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FILTER RULES AND STOCK-MARKET TRADING*

EUGENE F. FAMAT AND MARSHALL E. BLUME |

I. INTRODUCTION

a considerable interest in the theory
of random walks in stock-market
prices. The basic hypothesis of the theory
is that successive price changes in indi-
vidual securities are independent random
variables. Independence implies, of
course, that the past history of a series of
changes cannot be used to predict future
changes in any “meaningful” way.
What constitutes a “meaningful’” pre-
diction depends, of course, on the pur-
pose for which the data are being ex-
amined. For example, the investor wants
to know whether the history of prices can
be used to increase expected gains. In a
random-walk market, with either zero or
positive drift, no mechanical trading rule
applied to an individual security would
consistently outperform a policy of
simply buying and holding the security.
Thus, the investor who must choose be-
tween the random-walk model and a
more complicated model which assumes
the existence of an excessive degree of
either persistence (positive dependence)
or reaction (negative dependence) in suc-
cessive price changes, should accept the
theory of random walks as the better
model if the actual degree of dependence
cannot be used to produce greater ex-

IN THE recent literature there has been

* In preparing this paper the authors have bene-
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Fisher, Benoit Mandelbrot, Merton Miller, Peter
Pashigian, and Harry Roberts of the University of
Chicago.
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pected profits than a buy-and-hold pol-
icy!

On the other hand, the statistician has
different though equally pragmatic no-
tions of what constitutes an important
violation of the independence assump-
tion of the random-walk model. He will

1 Although independence of successive price
changes implies that the history of a price series can-
not be used to increase expected gains, the reverse
proposition does not hold. It is possible to construct
models where successive price changes are dependent,
yet the dependence is not of a form which can be
used to increase expected profits. In fact, Mandelbrot
[9] and Samuelson [12] show that, under fairly gen-
eral conditions, in a market that fully “discounts”all
available information prices will follow a “mar-
tingale” which may or may not have the independ-
ence property of a pure random walk. In particular,
the martingale property implies only that the
expected values of future prices will be independent
of the walues of past prices; the distributions of
future prices, however, may very well depend on
the values of past prices. In a martingale, though
price changes may be dependent, the dependence
cannot be used by the trader to increase his expected
profits. A random walk is a martingale, but a mar-
tingale is not necessarily a random walk.

Unfortunately, however, most empirical work on
the behavior of stock-market prices came about be-
fore the theoretical importance of the martingale
model was established. Thus empirical work is usual-
ly concerned with the theory of random walks. In
practice, this is not serious, since in most cases it is
probably impossible to distinguish a series that fol-
lows a martingale with some dependence from a
series that follows a random walk. In most cases the
degree of dependence shown by a martingale will be
so small that for practical purposes it will not do
great violence to the independence assumption of the
random-walk model.

The terminology used in this paper will be that
of the more familiar theory of random walks rather
than the more general (but perhaps simpler) theory
of martingale processes. The reader will note, how-
ever, that the bulk of our discussions remain valid if
the word “martingale” is substituted for “random
walk” and the words “the martingale property” are
substituted for “independence.”
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typically be interested in whether the de-
gree of dependence in successive changes
is sufficient to account for some particu-
lar property of the distribution of price
changes or whether the dependence is
sufficient to invalidate the results pro-
duced by statistical tools applied to the
data. For example, price changes may be
one variable in a regression analysis and
the statistician will want to determine
whether dependence in the series might
produce serial dependence in the resid-
uals. If the amount of dependence is low,
he will probably conclude that it will not
seriously damage his results. From the
investor’s point of view, however, the de-
pendence may make the expected profits
from some mechanical trading rule
greater than those of a simple buy-and-
hold policy.

It is important to note, however, that
though a strict definition of “important
dependence” is always specific to the case
at hand, the ultimate criterion is always
practical. In an encounter with a more
complicated alternative, the theory of
random walks is overthrown only if the
alternative leads to a better action than
the random-walk theory would have sug-
gested.

