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An investigation into aggregation bias: the case of stocks and
treasury bill returns in Ghana

Dodzi K. Dunyo , Ellis Kofi Akwaa-Sekyi , Joseph Magnus Frimpong and
Akua Peprah-Yeboah

Department of Accounting and Finance, Kwame Nkrumah University of Science and Technology, Kumasi (KNUST), Ghana

ABSTRACT
The paper investigates aggregation bias by comparing the risk and returns characteris-
tics of stock exchange-traded shares and Treasury bills (T’bills) in Ghana. The study
uses end of period annualized data on T’bills and stocks returns, and inflation from
1990 to 2020. We mainly consider four separate investment periods: 1990–2000,
2001–2010, 2011–2020, and 1990–2020 (i.e. the aggregated period) in order to deter-
mine possible aggregation bias occurring from lumping the years together. We meas-
ure average annual returns, standard deviations, co-efficient of variations, Sharpe ratio,
ANOVA, Jarque-Bera test, maximum drawdowns (MDD), and correlation analysis to
determine risk and return characteristics of the two instruments. The study finds that
T’bills compared to stocks shows higher returns yet lower risk, thereby indicating an
inverted yield curve. Levene’s Test for Equality of Variances indicates stocks signifi-
cantly outperformed T’bills over the 31-year aggregated period. The study reveals the
presence of aggregation bias as stock and T’bill risk and return characteristics of two
segregated periods (i.e. 1990–2000 and 2011–2020) contradict the general expectation
of risk-return trade-off theory contrary to that of the aggregated period. The MDD,
ANOVA results, Anova F-test and Welch F-test reveal aggregation bias for T’bills but
not for stocks. We recommend future studies to ensure that analysis and conclusions
made do not suffer aggregation bias by disaggregating aggregated units.

IMPACT STATEMENT
The problem of aggregation bias is one of the neglected issues in most research in
finance and economics. There is perceived reliability and generalizations provided by
studies with larger sample sizes without recourse to changes in political and macro-
economic conditions that potentially impact investment performance. Hence, invest-
ment decisions and policies could be affected by misleading conclusions drawn from
aggregated data. By segregating the aggregated periods into three separate decades,
we show that risk and return characteristics (as measured by risk-return trade-off the-
ory, co-efficient of variation, Sharpe ratio, maximum drawdowns, and likelihood of
loss) of stocks and treasury bills differ among the segregated periods suggesting the
presence of aggregation bias. The study potentially enhances the effectiveness of
investment and policy decisions among investors. As investor value increases through
prudent investment decisions, it would attract more investors, thereby improving the
efficiency of the capital market and ensuring efficient allocation of (economic) resour-
ces through increased market participation and enhanced liquidity leading to eco-
nomic activities and GDP growth.
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Introduction

The financial market of Ghana is still at its developmental state even though there has been significant
improvement over the past years. The risk and return characteristics of a capital market determines the
volume of transactions, instruments traded and the participants. There is ample evidence to believe that
risk and returns in the stocks and money markets co-vary (Gusni et al., 2018; Markowitz, 1952; Panigrahi
et al., 2020; Qureshi et al., 2019) and this can alter the inventory risk borne by both markets (Bellelah
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et al., 2017). Changes in the macroeconomic environment over a period of time causes a change in risk
and return characteristics of the various classes of assets. For this reason, analysis and conclusion made
on investment returns using aggregated periods may result in aggregation bias (Bessembinder, 2018; Di
Maggio et al., 2020; Kolapo et al., 2018). We argue that previous empirical studies (such as Aboagye
et al., 2008; Antwi et al., 2012; Bessembinder, 2018; Di Maggio et al., 2020) that use aggregated data
might have suffered aggregation bias. This may consequently give misleading information to investors
and policy makers in their investment and policy decisions.

The objective of this study is to investigate aggregation bias by comparing the risk and return charac-
teristics of stocks and treasury bills (T’bills forthwith) in Ghana, a country that has gone through various
macroeconomic and socio-political transitions (Gyimah et al., 2021) over the past three decades. We use
annual returns of stocks and treasury bills covering a period of 31 years to assess and compare the risk
and return characteristics of stocks and treasury bills. For the purpose of ascertaining whether or not
there is aggregation bias, we segregate the 31-year period into three separate periods based on defined
timelines. We assess the extent to which the risk and return characteristics of each of the disaggregated
periods support the risk and return trade-off theory of investments. Our analysis explores the heteroge-
neities in risk and return characteristics of stocks and T’bills using the risk-return trade-off theory to
shape policy, monetary and investment decisions. Our study provides evidence of aggregation bias in
risk and return characteristics of stocks and treasury bills in Ghana. In real terms, T’bill have outper-
formed stocks except during the 2001–2010 segregated period, and in most cases risk-adjusted return
(i.e. covariance) was low for T’bill compared with stocks. When risk alone is analysed, robustness check
revealed no aggregation bias with stocks as no significant difference was observed among the mean
returns of the segregated periods. T’bill however suffered aggregation bias. Real maximum drawdowns
for stocks were high and almost the same (i.e. 71.09%, and 68.48%, 69.68%, 67.35%) among the aggre-
gated and segregated periods. In nominal terms, no maximum drawdown was observed for T’bill.

This paper differs from Antwi et al. (2012) and make significant contributions to existing literature on
investment performance in Ghana. Firstly, this study provides evidence that the risk and return characteris-
tics of financial instruments differs when the same data is disaggregated. Investment returns respond to
economic conditions (Bessembinder, 2018; Di Maggio et al., 2020; Kolapo et al., 2018). Using aggregated
data from 1990–2010, Antwi et al. (2012) in their study compared risk and returns characteristics of T’bill
and stocks in Ghana to find out which of the two instruments gives better rewards to investors. Their
result confirms the risk and returns characteristics associated with investment-the higher the risk, the
higher the returns. By disaggregating the 31-year investment holding period (i.e. 1990–2020), we prove
that two out of the three of the segregated periods (i.e. 10-year investment holding period each) violate
the risk-return relationship which is an evidence of aggregation bias. This result is new to existing litera-
ture. Secondly, this paper made use of data spanning a period of 31 years covering All Share Index and
the Composite Index. This contrast from 21-year period (1990–2010) and All Share Index employed by
Antwi et al. (2012). All things being equal, the use of larger sample size should provide better appreciation
of the risk and return characteristics of stocks and T’bill in Ghana. Thirdly, the novelty of this study is seen
from the perspective of continuous growth of the GSE. Although the GSE is yet to attain market efficiency
(Frimpong & Oteng-Abayie, 2006), there have been significant improvement in key indicators such as mar-
ket capitalization, trading volume, liquidity, number of listed stocks, regulation etc. over the past decades
(Ghana Stock Exchange, 2023; Gyimah et al., 2021). Hence, the use of data covering 1990–2020 in contrast
with 1990–2010 data employed by Antwi et al. (2012) ought to offer novel insight into the risk and return
characteristics of stocks and T’bill in Ghana. Fourthly, previous studies by Antwi et al. (2012) relied only on
average returns, standard deviation, and coefficient of variation in determining the risk and returns charac-
teristics of the two instruments. The present study adds to the existing literature by extending the parame-
ters used in assessing the risk and return characteristics of stocks and T’bill to include Sharpe ratio,
ANOVA, kurtosis, skewness, Jacque Bera test, maximum drawdown and likelihood of loss to further test
aggregation bias and offer better insight and comprehensive perspective on the risk and returns character-
istics of stocks and T’bills in Ghana. More so, the saliency of information on investment performance sig-
nificantly influenced investor’s appreciation and investment decision (Riley & Yan, 2022; Barber et al.,
2005). Considering the crucial effect of inflation on the cumulative real value of investment in developing
economies, the cumulative real value of investment at the of end each of the four investment periods and
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the computed real maximum drawdowns provide salient information that should aid investors in their
investment decisions without the need for sophisticated investment performance analytical tools or ana-
lyst. Finally, contrary to ‘conventional wisdom that active management does not necessarily create value
for investors’ (Cremers et al., 2019), our result suggests that, holding all other variables equal, stocks and
T’bill returns is dynamic. This requires that investor and managers of investment need to be active in order
to maximise investment returns.

The remaining sections are organised as follows: literature review, methodology, results, and conclu-
sion of the study.

Literature review

Hypothesis relating to aggregation bias states that individual units from which the aggregated data is
drawn may be units with heterogeneous characters (Abhishek et al., 2015; Bessembinder, 2020).
Computing the financial or economic relations suppresses these heterogenous behaviours (differences
hidden in the disturbances within the model constructed from the aggregation of the data) resulting in
bias estimates (Nasser et al., 2018). In the case of stock market and T’bills returns, significant differences
in risk and return characteristics of the instruments provide evidence of aggregation bias (Beshears
et al., 2017; Kolapo et al., 2018; Qureshi et al., 2019).

Di Maggio et al. (2020), Bessembinder (2018), Antwi et al. (2012), and Aboagye et al. (2008), compare
the risk and return characteristics of stocks and money market instruments such as T’bills to determine
which of the instruments reward investors better. The authors lump the years together without recourse
to changes in political and macroeconomic conditions that may have impacted investment performance
over the years (Nasser et al., 2018; Ndlovu et al., 2018) and consequently expose the findings to possible
aggregation bias (Hilliard & Zhang, 2015; Liu et al., 2019), with the assumption that what is true for the
aggregated period could be true for all time. Bogoev and Sergi (2012) suggest that segregating the peri-
ods or timelines or investment horizons caters for pragmatic investment and policy decisions.

Risk-return trade-off theory and the relationship between risk and return characteristics

The relationship between risk and return is often represented by a trade-off (Di Maggio et al., 2020;
Kolapo et al., 2018). The risk-return trade-off theory states that the expected return of an asset increases
as the level of risk increases (Mohamed & Ahmed, 2018; Qureshi et al., 2019). This connotes a positive
correlation between risk and returns, meaning low levels of risk (uncertainty) are connected with lower
expected returns and vice versa. A fundamental assumption of the risk-return trade-off theory is that
investors are risk averse, and hence require to be compensated for risk bearing. The more investors take
risk, the higher the return expected as compensation for the higher risk taken; implying a trade-off
(Bricker et al., 2019). Thus, investors assess the various classes of asset and their risk and return charac-
teristics before making investment decisions (Beshears et al., 2017; Kolapo et al., 2018). It can be seen
from Table 1 that; various asset classes have their own risk-return characteristics. An investment with
high risk exposure is expected to yield high returns (Qureshi et al., 2019).

Risk and return differ among different classes of investments such as cash and cash equivalents, fixed
income, and equities, and therefore over time behave differently in response to macroeconomic and
socio-political conditions (Ndlovu et al., 2018; Ndubuaku et al., 2017). Shares or equities are known to
potentially have higher returns as well as higher risk (Jord�a et al., 2019; Kolapo et al., 2018) compared
with treasury bills (Bessembinder et al., 2019; Gyimah et al., 2021). Thus, investing in risky asset such as
shares would require adequate risk premium in order to hold onto their assets.

