce the total risks of the investment. However, they have to put approximately 98.98% of their money into large-capitalized companies if they wish to optimize the Sharpe ratio. The share prices of large-cap companies maintain consistency since the market participants cannot easily manipulate their prices and the dividend yields of large-cap firms are higher than small-cap firms (83). Furthermore, the results of Figures 1E,F also show that the firms that have low B/M ratio capital (Low B to P) offer the lowest risk to the portfolio, followed by investments in firms with high B/M ratios. However, investing in companies with lower B/M ratio capital offers investors a greater Sharpe ratio. These results suggest that investing money in companies that have low B/M ratio capital entails less risk and results in a better Sharpe ratio.

[image: Figure 1]

FIGURE 1
 Optimal portfolio optimization plots (A–F). The S/L, S/M, S/H, B/L, B/M, and B/H are the short forms of small-cap with low B/M ratio, and small-cap with medium B/M ratio, small-cap with high B/M ratio, large-cap with low B/M ratio, large-cap with medium B/M ratio, and large-cap with high B/M ratio, respectively. Furthermore, the low B to M, medium B to M, and high B to M ratios indicate low book-to-market, medium book-to-market, and high book-to-market ratios, respectively. We utilize Microsoft Solver functions to determine the optimal portfolio weights. For more detailed information on this process, please see the link: https://www.youtube.com/watch?v=SKnpdX5rSt8.





5 Conclusion

The financial market is regarded as the hub for the administration and management of stock and debt allocations for all financial institutions. The share and debt securities are exchanged in the secondary market after being issued in the primary market, and investors are constantly looking for new strategies to explain the returns and make purchasing and selling decisions. However, there is a lack of studies on the return explanation abilities of different factor models along with some supportive analyses, in the context of Bangladesh, despite the fact that there are extensive studies on a variety of stock market-related issues. Hence, against this backdrop, we estimate the ability of factor values to explain the stock returns along with scrutinizing the risk-adjusted returns and optimization of portfolio weights of listed firms according to their cap sizes and B/M ratios. In doing so, we take the monthly prices of 30 listed companies in the Dhaka Stock Exchange under the DSE30 index. Primarily, the Sharpe ratio, Treynor ratio, Jensen’s alpha, and Sortino ratio are calculated for measuring the risk-adjusted returns, and after that, we apply the linear regression model to test the ability of factorial values in explaining the market and cross-section excess return of stocks.

The outcomes of our risk-adjusted techniques show that, in contrast to small-capitalized firms with high B/M ratios, those with relatively large capital with low B/M ratios have the ability to generate more profit per unit of risks, encompassing both systematic and downside, and have skillful fund managers for choosing accurate projects since they all have positive Sharpe ratio, Treynor ratio, Jensen’s alpha, and Sortino ratio. Furthermore, our linear regression estimations depict that all factor models have strong power to explain the market excess returns. However, concerning the impact of the Carhart four-factor model and the Fama–French three-factor model on cross-section stock returns, we do find a single difference in the results, exploring that except for the momentum factor, the risk premium, size, and value factors have a vast and identical impact on cross-section excess returns. Moreover, the size factor explains the returns more explicitly for small-to-low (S/L), small-to-medium (S/M), large-to-low (B/L), and large-to-medium (B/M) portfolios rather than portfolio distributions at small-to-high (S/H) and large-to-high (B/H) categories. Finally, our optimal portfolio optimization weights indicate that investors should invest 46.12–85.29% of their funds in small-cap firms with low B/M ratios to minimize the risk of investments; however, if they want to maximize the maximum Sharpe ratio, they need to invest 81.39–98.98% of their funds in large-cap firms that also have low B/M ratios.

Moreover, our findings have significant implications for the institutions, investors, financial analysts, and regulatory bodies, in the specific context of the Dhaka Stock Exchange. First, small-capitalized firms with high B/M ratios may be conscious about the optimum use of their capital and managing their systemic risk and unsystematic risks. Second, specifically, the investors in DSE can use the factorial returns to explain the stock return and make favorable portfolio decisions. Third, depending on the risk-taking behaviors, investors can allocate their funds according to the optimal weight distributions to minimize risk and maximize the Sharpe ratio. Fourth, the regulatory bodies and policymakers may enhance the quality of the stock market by reducing the asymmetric information between the investors and fund managers of companies and implementing proper policies. Finally, this research may contribute to the current literature on asset valuation models by shedding light on the viability and effectiveness of a number of CAPM modifications in an emerging market context.