Previously the independence assump-
tion of the random-walk model has been
tested primarily with standard statistical
tools, and in most cases the results have
tended to uphold the model. This is true,
for example, of the serial correlation tests
of Cootner [3], Fama [4], Kendall [8], and
Moore [11]. In these studies the sample
serial correlation coefficients computed
for successive daily, weekly, and monthly
price changes were extremely close to
zero—evidence against “important” de-
pendence in price changes. Similarly,
Fama’s [4] analysis of runs of successive
price changes of the same sign and the

spectral analysis techniques of Granger,
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and Morgenstern [7], and Godfrey,
Granger, and Morgenstern [6] also lend
support to the independence assumption
of the random-walk model.

Nevertheless, it is difficult to deter-
mine whether these results indicate that
the random-walk model is adequate for
the investor. For example, there is no
obvious relationship between the mag-
nitude of a serial correlation coefficient
and the expected profits of a mechanical
trading rule. Moreover, the market pro-
fessional would probably object that
common statistical tools cannot measure
the types of dependence that he sees in
the data. For example, the simple linear
relationships that underlie the serial cor-
relation model are much too unsophlstl—
cated to identify the complicated ‘“pat-
terns” that the ‘‘chartist” sees in stock
prices. Similarly, runs tests are too rigid
in determining the duration of upward
and downward movements in prices. A
run is considered terminated whenever
there is a change in sign in the sequence
of successive price changes regardless of
the magnitude of the prlce change that
causes the reversal in sign. The market
professional would require a more sophis-
ticated method to identify movements—
a method that does not always predict
the termination of the movement simply
because the price level has temporarily
changed direction.

Not all the published empirical tests of
independence have employed standard
statistical models, however: Most no-
table, for example, is the work of Sidney
S. Alexander [1, 2]. Professor Alexander’s
filter technique is a mechanical trading
rule which attempts to apply more so-
phisticated criteria to identify’ move-
ments in stock prices. An % per cent filter
is defined as follows: If the daily closing
price of a particular security moves up at
least x per cent, buy and-hold the securi-
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ty until its price moves down at least «
per cent from a subsequent high, at
which time simultaneously sell and go
short. The short position is maintained
until the daily closing price rises at least
x per cent above a subsequent low at
which time one covers and buys. Moves
less than « per cent in either direction are
ignored.

Alexander formulated the filter tech-
nique to test the belief, widely held
among market professionals, that prices
adjust gradually to new information.

The professional analysts operate in the be-
lief that there exist certain trend generating
facts, knowable today, that will guide a specu-
lator to profit if only he can read them correctly.
These facts are assumed to generate trends
rather than instantaneous jumps because most
of those trading in speculative markets have
imperfect knowledge of these facts, and the fu-
ture trend of price will result from a gradual
spread of awareness of these facts throughout
the market [1, p. 7].

For the filter technique, this means that
for some values of # we would find that
“if the stock market has moved up « per
cent it is likely to move up more than x
per cent further before it moves down by
x per cent” [1, p. 26].

In his earlier article [1, Table 7] Alex-
ander reported tests of the filter tech-
nique for filters ranging in size from 5 to
50 per cent. The tests covered different
time periods from 1897 to 1959 and in-
volved closing ‘“‘prices” for two indexes,
the Dow-Jones Industrials from 1897 to
1929 and Standard and Poor’s Indus-
trials from 1929 to 1959. In general,
filters of all different sizes and for all the
different time periods yielded substan-
tial profits—indeed profits significantly
greater than those of the simple buy-and-
hold policy. This led Alexander to con-
clude that the independence assumption
of the random-walk model was not up-
beld by his data.

THE JOURNAL OF BUSINESS

Mandelbrot [10, pp. 417-18] pointed
out, however, that Alexander’s computa-
tions incorporated biases which led to seri-
ous overstatement of the profitability of
the filters. In each transaction Alexander
assumed that his hypothetical trader could
always buy at a price exactly equal to the
low plus x per cent and sell at the high
minus # per cent. In fact, because of the
frequency of large price jumps,? the pur-
chase price will often be somewhat higher
than the low plus « per cent, while the
sale price will often be below the high
minus # per cent.

In his later paper [2, Table 1] Alexan-
der reworked his earlier results to take
account of this source of bias. In the
corrected tests the profitability of the
filter technique was drastically reduced.

