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ABSTRACT

In the last issue of this journal our earlier conclusions
regarding the relevance of the efficient market hypothesis
("EMH") to The Johannesburg Stock Exchange were
criticised by Strebel. Amongst other things, Strebel has
asserted that "'the EMH is at best a half truth”. In this
present note we evaluate this criticism and present some
new results pertaining to low-volume shares. We show
that Strebel’s position is based on errors of logic,
suspect data and faulty methodology. We then re-affirm
our view that the JSE is an efficient capital market.

1 INTRODUCTION
In a recent note in this journal®, Gilbertson and Roux
reviewed the results of various statistical tests concerning
the efficiency or otherwise of The Johannesburg Stock
Exchange (henceforth “JSE”). They concluded that,
“taking all the evidence together . . . there is persuasive
support for the view that the JSE is an efficient capital
market”. Accordingly, the market prices of shares listed
on the JSE at any time fully reflect all available
information, and it is unlikely that the efforts of chartists
and fundamental analysts will be rewarded with con-
sistently superior investment performance.

In the subsequent issue of the journal, Strebel2 chal-

lenged these conclusions. He contends that:

(a) “at least half the shares on the JSE have trading
volumes so low that analysis of their performance
on a risk adjusted basis becomes meaningless”;

(b) “with respect to high volume shares, there are
some important differences between US and SA
results, which suggest that the case for the EMH
is not yet conclusive”.

Strebel’s overall conclusion is that “as far as the JSE

is concerned . . . the EMH is at best a half truth”.

Since the question of market efficiency is of real

practical significance, there is a need to establish

which of these conflicting conclusions is more likely
to be valid. In this paper we take issue with:

(a) the logic underlying certain of Strebel’s arguments,

(b} the interpretation placed on the results of his
findings, and

(c) various sources of bias in the results that he uses to
support his arguments.

We show alsd that, given proper interpretation, his

results are not in conflict with the EMH. We shall thus

re-affirm the view that the JSE is an efficient capital
market.

2 THE DISTRIBUTION OF RETURNS

Readers of the earlier papers will be aware that the
observed distributions of share returns exhibit leptokurtic

properties, i.e. they have a relatively high concentration
of returns around the modal value when compared to
the normal distribution. It is in his evaluation of this
observed phenomenon that Strebel makes one of his
more obvious errors. He apparently believes that non-
random* behaviour is indicated when the empirical
distributions of share returns do not conform to a
particular theoretical distribution. (In his section 2 the
required theoretical distribution is log normal, while in
section 3(iii) it is normal.) Throughout his paper, as
elsewhere,* Strebel is adamant that leptokurtic dis-
tributions imply non-random behaviour.

This is of course not true. A series of random numbers
may be drawn from any distribution, and specifically
from leptokurtic distributions. That the normal (or log
normal) distribution has no unique properties in this
regard is perhaps best evidenced by the famous RAND
corporation table of one million random digits drawn
from the uniform distribution. (Part of this table is
reproduced in virtually every introductory statistics
text.) We anticipate that a great deal of Strebel's
opposition to the assumption of efficiency for the JSE
will be eliminated once he accepts this point.

Given that the particular shapes of the empirical dis-
tribution have nothing whatsoever to do with the
randomness of the time series, we might dismiss as
irrelevant Strebel’s criticism that we failed to correct for
“false zeroes”.t However, to correct the record we must
state that his criticism is unfounded for we in fact
followed the standard procedure in omitting non-
trading days from our calculation of returns. Thus no
“false zeroes”” were included in our analysis.

We have reservations, however, as to whether the
research'® on which Strebel bases his conclusions
could identify and correct for these non-trading periods.
Indeed, we have reason to question the validity of some
of the raw data used in that investigation.'® Share prices
used were collected from copies of the Financial Mail for
consecutive four-weekly periods. These published prices
are not necessarily those at which transactions occurred ;
the prices shown are either the price of the last
transaction, or the bid price of a subsequent buyer if this
price is higher than the price of the last transaction, or
the offer price of a subsequent seller if this price
is lower than the previous transaction price. Hence
the indicated price change for a particular four-week
period may be any one of nine possible alternatives.
Furthermore, if no transaction occurred during the
four-week period and the price of either a buyer or
seller is higher or lower, respectively, than the previous
transaction price, the calculated return will be incorrect,
i.e. the data will indicate a non-zero return for the
periods whereas there was no return. The above-

*Careful readers will find Strebel’s “brief intuitive discussion” of
the difference between the EMH and the random walk hypo-
thesis to be vague, if not in fact unsound. Interested readers are

advised to refer rather to Fama’s standard reference.®

_1These he defines as share returns of zero corresponding to days
on which no trading occurred.
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mentioned two effects may be of little importance for
highly traded shares. However, these effects will in-
fluence, significantly, the calculated returns of shares
which are traded infrequently. Strebel’s results, at least
as far as low volume shares are concerned, must
therefore be regarded with some scepticism.