Maximum drawdowns

Most studies on investment performance primarily concentrate on risk-adjusted returns rather than on
risk alone. When assessing risk directly, volatility or beta are commonly used as metrics (Riley & Yan,
2022). It’s critical to track drawdowns over time in order to evaluate the magnitude of losses an invest-
ment is exposed to. As an additional indicator of market performance, maximum drawdown (MDD)
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measures the difference between the value of the highest peak before the trough and the lowest trough
or maximum decline in an investment’s value (Riley & Yan, 2022). MDD is easily understood by an
investor with no background in finance or mathematics. Investors can enhance their comprehension of
investment risk and make well-informed assessments by scrutinising the highest losses encountered in
various market scenarios. According to earlier studies, investors’ consideration of information while mak-
ing judgements about investments is significantly influenced by its saliency (Barber et al., 2005). The
computation of MDD relies on changes in cumulative returns and the investment’s volatility is deter-
mined by calculating the difference between its highest peak and lowest trough values. MDD gives
investors a nearly precise indicator of how much its value will fluctuate in the future. A low MDD num-
ber, denotes a smaller level of risk due to the investment’s value swings. Higher MDD increases the pos-
sibility that investors may lose capital. When weighing two investment alternatives, the option with the
lower MDD value is usually preferred by an investor who wants to be assured of steady returns.
However, another investor would select assets with higher MDD values if they were ready to assume a
greater level of risk in exchange for a larger return (Riley & Yan, 2022).

The Ghana Stock Exchange

The Ghana Stock Exchange (GSE) is the official stock exchange of Ghana. The GSE was incorporated on
the 10th of July 1989 and began operation in 1990 (Ghana Stock Exchange, 2023). The GSE was
adjudged the world’s best performing stock market in 2003. As at Friday 14th January, 2022, the market
capitalization of GSE was GHS64, 213.36 million or GHS64billion (an equivalent of $10billion). The GSE
currently has 37 companies with 42 listed equities and 2 corporate bonds. Since its inception, the GSE’s
the GSE All-Share Index listings have been part of its main index. The GSE composite index was intro-
duced in 2011. The exchange has a pre-market session from 9:30 am to 10:00 am and normal trading
sessions start from 10:00am to 15:00pm on all days of the week except Saturdays, Sundays and holidays
declared by the exchange in advance (Coffie, 2019; Ghana Stock Exchange, 2023).

Empirical literature

Aggregation bias has received a lot of attention in statistical analyses especially from econometricians
who are interested in precisely modelling the relationship between aggregate (macro) behaviour and
individual (micro) statistics so that estimations and inferences made regarding economic parameters
using data from both the macro and micro level are accurate and inform effective policy decision.
Abhishek et al. (2015) define aggregation bias from the perspective of ecology as the expected differ-
ence between the effects for the group and the effects for the individual, if there is no confounding.
Luloff and Greenwood (1980) defines aggregation bias as deviation of macro parameters from the mean
of their corresponding micro parameters. It is the incorrect assumption that ‘what is true about the

Table 1. Classes of assets, risk characteristics and risk measure.
Asset class Characteristics Risk Return

Cash
Cash, cheques, bank deposits.

Risk and returns are lowest, used by investors risk
tolerance and short-term investment outlook.
Interest only earned on investment does not
compensated the investor for inflation.

Low Low

Fixed interest
Generally, includes income-
generating assets (treasury bills,
fixed deposits, mortgage trusts)
variation in capital value can
sometimes occur.

Fixed interest is more volatile than cash but still
a relatively stable asset class.
The initial amount invested is received at the
period ending. Only fixed interest is received
without recourse to inflationary effects.

Low/Moderate Moderate

Property
This includes commercial, industrial
and residential properties.

Property investments have a higher risk than
fixed interest but less than shares.
Can provide tax-advantaged income from rent
received and can include capital growth.

Moderate /High Moderate/High

Shares: Purchase of stock to gain
ownership and earn reward such as
capital gains and dividends.

Shares are the most volatile classes of asset, but
historically over long periods of time have
achieved on average the highest returns.

High High

Source: Kolapo et al. (2018) and Beshears et al. (2017).
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group, is true about the individual, leading to ‘ecological fallacy’– the conclusion that what is true for
the group must be true for the sub-group or the individuals (Abhishek et al., 2015). Aggregation bias is
therefore the difference in results emanating from lumping the data as compared to their disaggregated
components. The aggregation bias hypothesis argues that macroeconomic, political and technological
changes affect investment returns over time, and for that matter there is the need to segregate long-
run investment periods in order to provide fair, valid and reliable analysis of investment returns.
Greenwood and Luloff (1979) noted aggregation bias can have an uneven impact on a regression equa-
tion’s overall fitness and can affect how the conventional t-test is applied to aggregated coefficients.
The authors report coefficients with varying signs and magnitudes, with the sign varying staying statis-
tically significant. Foroni and Marcellino (2014) and Brockmeier and Bektasoglu (2014) report various
forms of aggregation bias in separate studies.

Rising prices are inevitable especially in developing and emerging economics. Generally, inflation
reduces the real income and value of an investment (Mohamed & Ahmed, 2018). In theory, fixed income
earners such as salary workers, interest bearing asset owners such as fixed deposits and T’bill holders
suffer most (Kolapo et al., 2018) while equity investors such as shareholders and owners of businesses
appear to prosper. Thus, stocks perform well in a period of rising prices as the effect of inflation is
absorbed as revenue and earnings increases almost at the same magnitude with the rate of inflation (El
Abed & Zardoub, 2019; Macharia, 2018). For this reason, stocks are regarded as effective hedge against
both unexpected and expected inflation as nominal interest rate co-vary with inflation. On the contrary,
empirical studies (Fama & Gibbons, 1981; Katz et al., 2017; Zhang, 2021) have conflicting results. In the
United States of America and other industrialised nations, it is documented that nominal stock return is
negatively impacted by inflation (Fama, 2014; Katz et al., 2017; Zhang, 2021). According to Zhang (2021),
the negative relationship between stock and inflation are as result of inverse relationship between real
activity and inflation.

A number of studies attempted to compare the risk and returns of investment instruments such as
stocks, treasury bill and mutual funds to find out which of the instruments performed better against the
other using various methodologies. Notable among these researches are Gyimah et al. (2021), Di Maggio
et al. (2020), Bessembinder (2018), Antwi et al. (2012) and Aboagye et al. (2008). Other studies (Coffie,
2019; El Abed & Zardoub, 2019; Gupta & Sinha, 2016; Mohamed & Ahmed, 2018; Ndubuaku et al., 2017;
Panigrahi et al., 2020) have examined the extent to which macroeconomic factors influence investment
returns and have found a significant relationship between macroeconomic variables and investment
returns.

Comparing the performance of treasury and stocks using time series data covering a period of eleven
(11) years (1991–2001), Aboagye et al. (2008) found that investors in stock over the period realised an
average return of 54% annually while treasury bill investors retained an average of 36.3%. Investors in
stock retained a positive risk premium of 18%, meaning investors have been rewarded for bearing risk.
Their finding again revealed that average returns of both stocks and treasury bill were over and above
the average rate of inflation. In similar study Antwi et al. (2012) using annual return covering a period of
21 years (1990–2010) confirm the general expectation of relationship between risk and returns con-
nected with investment–the higher the risk, the higher the return. The findings further indicate that
means returns of both stocks and treasury bills are over and above the general increase in price levels
(inflation) over the period 1990–2010. From the deliberations, we hypothesize that;

H1: Investments in shares (stocks) have higher returns compared with T’bills

H2: Risk and return characteristics differ among segregated periods.

Methodology

Study design and data

Data used for the empirical analysis comprises stocks returns, T’bill returns, and inflation. prices and
returns of stocks on the GSE are reported daily for all working days within the 365 days. The 91-days T’bill
used are produced quarterly or four (4) times within the year. The study made use of annualised returns
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of the two instruments. Hence, data on stock returns, T’bill returns, and inflation from 1990 to 2020 com-
prising 31 years was obtained from the WDI, the Bank of Ghana website, and the World Bank. The 31-year
period was segregated into three investment holding periods (decades): 1990–2000 and 2001–2010, and
2011–2020 and also for the aggregated period. Additionally, eight (8) years investment holding period
was also considered based on the number of years the two main political parties (PartyA & PartyB) in
Ghana have been in power (i.e. 1992–2000PA, 2001–2008PB, 2009–2016PA, and 2017–2020PB) under the
fourth republic. We recognise that there are macroeconomic and political factors specific to the various
time periods from 1990 to 2020 that may influence investment returns. For instance, the 1990s was a
period of military regime until 1993 when democracy was restored. The year 2000 marks the beginning of
the new millennium with all its expectations and also an end to the first regime of the Party A and transi-
tion into another regime which is the first regime of the Party B under the fourth republic of Ghana. The
first Party B regime ended in 2008, ushering in the second Part A regime, also ending in 2016 and then
the second Party B regime from 2017 to 2020. Kempf et al. (2023) opine that ideological alignment is an
important, yet an omitted factor in models of (international) capital flows, and that ideological align-
ment on both social and economic issues affects foreign government cross-border capital allocations
by (U.S.) institutional investors. Political parties are inspired by ideologies (Bonaparte et al., 2017), and
their inclination toward these individual ideologies – be it capitalist or socialist – influence their poli-
cies and governance (Mian et al., 2023) which impacts investment and returns (Kempf & Tsoutsoura,
2021). Bonaparte et al. (2017) in their study documented that investor’s optimism toward macroecon-
omy conditions and financial markets is influenced dynamically not only by present political climate
or ideologies but also by their political affiliation. Holding all other variables constant, investors gen-
erally perceive markets to be less risky and more optimistic when their favoured political party is in
power (Kempf et al., 2023). Mian et al. (2023) and Kempf and Tsoutsoura (2021) observed that invest-
ors’ alignment with the ideologies of a political party in power significantly determines their percep-
tion of macroeconomic conditions and their allocation of domestic capital.

Macroeconomic environment and cycles impact investment returns. With the discovery of oil in com-
mercial quantities in Ghana, the country had its highest gross domestic product (GDP) growth rate of
14.05% in 2011, and an average GDP of 6.65% (i.e. excluding the GDP for 2020 because of the impact of
Covid’19) for the 2011–2020 decade compared with an average GDP growth rate of 5.78 and 4.27% for
that of 2001–2010 and 1990–2000 decades, respectively. Changing macroeconomic environments and
uncertainties associated with electoral outcomes and change in government have the potential of alter-
ing the characteristics of the data obtained, thereby introducing disturbances in the aggregated dada
(Bogoev & Sergi, 2012; Creswell, 2014). In order to avoid selection bias, we conducted an ANOVA ana-
lysis for the three separate decades (1990–2000; 2001–2010; and 2011–2020) as well as for different
regimes under NDC and NPP (i.e. 1990–2000; 2001–2008; 2009–2016; and 2017–2020) to determine if
significant differences exist between the mean returns of the two instruments (stocks and T’Bills). We
observed that while no significance difference was observed between the mean returns of stocks for all
the two splitting criteria or holding periods (i.e. (1) the three decades and (2) the four different political
regimes – i.e. NDC1, NPP1, NDC2, & NPP2) considered in segregating the 31-year period, significant dif-
ference was noted between the mean returns of T’Bills (Ref. Table 4; Appendix Table A11). Base on the
above result we decided to use the three (3) decades segregated periods as the three main holding
periods for the purpose of identifying possible aggregation bias.