However, though his later work takes
account of discontinuities in the price
series, Alexander’s results are still very
difficult to interpret. The difficulties
arise because it is impossible to adjust
the commonly used price indexes for the
effects of dividends. This will later be
shown to introduce serious biases into
filter results.

II. THE FILTER RULE AND TRADING
PROFITS

Alexander’s filter technique has been
applied to series of daily closing prices
for each of the individual securities of the
Dow-Jones Industrial Average. The ini-
tial dates of the samples vary from Janu-
ary, 1956, to April, 1958, but are usually
about the end of 1957. The final date is
always September 26, 1962. Thus there
are thirty samples with 1,200 to 1,700
observations per sample.

Twenty-four different filters ranging
from 0.5 per cent to 50 per cent have
been simulated. Table 1 shows, for each

2 The point is of central theoretical importance for
the stable Paretian hypothesis. For additional dis-
cussion and empirical evidence, see Fama [4].



‘1 9[qe], 03 s9joN 10§ gg-zeg “dd 995

101" 100° 1’ 800 —| €01° L10°—| €01° 910" —| €0T" 700° {8 870° €01” §60° y01° SIT™ |'°° 7 *1°rageloAy

ovl” 190" —| I¥1° S0 —| TeT” 90" —| I€T” 860" —| 6C1° 620" 1eT° 880" (44 ¢10° 8CT” 890" 777777 "UIIOM[O0M
L¥0° S10°—| 1S0° €80 —| 670" 160" —| 8%0° 91T —| %S0° STT —| 8¢€0° Y0 —| 0%0° €01 —| 8¢0° 800" |** """ -osnoySunsom
§z0° €0’ 0€0° LT0° Ge0” cL0’ 870" LL0° LT0° 670" ¥10° 9€0° 010° 6£0°—| ¥10° T0T° |77 PSS
9%0° 920" —| 6%0° S0 —| 8%0° 681" —| €S0° ¥E1 —| 6S0° OIT" —| ¥50° €¢0" —| 7S0° 020" —| ¥S0° 670" —| ' "Iy pajIu)
1€0° 680" 8¢0° 8€0° JAN 870" 670" £90° 0S0° L60° 670" 548 S0° 1% S0’ 06C° | ° " 9pIqIe) uotuf)
8LT" STT” €8T 443 81" 991° 981" 601" 881" S60° 681" SOT” 418 So1” 881" (72 S R S S
1€0° 090" —| $€0° 80" —| L€0° SIT —| L0~ 790" —| S€0° 910" L€0" 920" —| T¥0° 200’ L¥0° 010" |"°7" 7 "'0) B YIMS
950" 980" —{ LSO’ 80" —| ¥90° £€80°—] 890" 80" —| 0L0° €60 —| 190° 60" —| L90° C¢L0°—| LLO" 9¢0" |°° C['N) 110 "'P3S
860" 8ST"—| £L60° LIT"—| ¥60° €C1" —| 660° $C1 —| 660° 901" —| ¥60° 60" —{ 060" 7s0° £60° 90" | * " (JED) 11O 'PIS
