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Abstract

This paper examines SMB (small minus big), the mimicking portfolio in Fama and French’s [Fama, E.,
French, K., 1993. Common risk factors in the returns on stocks and bonds, Journal of Financial Economics
33, 3-56] three-factor asset pricing model. We do not examine whether SMB is a factor in explaining the
cross-section of returns. This paper’s focus is why S is greater than B. After controlling for market-
pervasive effects, we argue that the small-firm premium is driven by both investors’ emotional arousal
(proxied by the turnover ratio) and their disproportionate reactions to arousing stimuli.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

This paper examines SMB (small minus big), the mimicking portfolio in Fama and French’s
(1993) three-factor asset pricing model, which aims to capture the returns associated with firm
size. Gaunt et al. (2000) and Durack et al. (2004) have found a pronounced small-firm premium in
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Australia." In this paper, we use the small firm return (S) and big firm return (B) data from Durack
et al. (2004) to analyze why S is different from B. We focus on the determinants of the size
premium.

The pronounced small firm effect in Australia provides an excellent opportunity to obtain a
clear picture of the determinants of the size premium.” Our analysis highlights the importance of
behavioral forces in determining risk premia. We provide further evidence of the importance of
behavioral finance in understanding asset pricing and risk premia. We find clear evidence that the
size-premium is driven by the emotional arousal of investors (proxied by the turnover ratio) and
their disproportionate reactions to the arousing stimuli. Our analysis introduces emotional arousal
into the finance literature. Emotional arousal is an important concept which, we argue, has
considerable potential to explain financial phenomena.

There have been many explanations put forward as to why small firms earn higher returns than
big firms, both in Australia and internationally. Investors may simply require higher returns from
small firms as there is less information about them (Berk, 1995). This hypothesis, however,
cannot explain the reverse situation where there are prolonged periods of negative small firm
premiums, such as those documented by Dimson and Marsh (1999), when there appears to be no
variation in the level of information available to investors. Other explanations, which are based on
rational asset pricing theory, have similarly been unable to adequately explain why small firms
earn different returns to those of big firms.>

Problems associated with these rational explanations led us to consider if behavioral finance
can explain why S is different from B. To inform our analysis, we have considered the US
literature on the topic. Kumar and Lee (2002) argued that the small firm effect may be due to
fluctuating investor sentiment. Lee and Swaminathan (2000) have suggested that a market-based
measure, the turnover ratio, may proxy for investor sentiment and, if this is the case, the turnover
ratio may explain why small firms earn higher returns than big firms. Lee and Swaminathan’s
“sentiment story” is superficially compelling; it is not clear, however, if such an explanation can
address Black’s (1986) “mystery of noise trading”. Black asks why there is so much trading and
argues that:

“A person with information or insights about individual firms will want to trade, but will
realize that only another person with information or insights will take the other side of the
trade. Taking the other side’s information into account, is it still worth trading? From the
point of view of someone who knows what both the traders know, one side or the other
must be making a mistake. If the one who is making a mistake declines to trade, there will
be no trading on information” (p. 531)

' Durack et al. (2004) also argue that small firm returns, captured by SMB, are a pervasive factor in explaining stock
market returns. SMB is found to have a role in several Australian asset pricing studies (Halliwell et al., 1999; Faft, 2001;
Gaunt, 2004).

2 Furthermore, the Australian market is one where the small size of the economy, the large internal dispersion of
consumers, and the geographical isolation from the rest of the world combine in many sectors to encourage high levels of
concentration (Business Council of Australia, 2004). These factors result in a greater distinction between small and large
firms as the top 100 listed companies account for approximately three quarters of the overall market capitalization.

3 These theories include problems with risk estimation (Roll, 1981), return computation errors for small firms (Roll,
1983; Blume and Stambaugh, 1983), a delisting bias in returns (Shumway, 1997; Shumway and Warther, 1999), the tax-
loss selling hypothesis (Keim, 1983; Brown et al., 1983; Reinganum and Shapiro, 1987), a liquidity premium for thinly-
traded stocks (James and Edmister, 1983; Beedles et al., 1988), and if the small-firm effect is related to monetary policy
(Jensen et al., 1997, 1998)
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Lee and Swaminanthan’s (2000) case must necessarily surmount this challenge and their
argument does not address why “sentiment” should affect both sellers and buyers. For increasing
(decreasing) prices over the time frames observed in our study, Lee and Swaminathan’s argument
requires stimuli which drives both the positive (negative) sentiment on the buy (sell) side and a
commensurate negative (positive), or at least neutral, sentiment on the sell (buy) side to meet the
buyers’ (sellers’) demand.* Emotional arousal, instead of sentiment, seems to be a more satisfying
description. “Arousal is a central process, or behavioral state, that involves coordinated,
sustained, state-specific alterations in activity in numerous brain regions, producing coherent
patterns of behavioral...output...” (Foote, 2000, p. 237). Investors can be aroused by the same
stimuli yet have different responses to it. In financial markets, “flight or fight” is replaced by the
choice of buy, sell or hold.” An alternative descriptive characterization of high and low turnover
ratio stocks would be to denote them as high and low arousal stocks, respectively. The turnover
ratio would therefore be greatest in those stocks where a stimulus (or stimuli) is arousing investors
who choose to buy or sell.