We analyse risk and returns characteristics separately for the segregated periods and comparison was
made among the three segregated periods and between the segregated periods and aggregated peri-
ods. The capital market instrument as represented by the GSE All-Share Index and the Composite Index
and T’Bill are the two investment variables considered in the comparative analysis. The GSE-CI and the
GSE All-Share Index were chosen because it does not only cover all listed stocks but also it tracks the
performance of the capital market since its beginning.

Test for normality

Skewness, kurtosis and Jarque-Bera tests are essential measures of normality of a distribution and are
important predictors of investment performance (Lee et al., 1990; Low et al., 2016; Pesaran et al., 1989;
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Pesaran & Pesaran, 2010; Rajesh, 2019). Skewness measures asymmetry or the distortion of symmetrical
distribution in set of data (Low et al., 2016; Rajesh, 2019). Stock market returns most often demonstrates
positive skewness (Di Maggio et al., 2020; Gupta & Sinha, 2016; Kamal (2018). Hence, one can expect the
distribution of stock market returns over the 31-year period to be right skewed. Kurtosis measures the
tailedness of a distribution or the frequency or the probability of extreme low or high values (outliers)
relative to the mean (Pesaran & Pesaran, 2010). It is also essential in measuring the inherent risk of an
asset (Gupta, 1971). The Jarque-Bera test is a goodness-of-fit test that measures if sample data has skew-
ness and kurtosis similar to a normal distribution (Charteris & Winchester, 2010; Gusni et al., 2018). The
Jarque-Bera test statistic is always positive. A sample is said not to be normally distributed if the Jarque-
Bera is farther from zero (Pesaran & Pesaran, 2010).

Model specification for risk and returns characteristics of stock and T’bill

The model adopted follows Mohamed and Ahmed (2018) and Antwi et al. (2012). In this model, two
investors are considered: investor ‘A’ and investor ‘B’. Investor ‘A’ started the year 1990 by investing an
amount (e.g. GHS1000.00) of money in a 91-day Treasury bill. Investor ‘B’ started the same year by pur-
chasing one share each of the listed companies on the GSE with the same amount of money. Proceeds
from the two investments are reinvested into their respective instruments over the various time frame
(Aboagye et al., 2008; Antwi et al., 2012).

Testing for aggregation bias

One simple way to test the aggregation bias hypothesis in the view of Pesaran and Pesaran (2010) is to
test whether or not:

HO : b1 ¼ b2 ¼ b3 ¼ b4 ¼ ::::::::::bi (1)

where b1¼the mean risk and return characteristics, correlation coefficient, and maximum drawdowns for
the aggregated period (1990–2020)

b2¼the mean risk and return characteristics, correlation coefficient, and maximum drawdowns for the
first disaggregated period (1990–2000)

b3¼the mean risk and return characteristics, correlation coefficient, and maximum drawdowns for the
second disaggregated period (2001–2010)

b4¼the mean risk and return characteristics, correlation coefficient, and maximum drawdowns for the
third disaggregated period (2011–2020)

In the absence of aggregations bias, b must be equal for each individual unit. This indicates homoge-
neous behaviour among the units of which the aggregated data is composed. If the opposite holds,
then the units have heterogeneous behaviour (Pesaran & Pesaran, 2010), and for that matter, there is an
aggregation bias.

Determination of aggregation bias in respect to present the study seeks to assess if the risk-return
trade-off theory as confirmed by the results of earlier studies that used aggregated data is true for those
of the segregated data. Thus, aggregation bias hypothesis in the view of Pesaran and Pesaran (2010) is
to test whether or not the mean returns (R) and risk and return (RR) characteristics of the two instru-
ments differ significantly among the segregated periods. In testing for aggregation bias, the study inves-
tigates whether or not risk and return characteristics of the aggregated and segregated periods are the
same as shown in the equation:

bRRa ¼ bRRs1 ¼ bRRs2 ¼ bRRs3 ¼ ::::::::::bRRsi (2)

Where bRRa is the risk and return characteristics of the aggregated period while bRRs is the risk and
return characteristics of the segregated periods.

Bogoev and Sergi (2012) investigated aggregation bias in regard to interest rate pass-through in the
Republic of Macedonia and found the presence of aggregation bias, implying that the empirical studies
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based on aggregated data may provide biased results when compared with studies that used segre-
gated data. Disaggregating the data takes into consideration changes in macroeconomic condition over
the long-run and may provide more useful insight for policy decisions. This model was adopted in the
present study in assessing the short-and long-term risk and return characteristics of stocks and treasury
bills.

Correlation analysis

The result of correlation analysis is a remarkable ‘revealer’ of an aggregation bias by virtue differences
that may be observed in the slope and magnitude of different individual datasets drawn from the aggre-
gated data (Pesaran & Pesaran, 2010; Rajesh, 2019; Wade et al., 2019). In view of this, correlation analysis
is carried out for the three individual segregated periods or decades (i.e. 1990–2000, 2001–2010 and
2011–2020) to ascertain possible differences slope and magnitude among the three individual datasets.
This is helpful in establishing whether or not HO : b1 ¼ b2 ¼ b3 ¼ b4 ¼ ::::::::::bi (Pesaran & Pesaran,
2010). This is mathematically represented as:

bSCa ¼ bSCs1 ¼ bSCs2 ¼ bSCs3 ¼ ::::::::::bSCsi (3)

Where pSCa is the slope of the correlation of the aggregated period while pSCs is the slope of the
correlation of the segregated period.

Maximum drawdowns

As indicated earlier, maximum drawdowns (MDD) measure is a measure of stand-alone risk that provides
salient information to investors regarding investment volatility. In order to measure aggregation bias
and to determine whether or not MDD for the aggregated period is similar to the segregated periods,
we have:

bMDDa ¼ bMDDs1 ¼ bMDDs2 ¼ bMDDs3 ¼ :::bMDDi (4)

Where bMDDa is the Maximum drawdown of the aggregated period, and bMDDs is the maximum
drawdown of the segregated period.

ANOVA analysis

The study aimed to determine whether or not aggregation bias exist in lumping the years together
(1990 to 2020). In view of this, analysis of variance (ANOVA) for the three segregated periods (1990–
2000, 2001–2010 and 2011–2020) is carried out to ascertain the significance difference among the
means of the three segregated periods using E-views.

Mathematical models

Standard deviation, coefficient of variation and beta are the most popular measures of investment risk.
Standard deviation measures total risk while Beta measures the systematic risk of an investment asset,
by contrasting the return of the individual portfolio with that of the market (Macharia, 2018). Since the
present study measure the entire market risk of stocks listed on the GSE, we use the standard deviation
as proxy to measure total risk. The co-efficient of variation measures the risk per unit of returns (i.e. risk
borne by investors relative to the returns) and is useful in comparing the risk-adjusted performance of
two assets. For the measurement of returns, we use the arithmetic mean. For the purpose of comparison
among the two instruments, the historical annual returns on stocks and T’bills were subjected to the fol-
lowing statistical measures: nominal and real mean returns, the risk premium, the coefficient of variation,
standard deviations, the Sharpe ratio and maximum drawdowns (MDD). All figures are at the end of
period calculations. The mathematical model for risk and returns are shown in Table 2.
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Results

This section presents the result on data analysis covering descriptive statistics, skewness, kurtosis,
Jarque-Bera test, ANOVA, correlation, risk and return characteristics of stocks and T’bill returns for the
segregated periods: 1990–2000, 2001–2010, 2011–2020, and 2001–2020 and the aggregated period
1990–2020 for the purpose of ascertaining aggregation bias in stocks and T’bill returns.

Trends in T’bill and stock returns

The pictorial view of the data is presented in Figure 1, which projects the trends in stocks and T’bill
returns from 1990 to 2020. The trends in stocks returns shows higher level of fluctuations depicting vola-
tility in stock exchange returns compared with the trends in treasury bill returns (Figure 1).

Descriptive statistics

Analysis of descriptive statistics was carried out with particular emphasis on skewness, Kurtosis, Jarque-
Bera test, and their respective probabilities.

Stock returns ranged from a minimum of −46.58 to a maximum of 154.67. The mean stock returns
over the aggregated period was 23.6682 and the standard deviation was 50.559. Skewness and kurtosis
statistics is 1.0451 (Table 3), indicating a high and right skewed distribution. This confirms the general
expectation regarding the distribution stock market returns (Low et al., 2016; Pesaran & Pesaran, 2010;
Rajesh, 2019). It is observed that stock returns have a kurtosis of 3.2494 (Table 3), which relates to an
excess kurtosis of 0.2494 (i.e. 3.2494–3). This means that the distribution is far from a normal distribu-
tion. Additionally, kurtosis greater than 3 implies a fatter tailed distribution. This means there is high
probability or frequency of extreme low or high data values. Thus, the positive skewness and high

Figure 1. The relative movement and fluctuations in stock and T-bills returns.

Table 2. Variable measurement.
No Models Mathematical model Definition

1 Arithmetic mean AM ¼ R ARR
n R ARR¼ total of annual rates of returns, n¼ number of years

2 Real rate of return RRR¼NR− INFL RRR¼ real rate of return, NR¼Norminal Returns

3 Standard deviation h ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP ðRi−RÞ2

N

q
h 5 Standard deviation, Ri − Rð Þ ¼ d2 (variance), Ri ¼ Annual Rate

of Return during the period, R¼ mean
4 Coefficient of variation d¼ h

R , R ¼ the average return, h ¼ standarddeviation
5 Risk premium (RP) RP¼ P

Ri − Rf Ri ¼ annual returns, Rf ¼ annual risk free rate ðtreasury bill rateÞ:
6 Maximum drawdowns MDD ¼ Trough value−Peak value

Peak value � 100

7 Sharpe ratio SR ¼ Risk premium
Standard deviation

8 Treasury bill 182-Day treasury bill
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kurtosis statistics implies the likelihood of extreme high or low values of stock returns distributed at the
right (Pesaran & Pesaran, 2010). The distribution of extreme low or high values at the right implies stock
investors can expect positive returns in the long-run. The t-statistics of the Jarque-Bera test is 5.169 with
a p-value of 0.0754 (Table 3). We therefore reject the null hypothesis and conclude that stock market
returns on GSE is not normally distributed.