T €0T” LyT 8¢€T” §ST” 181" 1ST° 961" ST’ 191" 44 STT” 9sT’ 6¥C” 86T” P R )
e 001" 61T’ S10° 4y 990° 44 (U3 80T" 91" 90¢” 1¢C” [4%A 06C" 012" SI€" | 'eIquED) R 133001d
901" L0 —| ¥T1° 160" —| 0Z1° 1 —| 0z1” 0Cl —| 611° 0€T" —| STIT° €0 —| 911" 9¢0" —| €1T° 800" |°° " 'slour[-susmQ
v.0° LST —| ¥.0° ¥0C —| TLO® 61" —| LLO° 0.0"—| S80° 65T —| 80" 791" —| €60° 910" —| %60° 120° | "S[nauEy sugof
S10° €10°—| T10° ¥10° 110° 970" 010" $€0° £€00° £€90° S00° S60° 100" 9GT” 010° soz- |- raedeq Ul
091" 10" A4 Sotr” Lid e 880" ST’ S00° LET” LL0° 9eT” 8IT” 9¢T” 0L1” L4 8ICT" |77 PMIN WL
8L1° 810 —| SLT° 9¢0" —| 8LT" SIT —| 04T | LT T —| 9LT” 90T —| LLT° 780" —| 081" 880 —| * " I9ISeAIBY "JUT
(408 940" LLO" 10" —| £40° 870" 0L0° 760" —| 940" 601" —| S80° 16T —| €80° S61 " —| 980" 6z7 —| """ " 1edkpoon
S60° TLT"—| 660° IST"—| 860° 101" —| €60° £€90° —| ¥60° 870" 160° §90° 160" 801" 880" LOT" | " "SI0JOJN [eIdUdD)
0sT’ 080" 0S¢’ ar’ 9%’ 790° 0sc” 80" 15T 870" LST” 48 96T’ (449 LST” TCL" |77 SpoOf [BIdUsD
0L0° 010" —{ TL0° 110° 690" 250" —| 690° €10° 690° 910" —| S40° S10°—| SL0° 9%0° 840" 080" |"°° ' "TO9[Y [RIAUID
SLT” €eT” 8LT° €0’ e81° 600" £8T1" 680" G8T" LSO’ 681" S00° S61° Sz0° vo1” 80" |'*" Yepoy urUnSEH
€01’ 860" 860" 80" L60° $S0° L60° 7€0° Sotr” 001" 801" 180" 901" Y4 LOT” zs1e | rjuodng
[40% 670" 10’ 780" —| ST0° ST —| ST10° ¥€C —| 910° €81 —| 700" 060" —| 200" —| 060" —| ¥00" 1€0° |77 1[sh1g)
0" 691" —| 670" 0ST"—| TS0’ 8C1 —| #90° 8¢0" —| 8¢0° $00" —| 9€0° 00" £e0° 160° (4308 780" |77 TTTU[RRIS YIRE
660" 610" —| SSO° 00" —| LSO° G00"—| 6S0° 8¢0" —| T¥0" 870" —| 9%0° 10" —| 690" 101" LY0" 88T | T repuodruy
o1 870" €1 700" 891" 080" —| OLT" LSO —| 891" 10’ (43N 810" 891" 610" 0L1" 691" |* " "020BQO], "IPWY
(41 % 9.0 91" 1548 081" 1€1° (418 SeT” 681" eeT” 681" 8ST” 681" 91" 681" 0ST" |""'IPL B 'PL "Puy
0.0° 92T —| 1L0° 10" —| TL0° 6C1" —| $L0° LS0"—| 8L0° 880" —| SL0° €C1 —| SL0° 690" —| S80° 11" 7777 Tue) urdMRdWy
900" 418 800" 04T’ Sz0° €0¢” (40 |54 170° 0ge” 910" 81¢” €70° 80¢" §T0° 07 |""" " T ROy
160° 010" —{ ¥90° 200" —| 990" 800" 690" SO0T"—| 990° 0€0°—| €90° (4400 690" 480" 890" GST™ |' 7" TedIw_y) pINy