3 SERIAL CORRELATION TESTS

Strebel is aware of the usual criticisms of serial correla-
tion tests when used in studies of market efficiency.?
Nevertheless, he feels that “the existence or otherwise
of non-random behaviour is not irrelevant to tests of
market efficiency. The less the non-randomness, the less
the chance of finding investment strategies which yield
superior returns; the greater the non-randomness the

%

greater the possibility of market inefficiency”.
As far as we are aware, every serial correlation test that
has ever been carried out on share prices has found some
evidence that the returns are not completely indepen-
dent. The three studies of JSE shares®-7 are no excep-
tion. We need, therefore, to consider the magnitude of
actual correlation coefficients and for this purpose we

Table 1

shall utilise the results of our own tests as reported in
reference 6.

Table A1 in the appendix shows the serial correlation
coefficients for the daily ut's of 24 shares with lag 1
ranging from 1 day to 50 days.t These results indicate
in effect whether any of the price changes for the past 50
days can be used to predict tomorrow’s change. It will
be seen that the serial correlation coefficients are all
quite small in absolute value. Generally the values are
below 0,1 and there is only one case greater than 0,2.
However, there are a number of instances where the
values exceed the 2 o limits. This phenomenon was
also observed by Fama in his original study® who
regarded it as unimportant since the 2 o control limits
for a Gaussian distribution in fact underestimate the
variance of the non-Gaussian correlation coefficient.
However, the explanation may not be so simple. Indeed,
on the basis of a detailed analysis of this phenomenon,
Solnick® concluded that “deviations from the random
walk seem slightly more apparent in the European
stock price behaviour than in the American price
behaviour”.

Number of 2 o control limited breakdowns with daily ut ‘s

Total Fraction of shares having coefficient outside 2 ¢ control
ota limit for lag ©
Share sample number
of shares 1 day 2 days 3 days 4 days 5 days 9 days
NYSEs 30 0,37 0,30 0,13 0,13 0,10 0,13
Paris® 65 0,63 ? ? ? 0,26 0,09
JSES : Industrial 9 0,78 0,11 0,11 0,11 0,22 0
Mining : Gold 8 0,13 0,50 0 0,13 0 0
Mining: Non-Gold 7 0,57 0,43 0,43 0,43 0 0
Overall average® 24 0,50 0,33 017 0,21 0,08 0

Table 1 summarises by listing category the fractions of
shares having correlation coefficients outside of the
2 o control limits. For purposes of comparison Fama'’s
data for the NYSE and Solnick's data for the Paris
Bourse are also shown. There seems to be some
evidence that, when the lag t does not equal 2 days, a
higher fraction of the JSE industrial shares and mining :
non-gold shares exceed their 2 ¢ control limits than is
the case for gold mining shares. The opposite is true
when 1 = 2. Furthermore, there is also some evidence
that the number of shares exceeding the control limits
in any category declines as 1 increases. However,
reference to Table A1 shows that there seems to be no
consistent pattern as 1 is allowed to increase for any
given share. For this reason, and also because of the
relatively small numbers of shares in our sample, we
would not venture to reach firm conclusions in this
regard. In any case, the small absolute magnitude of the

correlation coefficients would seem to preclude using
them to increase trading profits.

Although the serial correlation coefficients for daily
price changes are quite small, it is possible that changes
across longer intervals would show a stronger depen-
dence. Serial correlation coefficients were, therefore,
calculated for differencing intervals t ranging from 2
days to b0 days, and for the lag t equal to 1. Essentially
these correlation coefficients indicate whether the price
change over a previous t day period can be useful in
predicting the price change over the following t day
period. The results are illustrated in Table A2 in the
appendix.

A noteworthy feature of Table A2 is that in some
instances the correlation coefficients are quite large (of
the order of 0,6 to 0,7) and this would suggest a
significant measure of dependence. However, the large

*There are problems with this concept. For example, how much
“non-randomness’’ is required before it can be used to “beat the
market”. Further, consider a share of which the price rises by
exactly 1% every month. A serial correlation test on the monthly
returns will give a coefficient of 1, so implying ‘““total non-
randomness”’. Yet the reader will be hard put to devise an invest-
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ment strategy for this share that will outperform a “buy and hold”
strategy.