Inflation has a mean of 2.8275 and a range of 1.582 minimum and a maximum of 4.08533. The stand-
ard deviation computed is 0.6236. The observed skewness indicates a low and positive skewness of
0.2020, implying that the distribution of data in respect to inflation is skewed to the right. The kurtosis
value is 2.3433, implying an excess kurtosis of −0.6587, signalling platykurtic. In other words, rate of
inflation has lighter tail. This means that low frequency of extreme rate of inflation distributed on the
left. The Jarque-Bera test shows a t-statistics of 0.6934 and a p-value of 0.7069 (Table 3). In view of this,
we refuse to reject the null hypothesis. Hence, we conclude that rate of inflation follows a normal
distribution.

Mean T’bills returns is 3.114, and ranges from a minimum of 2.297 and a maximum of 3.7558. The
standard deviation observed is 0.4191. The skewness statistics shows a negative skewness of −0.2755,
implying a left skewed distribution. The observed kurtosis is 2.0955, implying an excess kurtosis of
−1.9045 (i.e.2.0955-3) a light tail distribution. The t-statistics of the Jarque-Bera test is 1.3066, with a p-
value of 0.52033 (Table 3). Since the p-value is greater than 0.1 significant level, we refuse to reject the
null hypothesis and therefore conclude that the distribution of T’bill returns is normal.

ANOVA analysis to determine possible aggregation bias

Differences in means provide evidence of aggregation bias. The ANOVA was carried out to examine sig-
nificant differences in the mean returns of the two instruments for three segregated periods. The
ANOVA analysis is shown Table 4.

The ANOVA analysis as shown in Table 4 indicates a p-value of 0.000 for the mean treasury bill
returns for the three segregated periods. The null hypothesis state that there is no significant difference
among the means of treasury bill returns (i.e. there is no aggregation bias) for the three segregated peri-
ods. Using the 0.01 significant level, it is stated that the null hypothesis should be rejected if the p-value
is less than or equal to 0.01. Therefore, since p-value is less than 0.01, we reject the null hypothesis. This
means that there is a significant difference among the means treasury bill returns for the three segre-
gated periods. This is confirmed by a higher F-statistics of 12.812. Thus, the mean return for 1990–2000,
2001–2010, and 2011-2020 differ significantly. This implies that there is an aggregation bias in lumping
the years together with respect to treasury bill returns.

The ANOVA analysis for stock returns indicates a p-value of 0.482. We therefore refuse to accept the
null hypothesis at 0.01 significant level. This means that there are no significant differences in the mean
stock returns among the three segregated periods. This implies that there has not been a significant
change in stock market performance (returns) since its inception in 1990. In other words, there is no

Table 4. Results of ANOVA analysis.
Sum of squares Df Mean square F-stat Sig

T. Bill Returns Between groups 1367.5 2 683.7 12.812 .000
Within groups 1494.3 28 53.4
Total 2861.7 30

GSE Returns Between groups 3572.1 2 1786.0 0.750 0.482
Within groups 66686.5 28 2381.6
Total 70258.7 30

Table 3. Descriptive statistics.
Mean Max Min Std. dev Skewness Kurtosis Jarque-Bera Probability

Stocks 23.668 154.670 −46.58 50.559 1.0451 3.2494 5.1697 0.0754
INFL 2.8275 4.08533 1.582 0.6236 0.2020 2.3433 0.6934 0.7069
T.Bill 3.1134 3.75583 2.297 0.4191 −0.2755 2.0965 1.3066 0.5203
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aggregation bias in lumping the years together when assessing the risk and return characteristics of
stock investments in respect to the Ghana Stock Exchange.

Correlation analysis

In order to assess the occurrence of aggregation bias in lumping the investment years together, correl-
ation analysis is carried out for the three separate periods or decades (1990–2000; 2001–2010; and
2011–2020) as well as the aggregated period (1990–2020).

From Table 5, the first, second, and third decades (1990–2000; 2001–2010; and 2011–2020) of stock
investment, the relationship between stock returns and T’bill returns in Ghana was positive, though not
significant as shown by correlation coefficient of 0.103, 0.108, and 0.103 respectively for the 1990–2000,
2001–2010, and 2011–2020 investment periods (0.05 significant level). Similarly, for the aggregated
period, the correlation between stocks and T’bill returns was positive but insignificant as indicated by
correlation coefficient of 0.148. This observation differs from theoretically expected inverse relationship
between stock and money market returns. Bessembinder et al. (2019) and Chopra (2019) indicated that
risk in money stock and money markets co-varies. Bricker et al. (2019) and Bessembinder (2020) argued
that although the unconditional correlation between T’bills and stocks are low, there exist a strong vola-
tility between the two markets, a condition that is impacted by risk and return interaction that exist
between two markets via trading activities. (Bessembinder, 2020; Jayech, 2016; Kamal, 2018), arguing for
example, that unfavourable information in respect to stock market may result in ‘flight to quality’ as
investors replace safer instruments for risky instruments (Jayech, 2016). And that the resulting outflow
from stocks into Treasury bills may cause price pressures which may affect T’bill and stock returns
(Abhishek et al., 2015; Menyah et al., 2014), and vice versa. Additionally, increase in T’bill rates is
expected to affect capital flow into the stock market (Gupta, 1971; Kamal, 2018) and businesses as invest
seek to maximise their return by investing in T’bill. However, due to lack of liquidity (Coffie, 2019;
Menyah et al., 2014; Rajesh, 2019), investors are unable to react promptly to stock market information.
Again, different investors invest in the two markets. It has been noted that while most Ghanaian prefer
to invest in T’bills, majority of investors in the Ghana stock market are foreigners (Qureshi et al., 2019)
who most often are unable to switch investment for lack of liquidity.

In respect to stock returns and inflation, the relationship between stock returns and rate of inflation
was negative for two of the decades (1990–2000 and 2011–2020) as shown by correlation coefficient of
−0.096 and −0.031, respectively. Similarly, studies by Zhang (2021); Katz et al. (2017) and Fama (2014)
have observed that nominal stock returns are negatively correlated with rate of inflation in the United
States of America and other industrialized economies. Zhang (2021) and Rajesh (2019) indicated that the
inverse relationship between stock returns and rate of inflation is due to negative relationship between
rate of inflation and real activity, particularly when the general rise in price levels is caused by increasing
cost of inputs such as increase in fuel prices, prices of raw material, etc. as well a fall in the purchasing
power of households.

The 2001–2010 investment period shows a positive relationship between stock returns and rate of
inflation as indicated by correlation coefficient of 0.193. This observation confirms theoretical expecta-
tions that stock performs better in the period of rising prices since revenue earnings rises with the rate
of increase in inflation (El Abed & Zardoub, 2019). In theory, rising prices result in increase in real earn-
ings due to the proposition of lead-lag (i.e. the assumption that, increase in the cost of production is
less than the increase in the final price of finish products). Similarly, studies by Boamah (2019) and
Ndlovu et al. (2018) have indicated a positive relationship between stocks and rate of inflation. For
aggregated period (1990–2020), the relationship between stocks and rate of inflation was positive as

Table 5. Correlation matrix.
Periods Decades Stock/T’Bill Stock/Inflation T’Bill/Inflation

First decade 1990–2000 0.103 −0.096 0.605�
Second decade 2001–2010 0.108 0.193 0.850��
Third decade 2011–2020 0.103 −0.031 0.835��
Aggregated period 1990–2020 0.148 0.087 0.756��
�Correlation is significant at the 0.05 level (2-tailed); ��correlation is significant at the 0.01 level (2-tailed).
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indicated by correlation coefficient of 0.087. Similarly, using an aggregated period of 21 years, Antwi
et al. (2012) observed a positive relationship between stock returns and rate of inflation and argued that
stocks are a better hedge against inflation especially when they are maintained over the long-run. The
observed differences in the signs of the correlation coefficients of stock returns and rate of inflation pro-
vides evidence of aggregation bias.

A significant strong positive relationship was found between T’bill and rate of inflation for all the
three decades as shown by a correlation coefficient of 0.605, 0.850, and 0.835, respectively for the 1990–
2000, 2001–2010, and 2011–2020 segregated periods. Correlation fort the 1990–2020 aggregated period
was 0.756, which is a strong positive relationship. Policy rate is key determinant of the T’bill rate, and
since the bases of setting policy rate in Ghana is the rate of inflation, T’bill rate are expected to be
co-move with the rate of inflation.

Analysis of risk and return characteristics for the aggregated period (1990–2020)

Risk and return characteristics of treasury bill and stocks are analysed and compared in respect to their
nominal and real returns, the cumulative real value of investment (here after CRVI), standard deviation,
and coefficient of variation for the aggregated period 1990–2020 are detailed in Table 6.

Table 6 shows that stocks and T’bills have a positive nominal return over the period. Stocks gave a
slightly higher mean returns of 25.35% compared with that of T’bill (23.31%) over the 31-year period
(1990–2020). This means that for the aggregated period, stocks have outperformed T’bills. This observa-
tion confirms the findings of earlier studies by Antwi et al. (2012) and Aboagye et al. (2008) who also
used aggregated years of 21 and 14 years, respectively.

The positive real rate of returns for the two instruments (Table 6) implies that T’bill and stocks have
performed above the general rise in price levels. However, stocks have outperformed T. bill as shown by
the real rate return of 6.4%% for stocks as compared with 4.40% for T. bill per annum. Thus, for the
aggregated long-run period of 31 years, stocks have been observed as better hedge against inflation.
This confirms earlier argument by Boamah (2019) and Nasser et al. (2018) that high rate of real returns
of stock serves as hedge against inflation compared with T’bill. According to Nasser et al. (2018), an
increase in inflation may lead to increase in real earnings of firms due to the proposition of lead-lag
effect– i.e. cost increments are most often less than the increase in the final price of finish products dur-
ing time of inflation which results in high profits (Mohamed & Ahmed, 2018). This observation indicates
that in a period of rising prices, investment in stock could yield higher returns in the long-run.

In terms of real value of investment, Investor ‘A’ (treasury bill investor) tend to have a higher cumula-
tive real value of investment of GHS3457.72 at the end of the 31-year period compared with investor ‘B’
(Stock investor) who obtained a cumulative real investment value of GHS253.64. It was argued in the
study of Antwi et al. (2012), which covered 21 years period that 21 years is not enough for investors to
make abnormal return. Assuming Antwi et al. (2012) argument is true, the 31 year period covered by
investors in stock should be enough to make returns that provide adequate compensation to investors
in real terms.

In respect to risk, the GSE Index (SD ¼ 48.39%) has turned out to be highly risky security compared
with T’bill (SD ¼ 9.77%). Comparing the risk and returns of the two instruments, it can be seen that the
GSE index has a higher risk and higher return compared to T’bills. This observation is in sync with the
general expectation of finance theory associated with risk and returns of an investment, that the higher
the risk, the higher the returns.