Kaufman (1999) links emotional arousal and bounded rationality. He argues that there is an
increased propensity to rely on heuristic tools in decision making (a function of bounded
rationality) associated with increased arousal. A link between heuristics and arousal is pertinent.
Investors relying on heuristics may overreact. Overreaction, as well as underreaction, as we discuss
below, has been associated with the presence of momentum in stock market returns.® Jegadeesh
and Titman (2001) ascribed the momentum effect to overreaction. They found that the returns from
winners tend to reverse in the post-holding period. Overreaction (and underreaction) is taken to be
a reaction to stimuli, for example a positive return that is “corrected” by a negative return at some
time following the initial reaction. Conversely, Hong et al. (2000) have argued that the momentum
effect is driven by underreaction. Consideration of whether momentum is a function of
overreaction or underreaction, or both, is beyond the scope of the current analysis. As both might
be sources of momentum, we remain agnostic and denote both effects as disproportionate
reactions. Disproportionate reactions, that is, either overreaction or underreaction, to arousing
stimuli will be proxied by the winner and loser portfolios we utilize in our analysis.

The structure of the remainder of this paper is as follows. In Section 2, we begin by confirming
that S'is indeed greater than B. Following this we will address the question of why S is greater than
B in Section 3 of this paper. We regress the returns of S and B (which have been orthogonalized to
remove covariation due to movements in the market as a whole), using a range of candidate
variables to examine the potential determinants of their returns. Section 4 concludes the paper.

2. Are S returns greater than B returns?

We use the small and big firm spanning portfolios from Durack et al. (2004), which were
constructed using share prices from SIRCA’s Core Research Database and the market capitalization

4 In the short-term, positive (negative) sentiment on buy (sell) side trading may be supplied by existing liquidity (e.g.,
current limit orders). Over the longer-term horizons we examine, however, such an explanation will not, we believe,
explain variations in trading volume.

> Such an interpretation is consistent with models linking trading volume to disagreement (Varian, 1989; Harris and
Raviv, 1993; Kandel and Pearson, 1995; Odean, 1998). Disagreement is, in itself, arousing.

® The analysis of momentum as a priced variable is in its infancy in Australia. Demir et al. (2004) argue that a
momentum effect is present in Australian returns but their analysis is not necessarily convincing because they do not
consider if the “abnormal” returns would still exist when tested against in a Fama-French framework.
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figures from the AGSM’s Share Price Relative Database.’” The portfolios are formed from all fully-
paid Australian stocks listed on the ASX, excluding investment trusts, real estate trusts, banks and
insurers. Small firms are defined as those ranked in the bottom 30% of market capitalization and big
firms as those firms ranked in the top 30%." The value-weighted portfolios are rebalanced monthly.

Table 1 provides the summary statistics for the S and B value-weighted price relatives (P/P,- 1),
where P is adjusted for dividends and changes in capital structure. The summary statistics for
medium firms, defined as the middle 40% of firms (MID), are also provided. S has a higher mean
and median monthly price relative to both B and MID, with small firms outperforming big firms by
an average of 4.12% per month and outperforming medium firms by an average of 3.60% per
month. While the middle 40% of stocks are not the focus of our study, it is noteworthy that MID
outperforms B. The Wilcoxon signed ranks test rejects the null hypothesis of equality of returns
between the S and B portfolios. Therefore, in contrast to some of the recent international evidence
in the UK (Dimson and Marsh, 1999) and in the US (Booth and Keim, 1998), which showed that
big firms have higher returns than small firms, the results show that in Australia the size premium
was present over our entire sample period (January 1990 to December 2001).