q q q q q d q d q d q A q d q d
0%0°0 $€0°0 0£0°0 §20°0 020°0 $10°0 010°0 $00°0 ALIINOIS
AZIG AALTIL

() A0IT0J ATOH-ANV-ANg V SIANA ANV () ZOOINHOT T
YILT THL YIANA ‘SNOISSININO)) TYOJTL ‘NYNLAY 40 STLVY 40 NOSIAVANO)D)

1 AIdV.L

229



60" | €50° | €60° | 00" 1.960° | 610" | 960" | LI0° | 960" | 800" | L60° | €10° | 00T | 610 —| 660" | TT0"—| """ 9femAy

€ST™ | SSO° | OST™ | T60° | IST" | 290" | €ST° | ¥60° | €ST° | 110" | €ST° | 0€0" | SPI° | 60 —| CTET" | T60 —| *" " "YIIOM[OOM\
W0 | 890" | 9€0° | STO°—| 6£0° | ¥TIO° | TSO" | 910" —| LSO" | €€0°—| 9%0" | ¥80 —| 80" | €80 —| 8F0" | 090 —| * " -9snoySunsopm
010" | 060" | ¥10° | ¥80" | 620" | STO’ 1€0° | 980" | ¥20° | 850" | ¥I0° | 6€0° | €10° | €20°—| ¥PIO" | 810" |7 UU[eRISSA
T10° | 860" —| LTIO" | 410" —| 910" | S¥0" | 810° I —| €10° | 8Z1 —| TSO" | 940" —| L¥0" | 0SO"—| ISO" | TOT " —| ~ " "3JeIdIly pajrup)
620" | 691" | T¥0" | 860" | 8%0° | C¥I' | 6¥0° | CC1' | OO | 9€0°—| 620" | SGO —| S€O° | LTI0° | ¥€O" | 6%0° | " °-9pIqie) uworun
$ST° | LSOT | 8ST™ | 190" [ 291" | €20 | 6ST° | 690" | ST | 8%0" | 9ST™ [ O¥PI" | T9L" | SOO" | I9T" | QL0° | """ """ " "00BXdq,
00" | €90°—| 8%0° I — 50" | €ST°—| 860" | 640" —| L2O" | €80 —| T€0" | 6€0° | 80" | 6%0 —| SEO° | €S0 —| """ ' ' '0) R MG
8%0° | COT'—| €%0° | LL0"—| 8%0" | ISO"—| 8%0" | TOO —| ¢SO" | 800" —| 4SO" | ¥CI —| 190" | #9T —| LSO" | STI" —| """ (L[ N) IO 'PIS
640" | 610" | T80° | €TI°—| 80" | 190" —| €40° | TS0 —| 780" | 880 —| €80 | SSO'—| 680" | ¥ET'—| 960" | 8TI —| " (IMED) IIO "PIS
€eC | 9¢1° [ 6CC | €91 | 6CC” | 16T | T€CT | 8LO0° | ¥ETT | TOT° | 1€ | T6LT | L¥T | 00T | 9%C" | 0zTT | UsIRdg
LIT° 1 691" | 9¢C" | 9ST" | €T’ | 061" | T’ | ¥TY" | SYT | 9LT" | TTT" | €9T° | 9T | €e1° | T | ISTT | Uolquen R 1930017
¥80° | 890" | 680" [ T90° | 060" | LSO" 060" [OST' |T60" | TYL | 880" | ¥60" | 960" | €¥0° | S60° | 920 —| ' SOUI[[-SUIM(Q)
180" | 1T —| 780" | ¥LO0 —| ¥60° | TTO —| 690" | €20°—| 790" | 100" | 690" | SL0'—| 690" | $90°—| 090" | LOT —| * " "O[IAUEI\ suyo[
8€0" | 890" | 0L0° | 100" | 620" | 0£0°—| LTO' | TEO'—| TIO* | 000" —| €10° | F¥O" | ¥I0" | 920" —| €10° | SO —| """ -Ioded “juy