One cannot be sure if the risk borne by a particular security is worth it or not. The Coefficient of
Variation measures the relative risks of the two investments and indicates the extent to which the two

Table 6. Risk and return characteristics of treasury bill and stocks for the aggregated period (1990–2020).

Year
Nominal return

%
Real returns

% CRVI (GHS) Standard deviation Coefficient of variation

Treasury bill 23.31 4.40 3457.72 9.77 0.42
GSE all-share index 25.32 6.40 253.64 48.39 1.91
Sharpe ratio 0.04 Risk premium ¼ 2.00
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investors have been compensated for the level of risk they bear by making adjustments. This adjustment
is made by expressing the mean rate of return as a ratio of the SD. Therefore, the coefficient of variance
shows the level of risk borne by the investor in realizing each unit of returns. The 91-Day T. bill shows a
lower covariance of 0.42 while the GSE index had high covariance of 1.91. This means that for each unit
of return obtained, T’bill bear relatively lower risk of 0.42% compared to stocks (1.91%). Hence, investors
in T’bill were compensated more adequately for bearing risk compared with investors in stocks. Thus,
though stock had higher returns compared with T’bill, that high return obtained does not match the
level of risk borne.

Analysis of risk and return characteristics for the 1990–2000 segregated period

Risk and return characteristics of treasury bill and stocks are analysed separately for the first decade
(1990–2000 segregated periods; see Table 7).

From Table 7, T’bill had a nominal mean returns of 32.14%, while stocks had a mean return of
29.97% over the 11-year period. The results show that in nominal terms, both stocks and treasury bill
gave a positive return during the period. However, GSE index posted a lesser mean return compared
with stocks return over 11 the year period. Over the same period, stock had a negative real rate of
return of (2.59%) while T’bill had a mean real rate of return of 4.75% over the same period. This means
that, average T’bill returns are over and above the annual rate of inflation. Stock returns are however
below the annual rate of inflation for the 1990–2000 period. This implies that for the 1990 to 2000 seg-
regated period, stock returns were not a better hedge against inflation as was observed for the aggre-
gated period (1990–2020). This observation again contradicts earlier findings by Boamah (2019), Antwi
et al. (2012), Aboagye et al. (2008). Thus, for the first decade (1990–2000), T’bill was a better hedge
against inflation for the 1990–2000 segregated period. Consequently, the cumulative real value of invest-
ment for stocks dropped from GHS1000 initial money invested in 1990 to GHS239.90 in 2000. This
means a loss of GHS760.10 (−76.01%) in the real terms. On the other hand, T’bill had a real investment
value of GHS1,536.67 (Ref. Appendix Table A2). This means that T’bill had a real return of GHS536.67
(GHS1,536.67. – GHS1,000.00) over the 11 year period, representing a proportional increase of 53.67%
(4.87% annually) in real value of investment. It can be noted that 1990 to 2000 period was the initial
stages of commencement of stock market in Ghana and this may have impacted its performance.

Stocks (SD ¼ 51.79%) turned out to be by far riskier instruments compared with T’bill (SD ¼ 6.84%).
It is noted earlier that, the T’bill recorded higher returns both in nominal and real terms but had lower
risk compared with stocks. This observation is at variance with the general expectations of finance the-
ory that positively correlates high risk with high return; the higher the risk, the higher the return, and
vice versa. Thus, risk and return characteristics of stocks and T’bill for the 1990–2000 period violates the
theory risk-return trade-off theory (Chopra, 2019; El Abed & Zardoub, 2019). Thus, the higher risk borne
by investors in stocks were not compensated by higher returns.

The coefficient of variation helps to standardize the risk and returns of the various instruments by
measuring the relative risk borne by the investors in respect to the level of returns obtained. It measures
the per unit risk of each unit of returns realized. In respect to the coefficient of variation, the 91–Day
Treasury bill realized relatively lower CoV of 0.21 while the GSE Index reveals a very high CoV of 1.73.
This means that for each unit of return obtained, investors in treasury bill borne a smaller unit 0.21% of
risk, while investors in stock borne 1.73% unit of risk in order to gain a unit of return. Investors in T’bills
were better rewarded bearing risk compared with stocks investors during the first decade (i.e. 1990–
2000 segregated period) of its commencement.

Table 7. Analysis of risk and returns characteristics of T’Bill and GSE returns for the 1990–2000 segregated period.

Year
Nominal return

%
Real returns

% CRVI (GHS) Standard deviation Coefficient of variation

Treasury bill 32.14 4.75 1536.67 6.84 0.21
Stocks 29.97 −2.59 239.90 51.79 1.73
Sharpe ratio −0.042 0.39 Risk premium¼−2.16
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Analysis of risk and return characteristics for the 2001–2010 segregated period

The annual returns realised by stocks and treasury bill investors for the second decade after commencement
of the GSE (i.e. 2001–2010 segregated period) are analysed by making comparison between the instrument’s
risk and return characteristics as indicated by the nominal returns, real returns, cumulative real value of
investment (CRVI), standard deviation and co-efficient of variation of the instruments as shown in Table 8.

The result indicates that both GSE returns and treasury bills obtained a positive nominal return for
the 2001–2010 segregated period. However, the return of stocks was higher compared T’bill. While stock
gave an average return of 35.41%, treasury bill gave a mean return of 19.84% over the same period. In
real terms, the stocks (15.57%) outperformed T’bills (2.81%) Thus, returns on both stocks and Treasury
bill are over and above the rate of inflation for 2001–2010 investment period. Compared with
1990–2000 investment period, stock recorded a higher real rate of return compared with treasury bill.
The high mean real return rate realised by stocks during the period 2001–2010 indicates that stocks are
a better hedge against inflation (Antwi et al., 2012; Chopra, 2019; Zhang, 2021) than T’bill during the
second decades. This means in real value terms stock outperformed treasury bill over the same period.
Contrary to the first decade where stocks had a negative real return, stock returns during the second
decade (2001–2010 period) was impressive. Comparing the risks, stocks have higher risk as compared to
T’bills. The risk and return characteristics of the 2001–2010 investment period confirms the general
observation of the finance theory; the higher the risk, the higher the return.

The Coefficient of Variation, the 91–Day T’bill is lower (0.48) compared with stock (1.64). Thus, for each
unit of return, 0.48 unit of risk was borne by T’bill investors, while for every unit of return realized by
investors in stocks, 1.64 units of risk was borne by them. This indicates that Investor ‘A’ (i.e. treasury bill
investors) was compensated more adequately for bearing risk compared with investor ‘B’ who invested in
stocks over the same period (2001–2010). Therefore, though investors in stocks obtain higher returns com-
pared with T’bill investors, investors in treasury bill have better risk-adjusted returns for their investment.

Analysis of risk and return characteristics for the third decade (2011–2020 segregated period)

Table 9 shows that the mean nominal annual rate of returns for stocks and treasury bill for the period
2011–2020 indicate positive returns over the 10 year period.

T’bills (17.08%), compared to stocks (10.10%) has higher returns. The result further indicates that in
reals terms, treasury bill has outperformed stock as it recorded a real rate of 5.59% compared with
1.39% obtained by stocks. The analysis of real money value of the two investments shows that while the
real value of the GHS1000 invested in treasury bill gave real investment value of GHS1,716.06 for T’bill,
the real value of the same amount invested in stocks at the end of 2020 was GHS561.33. This means
that while T’bill gave a positive cumulative real value of investment of GHS1,716.06 over the 10-year
period, stock yielded a negative cumulative real value of investment (GHS561.33-1000). In other words,
there was a loss in real value of GHS1000 invested by GHS438.67. Thus, for the 2010–2020 investment
period, stock have not been a better hedge against inflation (Aboagye et al., 2008; Bessembinder, 2018).

Analysis of risk shows that the GSE Index, i.e. stocks (SD ¼ 32.30%) turned to be by far riskier instru-
ments compared with T’bills (SD ¼ 4.64%). The comparative return analysis shows that T’bill has higher

Table 8. Risk and return characteristics of T’bill and stocks for second decade (2001–2010).

Periods
Nominal return

%
Real returns

% CRVI (GHS) Standard deviation Coefficient of variation

Treasury bill 19.84 2.81 1,311.22 9.52 0.48
Stocks 35.41 15.57 1,545.70 58.20 1.64
Sharpe index 0.27 Market risk premium ¼ 15.57

Table 9. Risk and return characteristics of T’bill and stock for 2011–2020 segregated period.

Year
Nominal return

%
Real returns

% CRVI (GHS) Standard deviation Coefficient of variation

Treasury bill 17.08 5.59 1,716.06 4.64 0.27
Stocks 10.10 1.39 561.33 32.30 3.20
Sharpe ratio 0.22 Market risk premium ¼ 6.97
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returns and lower risk as compared with stocks. This observation contradicts the general expectation of
the theory of finance that state that the higher the risk, the higher the return, and vice versa. The coeffi-
cient of variation for the 91-Day T’bill is lower (0.27), while stock has a very high coefficient of variation
of 3.20. Thus, for each unit of return realized, 3.2units of risk was borne by investors in stock while only
0.27 units of risk was borne by investors in T’bill. This means that for the two instruments, investors in
T’bill are being compensated more adequately for bearing risk compared with investors in stock.

Determination of aggregation bias in respect to risk-return trade-off

Aggregation bias has been analysed in respect to the extent to which risk and return characteristics of
the three segregated periods and the aggregated periods confirm or contradict the risk-return trade-off
theory. The result of the analysis is reported in Table 10. The result shows that in exception of 2001–
2010 investment period, T’bills have outperformed stocks in all the segregated period.

The risk and return characteristics of the aggregated period (1990–2020) confirms the risk-return the-
ory as shown by higher returns and higher risk of stocks, similar to the findings of Aboagye et al. (2008)
and Antwi et al. (2012) who lump the years together. However, the risk and return characteristics of the
two segregated periods (i.e. 1990–2000 and 2011–2020) out of the three decades (i.e. segregated peri-
ods) contradict the risk-return trade-off theory contrary to the findings of Aboagye et al. (2008) and
Antwi et al. (2012). Risk and return characteristics of only one of the segregated periods (2001–2010)
confirms the risk-return trade-off theory. In the absence of aggregation bias, we expect
HO : b1 ¼ b2 ¼ b3 ¼ b4 ¼ ::::::::::bi (Pesaran & Pesaran, 2010). Therefore, the result of the aggregation
bias tested indicated that HO : b1 6¼ b2 6¼ b3 6¼ b4 6¼ ::::::::::bi, implying that risk and return characteris-
tics of the segregated and aggregated periods vary. Differences in the risk and return characteristics of
the segregated and aggregated period gives evidence of aggregation bias. Hence, we conclude there is
aggregation bias in risk and return characteristics of stocks and T’bills. This means decision made only
based on the aggregated data could be misleading.