Furthermore, while S has a higher total risk, as measured by standard deviation, it still has a
higher Sharpe (1966) ratio. This shows that S has a higher reward to total risk trade-off than B.’
We also considered if there are positive alphas when the CAPM is used to model excess returns of
S and B. We found that our inference about the returns of S being greater than B (made on the
basis of average returns and the Sharpe ratio reported in Table 1) is supported by this analysis. The
null hypothesis that the CAPM-alpha for B is equal to zero could be rejected but the alpha for S
was found to be positive and statistically significant. '

Table 1 also suggests that the price relatives of S conform to a different distribution than those
of B. In the value-weighted sample S is positively skewed whilst B is negatively skewed.
However, the Jarque-Bera test indicates that it is only S which is not normally distributed. Table 1
also shows that S has significant positive autocorrelation in its first three lags.

In using S and B from Durack et al. (2004) in Table 1, our analysis focuses on value-weighted
portfolios. It may be that value-weighting distorts the analysis — perhaps by amplifying the size-
premium. We considered this possibility by recreating the analysis in Table 1 using equal-
weighted metrics. The results of this analysis confirm the inferences we made on the basis of the
value-weighted indices. We also found that the analysis reported in Table 1 was not driven by
events peculiar to a time period by running the analysis for sub-periods.

Our study focuses on the top 30% and bottom 30% of stocks following Durack et al. (2004). The
value-weighted analysis conducted in Table 1 is repeated with different portfolio bin sizes to
examine the sensitivity of our results to the way we divide the market. Table 2 provides the
summary statistics for the analysis based on deciles (in this Table, S is the bottom 10% of stocks

7 SIRCA’s Core Research Database allowed the creation of daily values of the spanning portfolios. The spanning
portfolios used in Durack et al. (2004) and, consequently, the spanning portfolios analyzed in the present study, are
derived from these daily return series.

# Inspection of the composition of the portfolios did not reveal clustering amongst particular industry groups.

® Shumway (1997) and Shumway and Warther (1999) argue that smaller sized firms delist more often than larger firms,
and that when they delist the reason is most likely related to performance, which could introduce an upward bias into the
calculation of the small firm portfolio returns. Our reported results in Table 1 only include stocks which have a full month
of price data, i.e. there may be a delisting bias. We repeated the analysis using different assumptions on the treatment of
delisted stocks and found that our results were robust to these differing assumptions. These analyses may be obtained
from the corresponding author’s web page.

1% Interested readers may find details of this analysis, as well as all the robustness checks we discuss in this paper, on the
corresponding author’s website.



Table 1

Summary statistics for S, MID and B value-weighted spanning portfolios January 1990 to December 2001

Portfolio Mean Median Standard Skewness Kurtosis Jarque-Bera p-value Sharpe Wilcoxon p-value
Deviation ratio

S 1.0501 1.0421 0.0884 0.5750 3.2331 8.2622 0.0161 0.5051 —5.1792 0.0000
MID 1.0141 1.0134 0.0540 —0.1515 3.9684 6.1778 0.0456 0.1607
B 1.0089 1.0100 0.0405 —0.0852 2.8492 0.3107 0.8561 0.0839
T-bill 1.0055 1.0047 0.0021 1.7489 5.3716 107.1551 0.0000
Portfolio Autocorrelation at lag

1 2 3

Coefficient Ljung-Box p-value Coefficient Ljung-Box p-value Coefticient Ljung-Box p-value
S 0.1969 5.6972 0.0170 0.1164 7.7039 0.0210 0.1006 9.2143 0.0270
MID 0.1731 4.4064 0.0360 0.0264 4.5096 0.1050 0.1695 8.7911 0.0320
B —0.1294 2.4601 0.1170 0.0427 2.7298 0.2550 —0.0008 2.7299 0.4350

This table provides the summary statistics for the monthly value-weighted price relatives of small, big and middle Australian firms. At the start of each month all fully-paid
Australian stocks listed on the ASX, excluding investment trusts, real estate trusts, banks and insurers are ranked in ascending order based on their market capitalization figure.
Market capitalization is calculated by multiplying a firm’s share price by the number of shares it has outstanding. The firms ranked in the bottom 30% of market capitalization are
assigned to the S portfolio, those in the middle 40% are assigned to the MID portfolio and those in the top 30% are assigned to the B portfolio. Portfolios are rebalanced monthly.
Price relatives are calculated using discrete daily price relatives converted to form a monthly index. The Jarque-Bera tests the null hypothesis that the portfolio is normally
distributed. The Sharpe ratio is calculated as follows: (Rporfolio — Rr.bint) / Standard Deviationpfolio- Wilcoxon is the Wilcoxon Signed Ranks Test which tests the null hypothesis that
the median difference between the individual matched pairs of the S and B portfolios is zero. Ljung-Box tests the joint hypothesis that all the autocorrelations up to the specified lag
are simultaneously equal to zero.
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and B the top 10%) and Table 3 provides the results for quintiles (in Table 3, S'is the bottom 20% of
stocks and B the top 20%). Both tables show that the smallest stocks outperform the largest stocks,
although the change in performance when moving from small to large is not strictly monotonic.