+The variable uy is defined in the usual way as the first difference
of the natural logarithm. Thus ut 1 — In pg..q — In py where
pt = share price on day t. Dividends were also incorporated
in this computation. See reference 6.
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correlation coefficients again show no consistent trend
as regards occurring in a particular differencing interval,
except that the large coefficients tend to occur for the
larger differencing intervals. Since the standard error
increases with the differencing interval this is not
unexpected. In fact, the average magnitude of the
correlation coefficients relative to that of the standard
error seems to remain constant as the differencing
interval increases. This is somewhat different to Fama's
finding that the relative magnitude tended to decrease
with longer differencing intervals.

Table 2

Although, overall, approximately twice the number of
these correlation coefficients exceed their 2 o limits as
compared to daily changes, there is no apparent pattern
in the distribution of the large coefficients.

This is confirmed by Table 2 which shows the serial
correlation coefficients averaged over all the JSE shares.
It will be seen that the averages are quite small and are
in good agreement with similar averages for other
exchanges.

Serial correlation coefficients for various differencing intervals with lag of 1 period

Country Differencing interval (days)

4 5 9 10 15 16 20
USAs® —0,038 * —0,057 * * —0,009 "
JSES 0,019 0,035 0,035 0,064 0,003 0,053 —0,024
JSEs * —0,018 * 0,000 0,037 " *
UKs * —0,055 ¥ 0,005 * * 0,020
France® * —0,049 * —0,050 * * 0,012

*Denotes data not available.

On the basis of these results we would conclude
tentatively that there is some evidence that the uy's are
not completely independent for all of the lags and over
all of the differencing intervals. However, in general
the dependence is of small magnitude and furthermore,
there appears to be no consistent pattern in the correla-
tion coefficients. It therefore seems unlikely that such
dependence as does exist could be used consistently
to increase trading profits.

4 RUNS TEST

Runs tests have also been used extensively to seek
evidence of dependence in a time series of share
returns. Strebel critices our tests* on the grounds that
no account was taken of false zeroes. We have already
recorded (section 2 above) that this criticism is un-
founded.

Saloner and Strebel* and Saloner'® have reported
elsewhere the results of runs tests that were carried out
on 10 highly traded shares. Their results are in marked
contrast to ours® in that they report 4 negative and 6
positive fractional differences. We found only one
negative fractional difference in 24 shares.t Our results
thus indicate far fewer runs than expected and thus a
far greater degree of dependence than do theirs; this
being so, Strebel’s conclusions against market efficiency
are all the more surprising.

Before leaving this topic we must record that we have
reservations about the relevance of Saloner and Strebel’s
results. Their finding of approximately equal numbers

of negative and positive fractional differences arises
from the fact that they reclassified all zeroes “as either
part of a positive or negative run, except at turning
points when they were removed from the series”. This is
purported to “avoid the artificial interruption by false
zeroes of what might in fact be longer runs”.

It seems to us that this is an extremely questionable
statistical procedure. If on any given day a given share
was traded, and if trading took place at the same price as
the previous day, then the return was in fact zero. We
can see no justification for calling such a return either
positive or negative : arbitrary procedures such as these
have no place in scientific investigations.

5 TRADING RULE TESTS

Strebel next reviews the results of applying technical
trading rules to share price sequences. He accurately
reports that the 4 trading rules which we applied'! to
high trading volume shares were outperformed con-
sistently by a buy and hold strategy; this phenomenon
is of course consistent with an efficient market. How-
ever, since Strebel implies that the JSE may be inef-
ficient with respect to low volume shares we have
carried out some limited trading rule tests on such
shares.

Specifically, we applied trading rule No. 4 (a filter test)
of our earlier paper to fourteen of Strebel’s low volume
shares. A summary of part of the results is given in
Table 3.

*Elsewhere he suggests that we have obtained conflicting results
("In contract to the serial correlation analysis . . . Roux and
Gilbertson find evidence of non-random behaviour in their
analysis of runs”). This is incorrect, since we specifically reported
that ““in all cases there was some evidence that the price change
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was not completely independent”’.