Further analysis: maximum drawdown and likelihood of loss

Maximum drawdown as a measure of fall in the value investment over an investment period is used as our
robustness check. The maximum drawdown as computed for the aggregated investment period as well as
for the three segregated investment period are shown in Table 11. Given the significant effect of inflation
on the cumulative real value of investment in most developing economies, both nominal and real max-
imum drawdowns were computed for both stocks and T’bills. It is observed that stock suffered a maximum
drawdown of 29.53 and 71.08% (in nominal and real terms) real over the aggregated period with a recov-
ery period ranging from 1 to 3 year after the drawdown. Nominal drawdown for the 1990–2000, 2001–
2010, and 2011–2020 are 15.22, 38.21 and 25.30%, respectively. There is are remarkable differences in the
nominal maximum drawdowns between the aggregated period and aggregated period. In real term, stocks
suffered a high maximum drawdown of 68.48, 69.68, and 67.35%, respectively for the 1990–2000, 2001–
2010 and 2011–2020 segregated period, suggesting high level of risk to investors. This indicates that the
high maximum drawdowns suffered by stocks is worsen by inflation. Additionally, there was no remarkable
difference in nominal maximum drawdowns between the aggregated and segregated period.

Table 10. Determination of aggregation bias (risk-return trade-off).
Investment periods Invest. asset Returns Risks CRVI (GHS) Remarks

Aggregated period
1990–2020 T’Bill 23.31 9.77 3,457.0� Higher returns, Higher risk Confirms Theory

Stocks 25.32 48.39 253.64�
Segregated periods
1990–2000 T’Bill 32.14 6.84 1,536.67 Higher returns, Lower risk Contradict Theory

Stocks 29.97 51.79 239.90
2001–2010 T’Bill 19.84 9.52 1,311.22 Higher returns, Higher risk Confirms Theory

Stocks 35.41 58.20 1,545.70
2011–2020 T’Bill 17.08 4.64 1,716.06 Higher returns, Lower risk Contradicts Theory

Stocks 10.10 32.30 561.33
�31 Years period.
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In nominal terms, T’bill suffered no maximum drawdowns for both the aggregated and segregated
period. Maximum drawdowns of 27.82% was however suffer in real terms over the aggregated period.
This implies that in real terms, the maximum fall in value of investment for investors who invested in
T’bill was 27.82% at some point within the aggregated investment period. For the segregated period,
real maximum drawdowns for 1990–2000; 2001–2010; and 2011–2020 segregated investment period
were 27.82, 2.26 and 0, respectively. T’bill reported no nominal maximum drawdowns for all the three
period. According to Riley and Yan (2022), volatility is possible in a fund with non-constant increment in
value, but no maximum drawdown. The differences in maximum drawdowns for the aggregated and
segregated is an indication of aggregation of aggregation.

Hypothesis testing

First hypothesis: Investments in shares (stocks) have higher returns compared with T’bills

To test the hypothesis, we seek to find the significant differences in the mean returns of the two assets
by examining the group statistics and then the independent sample tests are carried out. The results of
the group statistics as shown in Table 12 give the group comparison relating to the mean, standard
error and standard deviation. The mean T’bills returns is 18.92% and the mean stocks returns is 25.32%
over the 31-year period. The standard deviation of T’bills is 11.98% and stocks is 48.39%, corresponding
to a variance of 2.15% for T’bills and 8.69% stocks.

The results of the variance analysis are indicated in Figure 2. We would expect the entire length of
the boxplot to be almost the same for the two groups (i.e. stocks and T’bills) if the variances are equal.
We can hence expect the Independent Samples t Test and observe the Levene’s Test is significant.

The results of the independent sample test as shown in Table 13 comprises two parts: (1) Levene’s Test
for Equality of Variances and (2) t-test for Equality of Means. The p-value for the Levene’s test is 000. For
this reason, we reject the null hypothesis and conclude that variance in T’bills is significantly differ from
that of stock returns. The mean difference is −6.40% (18.9177 minus 25.3181) and a corresponding t value
of −0.715. The negative t value is an indication that the mean returns for first group (T’bill) is significantly
lower compared with the mean of the second group (stocks). Therefore, we conclude that there is a sig-
nificant difference in the mean T’bills and Stocks returns and that stock has outperformed T’bills.

Second hypothesis: Risk and return characteristics differ among segregated periods

To empirically establish the presence of aggregation bias, equality between the means and variances of
the segregated periods (1990–2000, 2001–2010, and 2011–2020) and the aggregated period is tested.
This is shown in Table 14. The differences in means as tested using the Anova F-test and Welch F-test
shows no significance differences in mean return of stocks among the three segregated period as p-val-
ues for both Anova F-test and Welch F-test are greater than 0.05 and for that matter null hypothesis is
reject. On the hand, p-values of Anova F-test and Welch F-test for T’bill returns are less than 0.05, hence
we refuse to reject the null hypothesis. Thus, significant differences exist between T’bill mean returns

Table 11. Maximum drawdowns and likelihood of loss.
Stocks Treasury bills

Year Nominal (%) Real (%) Nominal (%) Real (%)

Aggregated period
1990–2020 29.53 71.08 0 27.82

Segregated period
1990–2000 15.22 68.48 0 27.82
2001–2010 38.21 69.68 0 2.26
2011–2020 25.30 67.35 0 0

Table 12. Group statistics.
Investments N Mean Std. deviation Std. error mean

T’bills 31 18.9177 11.97897 2.15149
Stocks 31 25.3181 48.39377 8.69178
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among the segregated periods. This finding is further supported by an observed differences in skewness
and kurtosis among the segregated periods of T’bill return (See Appendix Tables A12 and A13). We
therefore conclude that while there is aggregation bias in mean returns of T’bills, no aggregation bias is
present with mean returns of stocks in Ghana. Test for equality between variances of stocks and T’bills
shows p-values of Bartlett, Levene, and Brown–Forsythe tests to be greater than 0.05. For this reason,
we reject the null hypothesis and conclude that no significance differences exist in the variances
between stocks and T’bill returns among the segregated periods.

Conclusion

The present study provides interesting insight into aggregation bias. Levene’s Test for Equality of
Variances indicates stocks significantly have outperformed T’bills over the 31-year aggregated period.
However, the performance of T’bill was above stocks for 1990–2000 and 2011–2020 segregated invest-
ment periods. The risk and return characteristics of the 1990–2020 aggregated period confirm the gen-
eral expectation of the finance theory; the higher the risk, the higher the return. The risk-return
characteristics for 1990–2000 and 2011–2020 segregated period contradict the general expectation of
risk and return associated with investment as T’bill had higher return yet lower risk compared with
stocks. The differences in the risk and return characteristics of the segregated periods and the aggre-
gated period provided proves possible aggregation bias in lumping the years together. While aggre-
gated period confirms the finance expectation of risk-return trade-off, two of the segregated period

Figure 2. Group boxplot.

Table 13. Test for equality of means and variances between Stocks and T’bills.
Levene’s test for equality of variances t-Test for equality of means

F p-Value T Df Sig. (2-tailed Mean difference

Equal variances assumed 29.711 .001 −0.715 60 0.478 −6.40
Equal variances not assumed −0.715 33.66 0.480 −6.40

Table 14. Test for equality between means and variances of stocks and treasury bills.

Methods

Stocks Treasury bills

df Value Prob df Value Prob

Between means
Anova F-test (2, 27) 0.749446 0.4822 (2, 27) 11.09465 0.0003
Welch F-test� (2, 16.6427) 0.993060 0.3914 (2, 16.5812) 14.56211 0.0002

Between variances
Bartlett 2 3.061768 0.2163 2 4.238025 0.1202
Levene (2, 27) 1.350740 0.2760 (2, 27) 1.860341 0.1750
Brown–Forsythe (2, 27) 0.986054 0.3861 (2, 27) 0.849807 0.4386
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(1990–2000 and 2011–2020) contradict it. ANOVA analysis, Anova F-test and Welch F-test reveals that
there is a significant difference between the mean T’bill returns for the segregated periods indicating
the presence of aggregation bias only for T’bills and not for stock returns.

The presence of aggregation bias in risk and return characteristics of stock and T’bill returns has a
grave implication for investors and policy decision. The present study shows investment decisions made
using the aggregated period could be misleading. The study demonstrates that risk and return charac-
teristics of stocks and T’bill have not followed same trends when compared with those of the aggre-
gated period. Disaggregation could help solve problems of aggregation bias by bringing to the fore, the
unique characteristics of the individual units or periods within the aggregated dataset. Therefore, invest-
ors need to consider not only investment performance over the aggregated period but also the segre-
gated periods. Additionally, policy makers must give careful consideration to the disaggregated periods
when formulating policy that guide and regulate investment in Ghana. This paper’s main contribution
can be seen in its investigation into the possibility of aggregation bias in the results reported by earlier
research based on aggregated data. For example, prior empirical studies indicate that the risk-return
characteristics of stocks and T’Bills in Ghana confirms the trade-off between risk and return associated
with investing, and that investors are rewarded for taking additional risk. We contend, however, that
these results may have suffered aggregation bias because these studies were carried out using aggre-
gated data. As a result, this could distort investor perception and affect policy strategy and decisions
that should encouraged increased stock market investment and liquidity.

Our results imply that holding all other factors constant, stock investments’ risk and return character-
istics changes over time. Our study’s results indicate that stock investments made in the second decade
(2001–2010) can yield significant returns for investors if they are held for a reasonable amount of time.
This increases investors’ confidence, participation and liquidity result in market efficiency.

When we consider risk alone without return adjustment, maximum drawdowns of stock exchange
traded shares throughout the four separate investment period did not differ significantly (i.e. ranging
from 67.35 to 71.08%), implying none existence of aggregation bias. This is supported by ANOVA results
that shows that unlike T’bill, no significant difference was observed in the mean returns of stocks in
Ghana. Thus, while aggregation bias was observed in respect to the risk of T’bill, stocks suffered no
aggregation bias when risk alone is considered.

Though, earlier studies by Antwi et al. (2012) concluded that investors in stocks were rewarded for bear-
ing risk based on a positive risk premium, our study showed that the level returns obtained was not
enough to compensate for the level of risk borne. Given that investors appreciate investment performance
better based on increase in purchasing power, our study demonstrates that the cumulative real value of
investment for stocks for example over the 31-year aggregated period was GHS 253.64 implying a 74.64%
fall (i.e. of GHS 1000.00 initially invested) in the real value over the 31-year holding period. For the same
period, the cumulative real value of investment for T’bill was GHS 3,457.72 representing 245.77% increase
in the real value. On the other hand, stocks outperform T’bill in terms of real value in the 2001–2010 invest-
ment period (i.e. T’bill realised GHS 1,311.22 while stocks obtained GHS 1,545.70 cumulative real). These dif-
ferences are clues of existence of aggregation bias with regard to risk and return characteristics. The
presence of aggregation bias again implies that all things being equal, investment performance are not
static for all times. There are political and macroeconomic conditions that impact investment performance.
Thus, an investment strategy that was successful in one period may not be successful in another. It also
implies that a policy might be useful in some periods and not in others, and therefore require a review to
reflect existing conditions in order to be effective. Therefore, policy makers should carefully consider rele-
vant or peculiar timelines of interest that responds to particular needs of individual periods.