We analyze the returns of our S and B portfolios (that is, the portfolios analyzed in Table 1) on
a month-by-month basis in Table 4. Small firms outperformed big firms during the sample period,
earning their highest mean and median returns in July and their lowest mean and median returns
in June. The finding that small firms also earn considerably higher mean and median returns in
January and February rules out the tax-loss hypothesis as a complete explanation for the small
firm effect. These results are consistent with earlier findings by Brown et al. (1983) in relation to
the seasonality of small firm returns.

3. Why are the S returns greater than B returns?

Having confirmed the existence of the size premium in Australia, we consider why the returns
of S are greater than those of B. S and B are self-evidently integral to the market as a whole. As
such, they are jointly subject to market-wide fluctuations and determinants. In order to understand
why S is different from B, the pervasive effect of the market must be “stripped out” to leave us with
the “pure-play” size-premium. In this study, we orthogonalize S and B (as well as the other market-
based metrics we utilize, i.e. the turnover ratio and momentum) by regressing each variable on the
market portfolio using GMM. From these regressions, the residuals are used to form factors that are
orthogonal to the market: S° and B®. This then allows for a “pure” analysis of the determinants of
the “unique” small-firm premium in the subsequent regression analyses we report.

Table 5 presents the results from the regressions of the market against both small and big firm
spanning portfolios. Unsurprisingly, both S and B have a strong relationship with the overall
market. Furthermore, S has a higher market coefficient which is consistent with CAPM-inspired
expectations that higher performing portfolios have higher betas, ceteris paribus.

Recognizing we are dealing with a system, we analyze S© and B® simultaneously, utilizing
Full-Information Maximum Likelihood estimation in our analysis. The results are presented in
Table 6. We report only the equations where every candidate explanation variable is included: the
removal of insignificant variables did not result in better equations or different inferences. Under
the heading Wald test, we also report z-statistics testing the null hypothesis that the coefficient
estimated for each variable is equal in both equations and a x” statistic testing the null that all
coefficients estimated for both equations are equal. The results of these tests support the
contentions we make below when we argue that the variables we examine have different effects on
S© and B°. The y? statistic is statistically significant and, in those instances where we highlight
that the effects of the coefficients are different for both equations, the ratio of the estimated z-
statistic to the standard error is greater than two, indicating that the null of equality can be rejected.

We have four market-based metrics, i.e. high and low turnover ratio spanning portfolios (TR-
High and TR-low) and two momentum spanning portfolios (winner and loser).!" Each metric is

" We do not include glamour and growth (high and low book-to-market) portfolios for two reasons. Firstly, and most
importantly, there is, at best, only mixed evidence that the book-to-market factor is priced in Australia (Durack et al.,
2004; Durand et al., 2006). Secondly, even if book-to-market was priced in Australia, it is not clear what this variable
might capture. Debate still rages in the U.S. about why this factor is priced. Chan and Chen (1991), Fama and French
(1995) and Dichev (1998) argue that the book-to-market effect is related to firm distress while Cohen et al. (2003)
provide evidence against this. Liew and Vassalou (2000) and Vassalou (2003) argue that book-to-market captures
exposure to economic risk. De Bondt and Thaler (1985), Lakonishok et al. (1994), La Porta (1996), Rozeff and Zaman
(1998) and Ali et al. (2003) argue that the effect is driven by investors’ overreaction.



Table 2

Summary statistics for ten size-based portfolios using value-weighted returns January 1990 to December 2001

Portfolio Mean Median Standard Skewness Kurtosis Jarque-Bera p-value Sharpe ratio Wilcoxon p-value
Deviation