SCI° | 1907 | 9€T° | 610" | L¥PT" | STO'—| 8YI' | 0SO"—| ¥ST" | OVO" | 8ST™ | 610" | ¥SI" | L¥O° | 09T | $TO" | * " " "IoYIN "3l
S9T° 1990° | 691" | $TO'—| €LT" | 941" —| €91 | %60 —| ¥9T" | 00" —| €91° | 900 —| €91 | ¥SO° | 691" | 9¢0" —| ' " "I9IsaAlef] “juf
‘880" | 920°—| 840" | 8I0° | S80° | 0SO° | 060" | TLO° |880° |9€0° | S60° | T90° | STT" | I¥E —| 0TI | S8¢ —| " " Iedkpoon
080" | SSO° | 00T" | STO" | 960" | LIO"—| L60" | 85O —| ¥60° | 860 —| S60° | STT —| 660" | LTI —| 660" | ST —| * ' "SIOJOJA [eIouan)
6€C” | 9T’ [ TST' | 9TT" | ¥ST' | 6¥CT | 8STT | LITT | 94T | €40° | 08T | 0L0° | S9T" | 190" | 9ST° | 8SO" | " 'SpoOJ] [BIdULD
0" | 980°—| 1SO° | 9TT'—[ 1S0" | 90" —| SO" | 100" —| LSO | 0SO" | 190" | T¥0" | 090" | ¥SO° | 0L0° | OT0" | """ "O9[H [eIoUdD
01" | %00°—| $OT° | %L0° [ OLT" | 600" | 89" [080" | 691" | 620" | 891" | OIL" | OLL" | 660" | TL1" | Tg1" | Yepoy uewjsey
¢L0° | 180" | %0 | TLO0T | ¥LOT | TILT | TLOT | S€0° | 6407 | €00° | 6.0° | €00° | 960" | 9L0° | 660" | 850" | v ccrcryuwodng
020" —| 850" | STO"—| 060" | TTO" |.L10" | €10° | 690" | 600" | #90° | OT0° | ¥SO* | 0CO" | 090 —| 810" | 00 —| """ " "Io[sL1y)
$10° 1 900" —| OTI0° | ¢¥%0° —| 810" | 6€0°—| STO" | ¥60° —| CTO" | L£O" —| $€O" | LTO" | 8€0" | €ST"—| 8€0" | €TT —| """ """ "[991S "HRg
€v0° | ¥ETT | 1€0° | SFO'—| ¥€0° | 601 —| IO | €ST° | SPO" | 49T —| 0SO" | 61T —| 0SO" | 420" —| TSO" | ¥20° | - """ "EpuodEUy
8YIT | L61° [ FOTT | L61° | 0LV | LITT | TLTT | TXTT | T9L° | 9617 [-OST° | TTO" | LST" | 0CTO —| 6ST" | 910" —| ' ~020®qOJ, "Jowry
86L° | LST™ | S6T° | €80° | €8T" | 611" | 98T" | /80" | O6T" | S8IT" | I8T" | 691" | ¥LI" | SET" |9L1" | €€1° | "'[BL R ‘[AL "BPwy
990" | 00T | 6S0° | 060" | 090" | 610" | 8S0" | 8%0" | 6S0° | L¥O'—| T90" | €€1°—| 650" | STI'—| 690" | CIZ —| " 'UBD UBOLOWY
110" —| S€1°—| S00° | AST"—| 610" | OL1'—| €20 | €80"—| OZO0" | S80 —| €20° | 80T" | STO" | 4£0" | 600" | Tgc™ | ~" ' " "' "eOOly
9tl" | €80° | 950" | SSO° | 690" | 6%0 —| 690" | €9T°—| 990" | 8T0 —| 9SO | €0 —| TSO" | 80" —| 0SO" | 920" | " '[EQIWRY) PaA[Y