Aggregation bias as demonstrated by the present study is an indication that there are variables that
have caused a change in risk and return characteristics of stocks and T’bill over the past three decades.
The present study does not cover these variables (factors). Further studies are needed to establish the
determinants of stocks and investment performance in Ghana.

Closely related with the issue of aggregation bias is the question of whether not political party
regime influence investment performance in Ghana as has been alleged among some elite Ghanaians
and political commentators. At present, apart from the effect of political instability on investment per-
formance, preliminary literature search indicates no empirical research on the subject matter. Further
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studies aimed at investigating the impact of a particular political party on investment performance in
Ghana could erase prejudices that may impact investor behaviour, policy and investment decisions.
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Appendix

Table A1. Rate of inflation nominal interest rate, and real rate of returns, real money value of investment, standard
deviation and co-efficient of variation of treasury bills for the period 1990–2020
Year Rates of inflation Treasury bill rates T. bill real returns Real monetary returns

1990 37.26 29.53 −7.73 922.70
1991 18.03 29.23 11.2 1026.04
1992 10.06 19.38 9.32 1121.67
1993 24.96 30.95 5.99 1188.86
1994 24.87 27.72 2.85 1222.74
1995 59.46 35.38 −24.08 928.30
1996 46.56 41.64 −4.92 882.63
1997 27.89 42.77 14.88 1013.97
1998 14.62 34.33 19.71 1213.82
1999 12.41 26.37 13.96 1383.27
2000 25.19 36.28 11.09 1536.67
2001 32.91 40.96 8.05 1660.38
2002 14.82 25.11 10.29 1831.23
2003 26.67 27.25 0.58 1841.85
2004 12.62 16.57 3.95 1914.60
2005 15.12 14.89 −0.23 1910.20
2006 10.92 9.95 −0.97 1891.67
2007 10.73 9.66 −1.07 1871.43
2008 16.52 16.96 0.44 1879.66
2009 19.25 23.76 4.51 1964.44
2010 10.71 13.28 2.57 2014.92
2011 8.73 10.41 1.68 2048.77
2012 7.13 17.79 10.66 2267.17
2013 11.67 20.82 9.15 2474.62
2014 15.49 22.57 7.08 2649.82
2015 17.15 23.61 6.46 2821.00
2016 17.45 20.94 3.49 2919.45
2017 12.37 13.63 1.26 2956.24
2018 7.81 13.1 5.29 3112.62
2019 7.18 14.19 7.01 3330.82
2020 9.89 13.7 3.81 3457.72
Mean returns 23.31 4.40
Standard deviation 9.77 7.88
Coefficient of variation 0.42 1.79

Table A2. Nominal value of treasury bill and stocks at the end of each period.
Year Treasury bill rates End of year return (1000) GSE all-share index End of yr. return (1000)

1990 29.53 1,295.30 −29.75 702.70
1991 29.23 1,673.92 −7.95 646.84
1992 19.38 1,998.32 −3.63 623.36
1993 30.95 2,616.80 113.74 1,332.36
1994 27.72 3,342.18 124.34 2,989.02
1995 35.38 4,524.64 6.33 3,178.22
1996 41.64 6,408.70 13.82 3,617.45
1997 42.77 9,149.70 41.85 5,131.35
1998 34.33 12,290.80 69.69 8,707.39
1999 26.37 15,531.88 −15.22 7,382.13
2000 36.28 21,166.85 16.55 8,603.87
2001 40.96 29,836.79 11.42 9,586.43
2002 25.11 37,328.81 45.96 13,992.35
2003 27.25 47,500.91 154.67 35,634.33
2004 16.57 55,371.81 91.33 68,179.16
2005 14.89 63,616.67 −29.85 47,827.68
2006 9.95 69,946.53 4.97 50,204.72
2007 9.66 76,703.36 31.84 66,189.90
2008 16.96 89,712.26 58.06 104,619.76
2009 23.76 111,027.89 −46.58 55,887.88
2010 13.28 125,772.39 32.25 73,911.71
2011 10.41 138,865.30 −3.1 71,620.45
2012 17.79 163,569.43 23.81 88,673.28
2013 20.82 197,624.59 78.81 158,556.69
2014 22.57 242,228.46 5.4 167,118.76
2015 23.61 299,418.60 −11.77 147,448.88
2016 20.94 362,116.85 −15.33 124,844.97
2017 13.63 411,473.38 52.73 190,675.72
2018 13.1 465,376.39 −0.29 190,122.76
2019 14.19 531,413.30 −12.25 166,832.72
2020 13.7 604,216.93 216.99 138,487.84
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Table A3. Rate of inflation nominal returns, real rate of returns, real money value of investment, risk premiums, stand-
ard deviation, co-efficient of variation of GSE stock (1990–2020).
Year Rates of inflation GSE nominal returns GSE real returns Real money value of inv Risk premium

1990 37.26 −29.75 −67.01 329.90 −59.28�
1991 18.03 −7.95 −25.98 244.19 −37.18�
1992 10.06 −3.63 −13.69 210.76 −23.01�
1993 24.96 113.74 88.78 397.88 82.79
1994 24.87 124.34 99.47 793.64 96.62
1995 59.46 6.33 −53.13 371.98 −29.05�
1996 46.56 13.82 −32.74 250.19 −27.82�
1997 27.89 41.85 13.96 285.12 −0.92�
1998 14.62 69.69 55.07 442.14 35.36
1999 12.41 −15.22 −27.63 319.98 −41.59�
2000 25.19 16.55 −8.64 292.33 −19.73�
2001 32.91 11.42 −21.49 229.51 −29.54�
2002 14.82 45.96 31.14 300.98 20.85
2003 26.67 154.67 128 686.23 127.42
2004 12.62 91.33 78.71 1226.36 74.76
2005 15.12 −29.85 −44.97 674.86 −44.74�
2006 10.92 4.97 −5.95 634.71 −4.98�
2007 10.73 31.84 21.11 768.70 22.18
2008 16.52 58.06 41.54 1088.01 41.1
2009 19.25 −46.58 −65.83 371.77 −70.34�
2010 10.71 32.25 21.54 451.85 18.97
2011 8.73 −3.1 −11.83 398.40 −13.51�
2012 7.13 23.81 16.68 464.85 6.02
2013 11.67 78.81 67.14 776.96 57.99
2014 15.49 5.4 −10.09 698.56 −17.17�
2015 17.15 −11.77 −28.92 496.54 −35.38�
2016 17.45 −15.33 −32.78 333.77 −36.27�
2017 12.37 52.73 40.36 468.48 39.1
2018 7.81 −0.29 −8.1 430.54 −13.39�
2019 7.18 −12.25 −19.43 346.88 −26.44�
2020 9.89 −16.99 −26.88 253.64 −30.69�
Mean returns 25.32 6.40 2.00
Standard deviation 48.39 49.20
Coefficient of variation 1.91 7.69
Sharpe ratio 0.04
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Table A4. Real investment value of treasury bill and stocks (1990–2020)

Year
Treasury bill real rate

of returns
Treasury bill real
money returns

GSE all-share index
real rate of returns

Stocks real monetary
returns

Value of money of
1000GHS
(assume no
investment)

1990 −7.73 922.70 −67.01 329.90 627.40
1991 11.2 1026.04 −25.98 244.19 514.28
1992 9.32 1121.67 −13.69 210.76 462.54
1993 5.99 1188.86 88.78 397.88 347.09
1994 2.85 1222.74 99.47 793.64 260.77
1995 −24.08 928.30 −53.13 371.98 105.72
1996 −4.92 882.63 −32.74 250.19 56.49
1997 14.88 1013.97 13.96 285.12 40.74
1998 19.71 1213.82 55.07 442.14 34.78
1999 13.96 1383.27 −27.63 319.98 30.47
2000 11.09 1536.67 28.64 292.33 22.79
2001 8.05 1660.38 −21.49 229.51 15.29
2002 10.29 1831.23 31.14 300.98 13.02
2003 0.58 1841.85 128 686.23 9.55
2004 3.95 1914.60 78.71 1226.36 8.35
2005 −0.23 1910.20 −44.97 674.86 7.08
2006 −0.97 1891.67 −5.95 634.71 6.31
2007 −1.07 1871.43 21.11 768.70 5.63
2008 0.44 1879.66 41.54 1088.01 4.70
2009 4.51 1964.44 −65.83 371.77 3.80
2010 2.57 2014.92 21.54 451.85 3.39
2011 1.68 2048.77 −11.83 398.40 3.09
2012 10.66 2267.17 16.68 464.85 2.87
2013 9.15 2474.62 67.14 776.96 2.54
2014 7.08 2649.82 −10.09 698.56 2.15
2015 6.46 2821.00 −28.92 496.54 1.78
2016 3.49 2919.45 −32.78 333.77 1.47
2017 1.26 2956.24 40.36 468.48 1.29
2018 5.29 3112.62 −8.1 430.54 1.19
2019 7.01 3330.82 −19.43 346.88 1.10
2020 3.81 3457.72 226.88 253.64 0.99

Table A5. Inflation, treasury bill nominal rate of returns, and real rate of returns and real monetary returns of treasury
bills for 1990–2000 segregated period.
Year Rates of inflation Treasury bill rate (nominal) T. bill real returns Treasury bill real monetary returns

1990 37.26 29.53 −7.73 922.70
1991 18.03 29.23 11.2 1026.04
1992 10.06 19.38 9.32 1121.67
1993 24.96 30.95 5.99 1188.86
1994 24.87 27.72 2.85 1222.74
1995 59.46 35.38 −24.08 928.30
1996 46.56 41.64 −4.92 882.63
1997 27.89 42.77 14.88 1013.97
1998 14.62 34.33 19.71 1213.82
1999 12.41 26.37 13.96 1383.27
2000 25.19 36.28 11.09 1536.67
Mean Returns 32.14 4.75
Standard deviation 6.84 12.65
Covariance 0.21 2.66
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Table A6. Rate of inflation, GSE all-share index returns (nominal), GSE all-share index real returns, GSE all-share index
real money returns, value of money when no investment is made, and risk premium (1990–2000 segregated period)
Year Rates of inflation GSE returns GSE real returns GSE real inv. value Real value (no inv.) Risk premium