S 1.1079 1.0820 0.1303 1.2425 5.3578 70.4061 0.0000 0.7864 —8.1009 0.0000
D2 1.0582 1.0394 0.1189 1.4494 8.1088 207.0168 0.0000 0.4435
D3 1.0302 1.0228 0.0819 0.4687 3.8178 9.2865 0.0096 0.3027
D4 1.0247 1.0166 0.0724 0.2034 3.9117 5.9805 0.0503 0.2655
D5 1.0124 1.0106 0.0670 0.2518 4.6050 16.9771 0.0002 0.1031
D6 1.0143 1.0071 0.0634 0.5108 4.3631 17.4093 0.0002 0.1399
D7 1.0128 1.0076 0.0578 0.5792 6.1883 69.0442 0.0000 0.1265
D8 1.0111 1.0123 0.0489 —-0.5300 3.8959 11.5579 0.0031 0.1153
D9 1.0092 1.0091 0.0458 —0.3647 3.0232 3.1961 0.2023 0.0820
B 1.0088 1.0081 0.0417 —0.0008 2.7824 0.2841 0.8676 0.0797
T-bill 1.0055 1.0047 0.0021 1.7489 5.3716 107.1551 0.0000
Portfolio Autocorrelation at lag

1 2 3

Coefficient Ljung-Box p-value Coefficient Ljung-Box p-value Coefficient Ljung-Box p-value
S 0.1114 1.8257 0.1770 0.1616 5.6908 0.0580 0.1122 7.5670 0.0560
D2 0.1985 5.7910 0.0160 0.1172 7.8257 0.0200 0.1900 13.2063 0.0040
D3 0.1449 3.0872 0.0790 0.0077 3.0959 0.2130 0.0051 3.0999 0.3760
D4 0.2191 7.0556 0.0080 0.1217 9.2499 0.0100 0.1613 13.1312 0.0040
D5 0.0892 1.1693 0.2800 —0.0550 1.6169 0.4460 0.0494 1.9800 0.5770
D6 0.1006 1.4867 0.2230 —0.0391 1.7132 0.4250 0.1162 3.7274 0.2920
D7 0.1603 3.7754 0.0520 0.0777 4.6693 0.0970 0.1419 7.6702 0.0530
D8 0.1840 4.9798 0.0260 —0.0304 5.1170 0.0770 0.0733 59183 0.1160
D9 0.0904 1.2017 0.2730 0.0285 1.3221 0.5160 0.0140 1.3512 0.7170
B —0.1537 3.4714 0.0620 0.0413 3.7237 0.1550 —0.0043 3.7264 0.2930

This table provides the summary statistics for the monthly value-weighted price relatives of small and big Australian firms. At the start of each month all fully-paid Australian stocks
listed on the ASX, excluding investment trusts, real estate trusts, banks and insurers, are ranked in ascending order based on their market capitalization figure. Market capitalization is
calculated by multiplying a firm’s share price by the number of shares it has outstanding. The firms ranked in the bottom 10% of market capitalization are assigned to the S portfolio,
those in the middle 80% are assigned to portfolios D2 to D9 and those in the top 10% are assigned to the B portfolio. Portfolios are rebalanced monthly. Price relatives are calculated
using discrete daily price relatives converted to form a monthly index. The Jarque-Bera tests the null hypothesis that the portfolio is normally distributed. The Sharpe Ratio is calculated
as follows: (Rportfolio — Rropinn)/ Standard Deviationposorio- Wilcoxon is the Wilcoxon Signed Ranks Test which tests the null hypothesis that the median difference between the
individual matched pairs of the S and B portfolios is zero. Ljung-Box tests the joint hypothesis that all the autocorrelations up to the specified lag are simultaneously equal to zero.
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Table 3
Summary statistics for five size-based portfolios using value-weighted returns January 1990 to December 2001
Portfolio Mean Median Standard Skewness Kurtosis Jarque-Bera p-value Sharpe ratio Wilcoxon p-value
Deviation

S 1.0737 1.0599 0.1130 1.1490 5.7615 77.4372 0.0000 0.6043 —6.4037 0.0000
Q2 1.0270 1.0225 0.0713 0.1069 3.3260 0.9122 0.6337 0.3020
Q3 1.0136 1.0134 0.0593 —0.0090 3.5694 1.9473 0.3777 0.1372
Q4 1.0116 1.0120 0.0481 -0.4718 4.1265 12.9555 0.0015 0.1272
B 1.0088 1.0095 0.0409 —0.0587 2.8191 0.2790 0.8698 0.0820
T-bill 1.0055 1.0047 0.0021 1.7489 5.3716 107.1551 0.0000
Portfolio Autocorrelation at lag

1 2 3

Coefficient Ljung-Box p-value Coefficient Ljung-Box p-value Coefficient Ljung-Box p-value
S 0.1929 5.4712 0.0190 0.1471 8.6744 0.0130 0.1710 13.0353 0.0050
Q2 0.2108 6.5306 0.0110 0.0987 7.9721 0.0190 0.1076 9.6986 0.0210
Q3 0.0911 1.2211 0.2690 —0.0487 1.5716 0.4560 0.1024 3.1360 0.3710
Q4 0.2081 6.3666 0.0120 0.0221 6.4387 0.0400 0.1132 8.3502 0.0390
B —0.1381 2.8056 0.0940 0.0433 3.0828 0.2140 —0.0066 3.0893 0.3780