Nevertheless, our study suggests that a larger sample size, coupled with more advanced methodologies, with a particular focus on the examination of out-of-sample R-squared values or application of time-varying models, could provide a more comprehensive assessment of the influence of factor models in elucidating stock returns across both long-run and short-run periods. In addition, conducting research to assess the effects of regulatory interventions on market dynamics within the DSE would be a noteworthy endeavor. This is particularly relevant given the recent implementation of costly surveillance software by the BSEC and the imposition of penalties on specific individuals engaged in market manipulation.
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Footnotes

1   Manipulation in stock market lives on despite surveillance, Available at: https://www.thedailystar.net/business/economy/stock/news/manipulation-lives-despite-surveillance-3116241 (Accessed May 27, 2023).

2   Chained-up stock market keeps bleeding, Available at: https://www.tbsnews.net/economy/stocks/chained-stock-market-keeps-bleeding-591234 (Accessed May 27, 2023).

3   For more information, please see the link: https://dsebd.org/assets/pdf/DSEX_DS30.pdf.

4   We consider that a corporation is classified as a small-cap company if its market capital is less than Tk.5000 crore. On the other hand, a large-cap company is one whose market capital exceeds Tk.5000 crore (Information available at https://simplywall.st/stocks/bd/market-cap-large).

5   The classification of companies based on book-to-market (B/M) ratio is as follows: the top 30% represents the high B/M ratio, the middle 40% indicates the medium B/M ratio, and the bottom 30% symbolizes the low B/M ratio (Lahboub and Bouhadi, 2023).

6   Small-cap cos outperform DSE heavyweights, Available at: https://businesspostbd.com/stocks/small-cap-cos-outperform-dse-heavyweights (Accessed September 20, 2023).
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Particulars Four-factor model Three-factor model Single-factor model

Multicollinearity test Collinearity statistics Collinearity statistics. Collinearity statistics
Tolerance VIF Tolerance VIF Tolerance VIF
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Heteroscedasticity test 2 palue 3 palue 2 palue
x x z
6.0987 01919 7.8199 00500 58452 00538

The normality and heteroscedasticity of the model are not a concern if the null hypothesis fails to be rejected at a 5% level of significance for the JB test and chi-square test.
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Variables Coefficients of portfolios

S/H B/L

RPM 1.0376%%% 1.2248%%% 1.0376%%% 103767 1.2248%%% 1037675
SMB ~1.0027%%% ~0.2297% ~00027 ~10027%%% -0.2297* ~0.0027
HML 0.2688% ~0.2515%%* 0.2688% —0.7312%%% —1.2515%% —0.7312%%%
MOM 0.0028 ~0.1070 0.0028 0.0028 ~0.1070 0.0028

c 0.0040 001457+ 0.0040 0.0040 0.0145% %+ 0.0040
Observations 19 19 19 19 19 19
RSquare 0.8817 08463 08823 0.8947 08716 0.8914
Adjusted R Square 0.8775 08409 08781 08910 0.8671 0.8876
Fvalue 21241%%% 156.88%%% 213,59+ 242.10%%% 193.52%%% 2339145

Signs **, *#, and * denote the level of significance at 1,5, and 10%, respectively The S/L, S/M, S/H, B/L, B/M, and B/H are the short forms of small-cap with low B/M ratio, small-cap with
medium B/M ratio, small-cap with high B/M ratio, large-cap with low B/M ratio, large-cap with medium B/M ratio, and large-cap with low B/M ratio, respectively.
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\ELELIES Coefficients

Model 1 Model 2 Model 3
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MOM —0.1049**

c 0.0014 0.0005 =0.0031
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Adjusted R-square 09293 09281 08961
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Durbin-Watson 21974 2.1260 1.8036