1990 37.26 −29.75 −67.01 329.90 627.40 −59.28
1991 18.03 −7.95 −25.98 244.19 514.28 −37.18
1992 10.06 −3.63 −13.69 210.76 462.54 −23.01
1993 24.96 113.74 88.78 397.88 347.09 82.79
1994 24.87 124.34 99.47 793.64 260.77 96.62
1995 59.46 6.33 −53.13 371.98 105.72 −29.05
1996 46.56 13.82 −32.74 250.19 56.49 −27.82
1997 27.89 41.85 13.96 285.12 40.74 −0.92
1998 14.62 69.69 55.07 442.14 34.78 35.36
1999 12.41 −15.22 −27.63 319.98 30.47 −41.59
2000 25.19 16.55 −8.64 292.33 22.79 −19.73
Mean returns 29.97 2.59 22.16
Standard deviation 51.79 55.69
Covariance 1.73 21.50
Sharpe ratio 20.042 0.39

Table A7. Nominal interest rates, rates of inflation and real rates of treasury bill returns (2001–2010 segregated
period)
Year Rates of inflation Treasury bill rates T. bill real returns Real value of the invest

2001 32.91 40.96 8.05 1,080.50
2002 14.82 25.11 10.29 1,191.68
2003 26.67 27.25 0.58 1,198.60
2004 12.62 16.57 3.95 1,245.94
2005 15.12 14.89 −0.23 1,243.07
2006 10.92 9.95 −0.97 1,231.02
2007 10.73 9.66 −1.07 1,217.84
2008 16.52 16.96 0.44 1,223.20
2009 19.25 23.76 4.51 1,278.37
2010 10.71 13.28 2.57 1,311.22
Mean returns 19.84 2.81
Standard deviation 9.52
Covariance 0.48

Table A8. Nominal returns, real rate of returns, rates of inflation for GSE shares in Ghana (2001–2010 segregated
period).
Year Rates of inflation GSE all-share index GSE real returns Real value at the end No invest Risk premium

2001 32.91 11.42 −21.49 785.10 670.90 −29.54
2002 14.82 45.96 31.14 1,029.58 571.47 20.85
2003 26.67 154.67 128 2,347.44 419.06 127.42
2004 12.62 91.33 78.71 4,195.11 366.18 74.76
2005 15.12 −29.85 −44.97 2,308.57 310.81 −44.74
2006 10.92 4.97 −5.95 2,171.21 276.87 −4.98
2007 10.73 31.84 21.11 2,629.55 247.16 22.18
2008 16.52 58.06 41.54 3,721.87 206.33 41.1
2009 19.25 −46.58 −65.83 1,271.76 166.61 −70.34
2010 10.71 32.25 21.54 1,545.70 148.77 18.97
Mean returns 35.41 18.38 15.57
Standard deviation 58.20
Covariance 1.64
Sharpe index 0.27

Table A9. Investment value at the end of each period (in nominal terms) (2011–2020 segregated period).
Year Treasury bill rates End of year return (1000) GSE all-share index End of yr. return (1000)

2011 10.41 1104.10 −3.1 969.00
2012 17.79 1300.52 23.81 1199.72
2013 20.82 1571.29 78.81 2145.22
2014 22.57 1925.93 5.4 2261.06
2015 23.61 2380.64 −11.77 1994.93
2016 20.94 2879.14 −15.33 1689.11
2017 13.63 3271.57 52.73 2579.78
2018 13.1 3700.15 −0.29 2572.30
2019 14.19 4225.20 −12.25 2257.19
2020 13.7 4804.05 216.99 1873.69
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Table A10. Inflation, treasury bill rates, real treasury bill return, and cumulative real value of investment (2011–2020
segregated period).
Year Rates of inflation Treasury bill rates T. bill real returns Real inv. value No inv. made

2011 8.73 10.41 1.68 1,016.80 912.70
2012 7.13 17.79 10.66 1,125.19 847.62
2013 11.67 20.82 9.15 1,228.15 748.71
2014 15.49 22.57 7.08 1,315.10 632.73
2015 17.15 23.61 6.46 1,400.05 524.22
2016 17.45 20.94 3.49 1,448.92 432.74
2017 12.37 13.63 1.26 1,467.17 379.21
2018 7.81 13.1 5.29 1,544.79 349.60
2019 7.18 14.19 7.01 1,653.08 324.49
2020 9.89 13.7 3.81 1,716.06 292.40
Mean 17.08 5.59
Standard deviation 4.64 3.07
Covariance 3.68 1.82

Table A11. Inflation, GSE all-share index returns, real returns, real value, risk premium (2011–2020 segregated period)
Year Rates of inflation GSE all-share index GSE real returns Real inv. value Risk premium

2011 8.73 −3.1 −11.83 881.70 −13.51
2012 7.13 23.81 16.68 1,028.77 6.02
2013 11.67 78.81 67.14 1,719.48 57.99
2014 15.49 5.4 −10.09 1,545.99 −17.17
2015 17.15 −11.77 −28.92 1,098.89 −35.38
2016 17.45 −15.33 −32.78 738.67 −36.27
2017 12.37 52.73 40.36 1,036.80 39.1
2018 7.81 −0.29 −8.1 952.82 −13.39
2019 7.18 −12.25 −19.43 767.69 −26.44
2020 9.89 −16.99 −26.88 561.33 −30.69
Mean 10.10 1.39 Risk premium ¼ 6.97
Standard deviation 32.30 32.85
Covariance 3.20 0.04
Sharpe ratio 0.22
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Table A12. Companies listed on the Ghana Stock Exchange and their stated capital, date listed, issued shares, and
authorised shares.
Symbol Company Date listed Stated capital Issued shares Authorised shares

ACCESS Access Bank Ghana Plc 21/12/2022 GHS400 Milliion 118,093,134 173,947,596 Ordinary
shares

ADB Agricultural Development Bank 12/12/2016
AGA AngloGold Ashanti Limited 27/04/2004 ZAR 4,899,021,716.98 417,339,100 (Ordinary

shares)
600.000.000

ALW Aluworks LTD 29/11/1996 236,685,180 Ordinary
shares

1,000,000,000
Ordinary shares

ASG Asante Gold Corporation 29/06/2022 C$ 20,366,275 315.01
BOPP Benso Oil Palm Plantation Ltd 16/04/2004 34.8 50.000,000 Shares of

no par value
CAL CalBank PLC 05/11/2004 548.26 1,000,000,000
CLYD Clydestone (Ghana) Limited 19/05/2004 34 100.000.000
CMLT Camelot Ghana Ltd 17/09/1999 GHS 217,467 6.83 20,000,000
CPC Cocoa Processing Company 14/02/2003 GH 2038.07 20.000.000.000
EGH Ecobank Ghana PLC 13/07/2022 Ghs226.64 million 293.23 500 Million
EGL Enterprise Group PLC GHS258,886,100.00 170,892,825.00 200 Million
ETI Ecobank Transnational Incorporation 11/09/2006 US$867,714,000 24067.75 800000000
FML Fan Milk Limited 18/10/1991 GH 116.21 200,000,000
GCB Ghana Commercial Bank Limited 17/05/1996 GHS 72,000,000 265 1,500,000,000
GGBL Guinness Ghana Breweries Plc 23/08/1991 GHS 272,879,113.44 100
GOIL GOIL PLC 16/11/2007 GH 391.86 1,000,000,000
MAC Mega African Capital Limited 23/04/2014 GH 9.95
MTNGH MTN Ghana 05/09/2018 GHS1,363,000 100,000,000,000
PBC Produce Buying Company Ltd. 17/05/2000 GHS 4,914,377 480 20,000,000,000
RBGH Republic Bank (Ghana) PLC. 17/03/1995 GHS 1,000,000 1,000,000 1.000.000.000
SCB Standard Chartered Bank Ghana Ltd. GH 115.51 Ordinary shares,

17.48 pref. shares
250 Million-ordinary

SCB PREF Standard Chartered Bank Ghana PLC GH 115.51 Ordinary Shares,
17.48 Pref. Shares

250 Million-ordinary

SIC SIC Insurance Company Limited 25/01/2008 GHS 2,500,000 195.65 500.000.000
SOGEGH Societe Generale Ghana Limited 13/10/1995 GHS 62,393,557.80 429.06 500 million
SWL Sam Wood Ltd. 24/04/2002 GHS 220,990 21.83 100.000.000
TBL Trust Bank Limited (THE GAMBIA) 15/11/2002 Dalasis 200,000,000 22.75 200,000,000
TLW Tullow Oil Plc 27/07/2011 GBP 143,843,623.5 906.96
TOTAL Total Energies Ghana PLC 51,222,715.01 111,874,072 111,874,072
UNIL Unilever Ghana PLC GH 62.5 100 million

Table A13. ANOVA analysis period split based on time specific regime ANOVA analysis (i.e. NDC1, NPP1, NDC2, NPP2).
Sum of squares Df Mean square F Sig.

T. bill returns Between groups 1222.944 3 407.648 6.716 0.002
Within groups 1638.799 27 60.696
Total 2861.743 30

GSE returns Between Groups 5651.079 3 1883.693 0.787 0.512
Within groups 64607.632 27 2392.875
Total 70258.711 30

Note. The groups are NDC1¼ 1990–2000, NPP1¼ 2001–2008, NDC2¼ 2009–2016, NPP2¼ 2017–2020.

Table A14. Descriptive statistics among the three segregated periods of T’bills returns.
1990–2000 2001–2010 2011–2020 Aggregated period 1990–2020

Mean 32.14364 19.83900 17.07600 23.31387
Median 30.95000 16.76500 15.99000 22.57000
Maximum 42.77000 40.96000 23.61000 42.77000
Minimum 19.38000 9.660000 10.41000 9.660000
Std. Dev. 6.841223 9.615206 4.644955 9.766854
Skewness −0.075736 0.994979 0.108484 0.444759
Kurtosis 2.483946 3.263705 1.516512 2.171652
Jarque-Bera 0.132576 1.678948 0.936588 1.908312
Probability 0.935861 0.431938 0.626070 0.385137
Sum 353.5800 198.3900 170.7600 722.7300
Sum Sq. Dev. 468.0233 832.0697 194.1804 2861.743
Observations 11 10 10 31
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Table A15. Descriptive statistics among the three segregated periods of stock returns stocks.
1990–2000 2001–2010 2011–2020 Aggregated period 1990–2020

Mean 29.97909 35.40700 10.10200 25.31806
Median 13.82000 32.04500 −1.695000 11.42000
Maximum 124.3400 154.6700 78.81000 154.6700
Minimum −29.75000 −46.58000 −16.99000 246.58000
Std. dev. 51.78532 58.19545 32.29895 48.39377
Skewness 0.811351 0.601959 1.191901 0.979218
Kurtosis 2.319889 2.980198 3.074329 3.337740
Jarque-Bera 1.418867 0.604088 2.370017 5.101491
Probability 0.491923 0.739306 0.305744 0.078023
Sum 329.7700 354.0700 101.0200 784.8600
Sum sq. dev. 26817.19 30480.39 9389.000 70258.71
Observations 11 10 10 31

Figure A1. Time specific political regimes on treasury bill returns.
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