This table provides the summary statistics for the monthly value-weighted price relatives of small and big Australian firms. At the start of each month all fully-paid Australian stocks
listed on the ASX, excluding investment trusts, real estate trusts, banks and insurers, are ranked in ascending order based on their market capitalization figure. Market capitalization is
calculated by multiplying a firm’s share price by the number of shares it has outstanding. The firms ranked in the bottom 20% of market capitalization are assigned to the S portfolio,
those in the middle 60% are assigned to portfolios Q2 to Q4 and those in the top 20% are assigned to the B portfolio. Portfolios are rebalanced monthly. Price relatives are calculated
using discrete daily price relatives converted to form a monthly index. The Jarque-Bera tests the null hypothesis that the portfolio is normally distributed. The Sharpe Ratio is
calculated as follows: (Rportfolio — Rrobin)/ Standard Deviationpfolio- Wilcoxon is the Wilcoxon Signed Ranks Test which tests the null hypothesis that the median difference between
the individual matched pairs of the S and B portfolios is zero. Ljung-Box tests the joint hypothesis that all the autocorrelations up to the specified lag are simultaneously equal to zero.
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Table 4
Monthly mean and median price relatives for S and B value-weighted spanning portfolios January 1990 to December 2001
Month S B Wilcoxon p-
Mean t-value Median Mean t-value Median value
January 1.0881 5.1567** 1.0820 1.0072 —0.4949 1.0144 —2.7456 0.0060
February 1.0911 5.5620%* 1.0918 1.0044 -1.3250 1.0106 —2.7456 0.0060
March 1.0286 —2.9184%* 1.0039 1.0025 —1.8760* 0.9988 -0.0784 0.9375
April 1.0293 —2.8214%%* 1.0326 1.0289 5.9470%* 1.0446 0.0000 1.0000
May 1.0419 —1.1154 1.0338 1.0038 —1.5041 1.0074 —1.4905 0.1361
June 0.9747 —10.2386** 0.9751 1.0067 —0.6293 1.0017 —2.1181 0.0342
July 1.1329 11.2387** 1.1230 1.0143 1.6053 1.0116 —2.6672 0.0076
August 1.0339 -2.2018%* 1.0267 0.9930 —4.6967** 0.9924 —2.4318 0.0150
September 1.0272 —3.1061%* 1.0554 0.9990 —2.9250%* 0.9960 —1.7258 0.0844
October 1.0445 —0.7599 1.0461 1.0138 1.4719 1.0261 —1.0198 0.3078
November 1.0638 1.8673* 1.0494 1.0012 —2.2746* 1.0065 —2.4318 0.0150
December 1.0452 —0.6632 1.0314 1.0315 6.7016%* 1.0261 —1.0983 0.2721
All months 1.0501 1.0421 1.0089 1.0100

*Indicates significance at 5%; ** indicates significance at 1%.
This table provides the per month mean and median price relatives for S and B spanning portfolios analyzed in Table 1
(where the portfolio formation is described in detail).

formed on the basis of ranking winners and losers over a 3-month formation period and holding
those securities for a 1-month period. As with S and B, the portfolios are value-weighted, re-
weighted monthly and orthogonalized to the market. Unlike many other studies, we do not form
combined long/short portfolios (i.e., high minus low turnover and winners minus losers) as each
component of these portfolios captures different aggregate affective states and the sensitivity to
each individual state may not be proportional.

Table 6 shows that both S© and B® are affected by the turnover ratio. The coefficient for TR-
high is positive and significant for both S° and B® although its value is much higher for $°
(0.5566 for S vs. 0.0251 for B; the p-values are 0 and 0.0202 respectively). In contrast, the
coefficient for TR-low is negative and statistically significant for S° (—0.5298; p ~0.0526) but
positive for B° (0.8511; p~0). As we have argued, high (low) investor arousal is proxied by a

Table 5

Orthogonalization of S and B value-weighted spanning portfolios against the market

Variable S B

Coefficient Intercept Market Intercept Market
Estimate —0.0272 1.0679 —0.0156 1.0156
t-statistic —0.1945 7.5874 —0.2942 19.4874
p-value 0.8461 0.0000 0.7690 0.0000
R-squared 0.1872 0.8050