TWe are comparing here the results for the total number of runs.
Our results are based on 16 day price changes, those of
Saloner'® on 20 day price changes.
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Table 3
Summary of results for filter tests using one week ““differencing interval”

Ratio of unadjusted Interest (%PA) Ratio of annual
Filter wealth ratios Trading required to wealth ratios
size (TR/BH) activity make TR equal BH (TR/BH)

Number Number Number Number

% Mean >1 % Time of shares Mean >10% Mean >1
1 ,b07 1 ,458 14 54,8 2 ,683 ¢
3 ,468 0 467 14 59,2 2 ,663 1
5 474 0 ,493 14 60,9 1 ,665 0
7 ,466 0 ,b03 14 62,0 1 ,681 0
9 ,b48 0 ,b07 14 455 2 , 767 0
1" ,6567 4 ,530 14 63,7 4 ,837 3
13 , 784 4 ,528 14 44,3 7 ,879 4
15 ,860 3 ,561 14 34,5 6 ,902 4
17 ,887 4 ,bb2 14 301 6 ,945 6
19 ,837 6 ,b00 14 371 7 ,906 6
21 ,803 5 A77 14 35,0 7 ,893 5
23 , 793 5 491 14 33,2 6 ,887 6
25 ,908 6 ,463 14 34,3 8 ,973 7

The interpretation of Table 3 is quite complicated and
we shall comment only briefly here.* For example,
column 3 shows that for a 13% filter, 4 of the 14 shares
outperformed and a buy and hold strategy (i.e. had
wealth ratio’s greater than one). However, when
averaged over the 14 shares the trading rule achieved

only 0,784 (column 2) of the return associated with a ~

buy and hold strategy. Similarly column 7 shows that
this trading rule strategy would have allowed 7 of the
14 shares to outperform a buy and hold strategy if an
interest rate of 10% was earned during the period that
the investor was “out” of the market. However, when
averaged over the 14 shares an interest rate of 44,3%
was required to outperform the buy and hold strategy.
A full interpretation of all the results along these lines
provides no evidence that the filter rule is able to
generate profits that are consistently superior to those
associated with a buy and hold strategy. Indeed, the
opposite appears to be the case. Furthermore, the
performance of this trading rule for low-volume shares
is worse, if anything, than that for the high volume
shares as reported in reference 11.

Strebel2 further suggests “the possibility that the trading
rules tested so far have not been sophisticated enough
to capitalise on share return behaviour which is statis-
tically non-random”. This may well be so. However, the
trading rules that we used were typical of those
advocated by technical analysts. The fact that they
failed to produce superior returns is in itself instructive.
We accept that Professor Sichel’s students are ““attempt-
ing to devise a statistically based trading rule’ capable
of achieving such superior returns.t However, we are
not particularly impressed by this; alchemists in the
middle ages long pursued the goal of converting base
metals into gold, but their efforts were not rewarded.

We anticipate the same results for the students’ tests.
Until such time as Strebel is able to provide some
concrete results we prefer to accept the evidence from
our own dispassionate analysis.

Finally Strebel argues as follows: “When a trading rule
is said to have been outperformed by a buy and hold
strategy, some market model has been used, at least
implicitly, to position the two sets of return in the same
risk class. Thus, the results from trading rule tests are
only as valid as the market models which underlie
them”. As we shall see in section 6 below this comment
is of some significance when comparisons are made
between the returns from investments in different assets.
However, in the case of alternative investment strategies
for a single asset — as is the case of trading rule versus
buy and hold strategies for an individual share — the
problem is adifferentone. Itistrue that earlier tests of this
nature were biased against the trading rule, and this
error has been analysed by Praetz.’2 However, part of
our study specifically adjusted for such bias: this had
no material effect on our results and our conclusions
were unchanged.

Consequently our views regarding the “market effi-
ciency” implications of our trading rule tests are
unaltered. Indeed, they have been reinforced by our
findings regarding low trading volume shares. In this
regard even Strebel concedes, albeit with qualifications,
that “the lack of a documented, successful trading rule
on the JSE represents support for the EMH".

6 PORTFOLIO PERFORMANCE

The final category of tests reviewed by Strebel, the
so called strong-form tests, are concerned with whether
all available information is fully reflected in share prices.
These tests have traditionally focused on the profes-

‘Readers interested in the full interpretation are referred to our
original study.!

tWe do not accept Strebel’s view that “obviously, any trading rule
which outperformed a buy and hold strategy would be sufficient

to disprove the EMH.” He should have added the adverbs
“significantly” and "consistently”. Also the rule should operate
successfully on untried share prices; successful rules can be
devised for any given set of random numbers, but these rules
will not work on a new set of such numbers.
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sionally managed portfolios of the mutual funds. Such
tests have invariably found that no fund achieved
consistently superior performance relative either to the
market as a whole or to any other fund.* This finding
is in agreement with the concept of an efficient market.