Signs ***, **, and * denote the level of significance at 1, 5, and 10%, respectively.
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Institution Industry type Market cap (Cr. Tk.) B/M rati
ACI Formulations Lid. ACIP Non-financial 732 043
Bata Shoe Company Bangladesh Lid. BATA Non-financial 1321 0.26
British American Tobacco BD Co Lid. BAT Non-financial 28010 013
Bangladesh Export Import Co Ld. BEXI Non-financial 10,357 079
BRAC Bank Lid, BRAC Financial 5762 107
Bangladesh Submarine Cable Co Ltd. BSCC Non-financial 3610 03
BSRM Steels Lid. BSRM Non-financial 2402 108
Bangladesh Steel Re-Rolling Mill Ltd. BSRR Non-financial 2687 149
Beximco Pharmaceuticals Lid. BXPH Non-financial 6522 0.62
City Bank Lid. CTBK Financial 2617 141
Delta Life Insurance Company Lid. DLIN Financial 1,768 0
Grameenphone Lid. Gp Non-financial 38,700 013
Heidelberg Cement Bangladesh Ltd. HBCB Non-financial 1012 666
IDLC Finance Ltd. IDLC Financial 1,933 091
Iskami Bank Bangladesh Ltd IBBL Financial 5345 123
Jamuna Oil Company Ltd. jocL Non-financial 1,992 105
Lafarge Holcim Bangladesh Lid. LFAR Non-financial 7526 0.26
Meghna Petroleum Ltd. MEGP Non-financial 2,160 ~0.15
MJL Bangladesh Ltd. MILB Non-financial 2746 047
National Bank Ltd. NBLL Financial 2672 194
Olympic Industries Ltd. oLIs Non-financial 3153 03
Orion Pharmaceuticals Ltd. ORIO Non-financial 1,881 103
RAK Ceramics Bangladesh Ltd. RAKC Non-financial 1836 041
Renata Lid. RNTL Non-financial 13,969 023
Singer Bangladesh Ltd. SGBD Non-financial 1514 022
Summit Power Ltd. SMPL Non-financial 3631 105
Square Pharmaceuticals Ltd. SQPH Non-financial 18,598 056
Titas Gas Transmission and Distribution | TITA Non-financial 4,046 181
United Commercial Bank Ltd. UCBL Financial 1828 225
Unique Hotel and Resorts Lid. UNIQ Non-financial 1,961 127

These abovementioned companies are listed in the Dhaka Stock Exchange (DSE) under DSE30 index. Financial institations refer to the profitseeking organizations that deal with financial
transactions and services, including banks, credit unions, insurance companies, and investment firms. In contrast, non-financial insttutions are organizations that are not primarily engaged in
financial activities. They can encompass a wide range of businesses and sectors, such as manufacturing, healthcare, technology, education, retail, and more. We consider that a corporation is
classified as a small-cap company if ts market capital isless than Tk.5000 crore. On the other hand, a large-cap company is one whose market capital exceeds Tk.5000 crore. (Available at:
https://simplywallst/stocks/bd/market-cap-large). Furthermore, the lassification of companies based on book-to-market (B/M) raio i as follows: The top 30% represents the high B/M ratio,
the middle 40% indicates the medium B/M ratio, and the bottom 30% symbolizes the low B/M ratio (55).
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The notes are similar to those in Table 7.
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Observations 119 19 19 19 19 19 19 19 19 19 19

std. dev. indicates standard deviation, and B test denotes Jarque-Bera test. Signs **#, **, and * denote the level of significance at 1, 5, and 10%, respectively. The B/H, B/L, B/M, §/H, /L, and
5/M are the short forms of large-cap with high B/M ratio, large-cap with low B/M ratio, large-cap with medium B/M ratio, small-cap with high B/M ratio, small-cap with low B/M ratio, and
small-cap with medium B/M ratio, respectively.
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We consider a 90-day treasury bil asrisk-free security to estimate the risk-adjusted returns. The small-cap and large-cap are the short forms of small-capitalized and lrge-capitalized firms, respectively. The low B/M, medium B/M, and high B/M ratos indicate low
bookto-market, medium book-to-market, and high book-to-market ratios, respectively. The signs f, A7 and? j indicate the annualized return, sk, and beta coeficient,respectively:
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