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We employ a special adaptive form of the Strongly Typed Genetic Programming
(STGP)-based learning algorithm to develop trading rules based on a survival of the
ﬁttest principle. Employing returns data for the Russell 1000, Russell 2000 and Russell
3000 indices the STGP method produces greater returns compared to random walk
benchmark forecasts, and the forecasting models are statistically signiﬁcant in respect of
their predictive effectiveness for all three indices both in- and out-of-sample. Using
one-step-ahead STGP models to investigate the differences in return patterns between
small and large stocks we demonstrate the superiority of models developed for small-cap
stocks over those developed for large-cap stocks, indicating that small stocks are more
predictable. We also investigate the relationship between trading volume and returns, and
ﬁnd that trading volume has negligible predictive strength, implying it is not advantageous
to develop volume-based trading strategies.
ã 2014 Elsevier B.V. All rights reserved.
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1. Introduction
Researchers have devoted considerable efforts to investigate the differences in returns between small-cap stocks and
large-cap stocks from both time series and cross-sectional perspectives. Some of this research focuses on the cross-section of
returns and, in particular, the issue of the extent to which small-cap stocks yield higher average returns than large-cap stocks
(see the seminal papers of Banz (1981) and Reinganum (1981)). Another signiﬁcant part of this literature has focused on the
time series of returns to ascertain whether the returns of small-cap stocks are more predictable than those of large-cap
stocks. Relatedly, in the broad context of studies of market predictability, a further major debate is whether trading volume
has any predictive power with reference to returns.
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This study makes a number of contributions to the existing literature by using a Strongly Typed Genetic Programming (STGP)
technique to obtain new evidence about the predictability of returns for small-cap and large-cap stocks, and whether trading
volume has any predictive strength. No other study has investigated either of these through the application of STGP modelling.
STGP was developed by Montana (1995) and builds on genetic programming (GP). GP is a technique for enabling computer
programs to build their own solutions to problems and, consequently, GP is allied to the work that computer scientists have
carried out in the related ﬁelds of artiﬁcial intelligence and machine learning (Poli et al., 2008). GP draws on the idea of adaptive
behaviour to make it possible for an initial group of programs to create a next generation of programs, which then create a next
generation of programs and so on. Only those programs that produce the best solutions are allowed to ‘breed’ the next
generation. In our experiment trading rules are developed through this evolutionary-based STGP technique. Hence, the trading
rules evolve as the generations succeed one another. By using this approach, and allowing all trading rules to evolve
incrementally, we avoid the major shortcomings related to data mining associated with many previous studies.
In the experiment returns data for the Russell 1000, Russell 2000 and Russell 3000 indices is used to represent a risky
asset (Russell, 2014a,b). We ﬁnd the STGP method produces greater returns compared to random walk benchmark forecasts,
and the forecasting models are statistically signiﬁcant in respect of their predictive effectiveness for all three indices both
in- and out-of-sample. Using one-step-ahead STGP models to investigate the differences in return patterns between small
and large stocks we demonstrate the superiority of models developed for small-cap stocks over those developed for
large-cap stocks, indicating that small stocks are more predictable. The STGP models for the Russell 2000, small-cap, Index
outperform a simple buy-and-hold strategy by greater 4% for both out-of-sample and entire sample.
When we investigate the dynamic relationship between trading volume and index returns to determine whether the level
of in-sample trading is a good predictor for out-of-sample stock returns we ﬁnd that trading volume has negligible predictive
strength, implying it is not advantageous developing volume-based trading strategies.
The fundamental premise underlying GP is that as populations reproduce then subsequent populations should be better
adapted to survive. The experiments are initially performed based on an opening population of 10,000 traders. The
experiments are then re-performed using a smaller population of 1000 traders as this enables us to investigate whether
population size impacts on genetic diversity. We ﬁnd the trading rules that evolve from the smaller population produce
lower returns in comparison to a naive buy-and-hold strategy. This suggests that the population size does impact on genetic
diversity as the trading rules for the smaller are not sufﬁciently adapted for the development of effective forecasting models.
The remainder of the article is structured as follows: Section 2 reviews the relevant extant literature as its links to our
research design; Section 3 discusses the experimental design; Section 4 presents the results; and the paper concludes with
overall remarks and discusses avenues for further research in Section 5.
2. Background
In this section we review the existing literature relevant to our study. In Subsection 2.1 we review the literature looking at
the relative predictability of small and large stocks. In Subsection 2.2 we discuss the existing evidence on the link between
predictability and volume.
2.1. Studies related to the relative predictability of small and large stocks
A number of prior studies examine the relative predictability of small stocks and ﬁnd that they are priced in a less efﬁcient
manner than large-cap stocks (see, for example, Blume et al., 1994; Avramov, 2002; How et al., 2010). Similarly several
studies show that technical trading rules have greater predictive ability for small companies (Bokhari et al., 2005; Hsu et al.,
2010; Shynkevich, 2012). Lo and MacKinlay (1990) uncovered a lead-lag pattern which shows that current returns of small
stocks are correlated with past returns of large stocks. Several studies attempt to explain the cross-sectional returns of small
and large stocks. For instance, Chordia and Swaminathan (2000) observe that large-cap stocks respond rapidly whereas,
small-cap stocks respond slowly to marketwide information.
Amihud (2002) shows changes in illiquidity inﬂuence small-cap stocks more strongly, which explains time series
variations in their return premiums over time. Small-cap stocks pricing inefﬁciencies may also be explained by the fact that
such assets are less widely purchased and consequently do not receive the same level of attention. This means that they are
relatively more vulnerable to information asymmetry, experiencing gradual price adjustments because news is absorbed
slowly (How et al., 2010).
2.2. Studies related to the volume-return relationship
Ghysels et al. (2000) provide a review of the stylized facts related to the volume-return relationships documented in the
literature. Two of these stylized facts are relevant to our study: (1) expected returns are dependent on the volume traded;
and (2) there is a highly non-linear relationship between volume and stock returns. The dynamic nature of the
volume-return relationship is an important indicator of whether information about trading volume is useful in improving
the predictability of stock returns.
While many studies have investigated the empirical and theoretical relationship between stock returns and trading
volume, a consensus has not yet been reached regarding such issues as whether the relationship is unidirectional or