Durbin—Watson 1.6449 1.8388

J-statistic 0.0000 0.0000

This table presents Generalized Method of Moments regression results for the following model:
PR, = ¢¢ + c;Market
PR;, is the price relative of the relevant portfolio of small and big firm portfolios (S and B) analyzed in Table 1 (where the

portfolio formation is described in detail). “Market” represents the value-weighted price relatives of all fully-paid
Australian stocks listed on the ASX excluding investment trusts, real estate trusts, banks and insurers.
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high (low) turnover ratio. Thus, returns of low arousal stocks have opposing effects on the small
firm premium. Positive returns decrease the premium and vice versa for negative returns. It is
perhaps when arousal is lowest that the small firm premium is lowest. Indeed, in extreme low
arousal states, the coefficients suggest that the size premium might become negative. Arousal
theory suggests that the pervasive characteristics of market participants in such situations would
be depression and boredom (Eisenberg et al., 1998).

It appears that the small firm premium is influenced by investors’ disproportionate reactions.
The coefficient for winner is positive and statistically significant for 5° (cwinner=0.2132;
p~0.0169) but insignificant for B°. Both S° and B° have positive and significant coefficients
(C1oser=0.2668 and 0.0265 respectively, p-values are 0.0011 and 0.0353) for the loser portfolio.
Thus, it is investors’ disproportionate reactions to both winners and losers which influence the
size-premium. That ¢jyge, fOr SO is almost ten times as great as the estimated coefficient of B°
suggests that the small firm premium is highly sensitive to returns of the worst performing stocks.

We also control for tax loss selling by incorporating a dummy variable taking the value of 1 if
the return is in July and zero if otherwise (Dj,;). The variable D;, is significant and positive for SO
(0.0610, p ~0) and insignificant for B®. Thus, the seasonal effect found in Table 4 “survives” the
orthogonalization to Rm. The behavioral determinants we have uncovered do not account for the
seasonality associated with the tax-effect hypotheses.

Three aspects of the analysis in Table 6 present, for us, unexpected results. The first of these
aspects relates to our control for interest rates (the variable T-bill), the second to the effect of the
US market (S&P; and S&P,_) and the third relates to the intercept term ¢, for BO.

Changes in the returns of the 90-day T-bill'* are used as a proxy for changes in the discount
rate. Jensen et al. (1997, 1998) find that a small firm premium exists only when the government
adopts an expansive monetary policy. Therefore, changes in the discount rate may be a factor
determining small firm returns when the interest rate policy is expansionary. We do not find any
effect for S©: the estimate for B® is negative (—0.52) and statistically significant. A finding such
as this is consistent with a “flight-to-quality” effect (Barsky, 1989). If such an explanation holds,
however, why this effect does not pertain to S© is puzzling. The effect is possibly asymmetric or it
may be the case that the investors flying to quality were not those who are investing in small
stocks?

Durand and Scott (2003) found that Australian stock market returns are driven by overreaction
to US stock market returns. The strong links between the returns in these markets are also
documented in the works of Ragunathan et al. (1999), Durand et al. (2001) and Durand et al.
(2000). It is useful to consider if the link between the Australian and US markets may have a role
in explaining why S is different from B. The coefficients for returns on the US market (S&P, and
S&P,_) are insignificantly different from zero. We believe that the effect documented in the
literature on the relationship of Australian to American returns “disappears” in the
orthogonalization.

The intercept term for BC, c,, is positive (0.5477) and statistically significant (p ~0.0343).
Merton (1973) argued that a well specified asset-pricing model should have an intercept equal to
zero for excess returns. It is not clear how this criterion might apply to the orthogonalized portfolio
we are studying (especially when the intercept term in the orthogonalizing equation — reported in
Table 6 — is insignificantly different from zero and the distribution of error terms is i.i.d.). The
positive intercept may indicate that further research is required to determine variables which may
be incorporated to better explain B°.