Our study'® of the performance of the South African
mutual fund movement, as well as that of Taylor'4, led
to similar conclusions. However, Strebel criticises these
South African tests on the ground that “‘the absence of
superior mutual fund or investment trust performance
might be attributable not so much to JSE market
efficiency, as to inapplicability of the CAPM™.

Before analysing the validity of Strebel’s criticisms, we
need to explain why the CAPM (capital asset pricing
model) is relevant to the issue. Contemporary finance
theory holds that investors are generally risk averse;
thus, an investor will undertake a risky investment only
if he expects it to yield a greater return than some other
lower risk investment. The CAPM quantifies this trade-
off between expected return and risk, and specifically
assumes that the relationship is a linear one. More
formally, the CAPM states that for any security or
portfolio,

ex post relationships. However, by substituting the
so-called “market model” into the CAPM, and after
considerable mathematical manipulation, one can
generate the following ex post relationship :

Rjt=RFt+ Bj[Rmt—RFt)+u ............ (2)
where u is an error term with expected value of zero
and t denotes a time interval arbitrary with respect to
length and starting dates.
Thus, assuming that the CAPM is empirically valid,
equation 2 above says that the realised returns on any
portfolio can be expressed as a linear function of its
systematic risk B, the realised returns on the market
portfolio, the risk free rate and a random error term u.
With some additional small modifications, this equation
can be used directly as a measure of portfolio perform-
ance, and it was so used by us in reference 13.
We are now in a position to evaluate Strebel’s criticism,
which is that he doubts ““the empirical validity of the
... (CAPM) . .. on the JSE". His doubts arise from
the following:
(a) the two South African studies'3-'4 reported non-
stationary beta coefficientss

(b) neither of these studies ““was able to identify a . . .

E(R)) = RF + £ [E(Rm) =RF)] ............. (1) statistically significant, linear relationship between
where ex post risk and return of JSE mutual funds”.
E = denotes the expected value operator

Rj == return on the security or portfolio

Rm = return on the “market portfolio”

Rg == risk-free rate, and

Bj = coefficient of systematic risk, which is a measure
of the risk of the security relative to the risk of the
market portfolio.

It will be observed from the above equations that
the CAPM is concerned with investor expectations,
i.e. the relationship between risk and return is an ex ante
one. Studies of mutual funds are concerned with
realised returns, so the relationship is ex post, and,
of course, the CAPM says nothing whatsoever about

With regard to (a), we must first correct Strebel's
interpretation of our results. We, in fact, reported that
“our measurements of beta have provided . . . little
justification for the assumption of stationarity” and not
that ““the beta coefficients are non-stationary over time”.
The difference between these two statements is not a
trivial one. To reach the conclusion that beta is non-
stationary one needs to show that, given two estimates
of beta made over different time periods for the same
security (or portfolio), the difference between the two
estimates is so great that it cannot be explained by
estimation errors. This was not the case in our study.
Table 4 shows that the errors in our beta estimates were

! Table 4
; }" Comparison of estimation errors for mutual fund beta-coefficients (s = standard error)
Period
Fund 31 March 70 — 30 June 73 30 June 73 — 30 September 76
B—2s B4 2s B—-2s B+ 2s
Sage 0,807 1,391 0,485 1,361
NGF 0,662 1,394 0,770 1,566
SATS 0,845 1,597 0,763 1,507
O!d Mutual 0,537 0,973 0,948 1,688
UAL s 0,642 1,230 0,716 1,312
Sanlam Trust 0,826 1174 0,772 1,324
Trust Bank 0,700 1,152 0,588 1,200
Santamgro 0,483 0,839 0,345 1,773
Syfrets 0,603 0,907 0,720 1,348
Guard Bank 0,402 0,786 0,649 1,141
i *A small number of studies have found some evidence that certain special groups (see Fama3).

company officials and some trading specialists on the NYSE have
been able to generate monopoly profits. There is no documented
evidence that deviations from the EMH permeate down any
further through the investment community than to these two

1See Jensen'5 for details of this derivation.

+Strebe! also questions the stability of the beta coefficients, but he
beljeves this to be a factor of lesser importance.
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