12 These variables are obtained from the Reserve Bank of Australia’s website: www.rba.gov.au.
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Table 6
Modeling S and B stock market returns Full-Information Maximum Likelihood System results using the turnover ratio,
momentum, interest rates and S&P 500 metrics January 1990 to December 2001

Coefficient Co CTR-low CTR-high  Cwinner Closer Cdjul Cbill Cs&pP CS&P(— 1)
s°

Estimate 23583 —0.5298 0.5566  0.2132  0.2668 0.0610 —2.2959 —0.0335 —0.0209
z-statistic 1.0256  —1.9383 9.3735 23896 3.2592 5.0429 —1.0041 —0.2987 —0.1597
p-value 0.3051 0.0526  0.0000 0.0169 0.0011 0.0000 0.3153 0.7652 0.8731
R-squared 0.6551

Ljung-Box 2.7262

p-value 0.0987

BO

Estimate 0.5477 0.8511  0.0251  0.0148 0.0265 —0.0026 —0.5200 0.0007  —0.0250
z-statistic 2.1161 221285 23233 09675 2.1053 —0.8090 —1.9820 0.0390  —1.6590
p-value 0.0343 0.0000 0.0202  0.3333  0.0353 0.4185 0.0475 0.9689 0.0971
R-squared 0.8669

Ljung-Box 2.8100

p-value 0.0937

Wald test

Chi-square 254.1816

p-value 0.0000

Z-statistic 1.7990 —1.3812 0.5315 0.1985 0.2404 0.0636 —1.7644 —0.0340 0.0041
Standard error 1.9011 0.2278 0.0678  0.1194  0.0888 0.0180 1.8541 0.0874 0.0810
System

Log-likelihood ~ 758.7090

AIC —10.4265

SIC -10.4177

This table presents Full-Information Maximum Likelihood System regression results starting with the following two
systems:

S5 = ¢o 4+ ¢1 TRLow + 2 TRpgignh + c3Winner + c4Loser + ¢sDju + ¢ T-bill 4+ ¢7S&P + cgS&P(—1)
Bj, = ¢y + c1TRLow + 2 TRyjgn + c3Winner + c4Loser + csDjyy + ¢ T-bill + ¢7S&P + cgS&P(—1)

Here, Sj; is the orthogonalized price relative of the small firm spanning portfolio, B®; is the orthogonalized price relative of
the big firm spanning portfolio, TRy, represents the price relative of the low turnover ratio spanning portfolio, TRp;gn
represents the price relative of the high turnover ratio spanning portfolio, Winner represents the price relative of the
momentum winner spanning portfolio, Loser represents the price relative of the momentum loser spanning portfolio, Dy
is a dummy variable for the month of July, T-bill is the monthly 90-day Australian Treasury bill price relative and S&P is
the price relative series of the US Standard & Poor 500 Index. S&P(—1) is S&P at lag one month. TRy oy, TRpjigh, Winner
and Loser are orthogonalized to the market (in the same way that S° and B° have been orthogonalized in this analysis).
Ljung-Box tests the joint hypothesis that the autocorrelation of the residuals at lag one is equal to zero. AIC is the Akaike
Information Criterion. SIC is the Schwarz Information Criterion. The null of the Wald Test is that the estimated coefficients
for $°;, equal those estimated for Bj).

To evaluate the robustness of the inferences we have made on the basis of the analysis reported
in Table 6, we analyzed the data from two sub-periods (January 1990 to December 1995 and
January 1996 to December 2001) and found that the results were not driven by events particular to
a specific period of time. We also considered if the regression results reported in Table 6 are
sensitive to the orthogonolization procedure we adopted. First, we simply subtracted the monthly
market return from the returns of our portfolios. Second, we repeated this analysis without
orthogonalizing. These analyses confirmed that the inferences we made on the basis of the
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analysis reported in Table 6 are robust to those variations in methodology. Additionally, we then
considered if the analysis was robust to our definition of liquidity. We re-analyzed our data using
liquidity metrics calculated using the number of shares traded and also the dollar volume of shares
traded; our results are robust to these alternative definitions of liquidity. Details of all the
robustness tests we discuss may be downloaded from the corresponding author’s website.

4. Conclusion

Similar to the equity risk-premium (Rm-Rf), the size-premium, SMB, is an important
component of the empirically derived models of the cross-section of returns.'® Using Australian
data from January 1990 to December 2001, we confirm that the size premium has been, on
average, positive and statistically significant. Our analyses confirm that the portfolio of the
smallest 30% of stocks outperformed the portfolio of the largest 30% of stocks as measured by
market capitalization.

We also examined why small firms earn a premium over large firms. In Section 3 of the paper,
after orthogonalizing S and B to remove market-pervasive influences, we regressed these
variables against variables which we hypothesize may explain the premium. We find that
portfolios formed using the turnover ratio (which captures investor arousal) and momentum
(which has been associated with investors’ disproportionate reactions) have considerable
explanatory power for small firm returns.

Our findings point to the small firm premium being determined by behavioral factors. Small
firm returns are highest for firms which investors have the greatest arousal. Small firm returns also
appear to be fuelled by investors’ disproportionate reactions to arousing stimuli.
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