qa C : C q d q d qa q q q 8 a4 q A
021°0 001°0 060°0 080°0 04070 090°0 050°0 §%0°0 ALTENDIS

FZIS AITLTI

ponuzod—T1 HIAVL

230



“T 9qEL 01 S9YON 10F £e-767 ‘dd 990G

TCL | ¥IC—| %907 | £20°—| $90° | S00°—| L60" | Lz0" | 860" | €%0° | 001" |9¢0° | o1’ |zp0 | 01" | 60" |vct "+ -a3er0Ay
RN R4 ~| VR0 1400 T Tr | 1o | ier | 160 [0 | e | oor |90t | o | e | B | Y L Gesoam
¥I0'—| ¥10°—| 190" | 190" | ITI" | TIT" | 8TL' | 8CL" | SLI° | SLT° | 00C |90 | 660" | 1€0°—| $€0° | 8€0" .|**" " -osnogySunsop
€70°—| €50°—| 110" | 110" | €S0° | LOT'—| 430 |ST0° | €80° |Z/0° | 600" |SET'—| ¢TI’ |9€0" [6I1° |T160° | * " " " 'PAS'ST
049" |09 —| 60" | 60C° | SLT —| LZ1'—| 800" | 991" —| €00° | $LI'—| 010" | €£1'—| 200" | 660" —| 910" | 290" —| " *3yesoary payusy
SR 950°—| 950" —| $00" | $00° | L0 | 060'—| §SO' | 200 —| 00" |ZZ0" | 080" | T.0° | 80" | SOT | °'-dpiqie) oy
oo | 280071950 7 JO0 V007|420 1 060, S - E O e S TN I OO [P OO S IOk ik At
RORN0S! RN 960" —| S60° | $T0" | 90" | IT1°—| S60° | 9S0'—| ¥80° | T10°—| 960" | 260 —| "' 0) R MG
e $82°—| 610" —| 19T —| §60°—| 940" —| 0£0"—| 150" —| S¥0" | 920" —| ¥%0" | %00 | " (['N)TIO ‘P3S
RNERt RNEN Ee 60" —| LEO" | 9¥1'—| 820" | OSI —| 120" | £90° —| 610" | 20" —| 6.0 | 600°—| " (‘7I¥D) 110 "PIS
YOTT | SPCT | 9910 | 97CT | ¥TTT | 06T | STt | 9tgT | OSTT | €bgt | OTT |ictiTTTrivsiesg
T 0cc’ | The’ | Tve | 8te | 6LLT | 06T | ¥6TT | eS¢ | 2T | ¥eT | Lgg | orqwen R 103001g
e $S0° | 690" | 1S0'—| £40" | 00" | ¥80° | 8€0°—| 8L0° | ¥£O' | 080" | €80° | " SloumI-suamQ)
e 890" | 00T | 00" | I€T" | €607 | ¥HT° | €20 —| ¥ST' | €0° | 661 —| PET —| * " "OqAuely suyo[
9IT'—| %00 | T#0'—| 190" | 200" | 290" | T€0' |S90° | 900 —| 670" | STO° | ccirzedeq yur
T DT errt | 8ert | 8Tt | TRLT | 4610 | SSTT | 6F1° | €607 | 8TI | 601 | 160" |7t [ONIN Ul
ittt eIe | 10T | IEDT | $60° | S€TT ezt [ 9pLT | TSt | €STT | 607 | Ioiseareqy jul
TL0" 1 060°—| 980" | £00" | 00T | €80° | 690 |8%0 —| 180" | SO —| 880" | €90 —| "'’ I1eakpoos
Tl 89T | $60°—| $90° | 080°—| 680° | 8S0°—| 180T | TI0° | L60° | £8¢ —| " *"SI0JO [eIouSD
0S¢’ | 0ST. | 0L |0l |OFz | €8T |sec |16c |9sT' | 608 | Ovc | Tee' | " spoog [ewusH
¢L0' | LI0'—| 080" | 2SO —| LSO' | SET'—| 9%0° | 790" —| €50 | T00'—| S¥0° | S¥OT | 29[ [e19UD)
ser | STt | e9e | 29¢ | TSI | SOT | 89T | 801 |T9T° | 190" | 291" | 290" |’ yepoy ueunseqy
ITI | 8IT"—| 60" | €60°—| 8.0° | 800" | T/0° |2€0' |0L0° |8SO° | 490" |<op" |~ - o *“juodng
2€0°—| THI'—| 110" | 640" —| 200" —| 160 —| $00° —| €TT"—| 600" —| 6%0 —| 110" —| §90"—| """ """ " *1[s£q)
800" ~—| 8ST'—| 100" | 0L0°—| T€0' | 120" | €50 | 90" | S¥O' | TLO" | €60° | 60 —| """ oIS UG
¥00° | 090" —| 960" | 620" | 650" |ZOI" | €L0° | 00" | 180" | ¥H0 —| 660" | sO" | " "epuodTUy
VLY | VLU €6 | €610 |81z |81zt |€te | €t |6eT | 6ce | sTit | Tggs |- -ooveqog mwmy
....... CUUtlESTT BT [ 6§10 | 68T | S8TC | S8TT | L61° | L61° | €81° | T61° | PPL B PI “Pwy
00— 091" —| €10°—| $90°—| S10°—| 100" | 10" —| 920" | 10" | ¢L0° | S€0° | 080" | *° - ueD ueopemy
L¥0'—| TIL'—| 050" —| 100" | 8£0°—| STO'—| 60" —| 0SO" | 950" —| 691 —| 220 —| z80" —| """~ """ " ®wooy
L80° | 1€0° | 280" | £90° | TOL° | 960" | €Tl | LPO'—| 6T | SL0°—|STI" | £10°—| " [wormOuD payIy
q a q q q C g a q a q a q a q kS
00S°0 00%°0 00€°0 0¢Z'0 00Z°0 081°0 091:0 0%1°0 hAe: fololc i

FZIS AL

pamunuoy—1 A'T4VL

231



232

THE JOURNAL OF BUSINESS

NOTES TO TABLE 1

In applying the filter technique, the data
determine whether the first position taken
will be long or short. With an x per cent
filter, an initial position is taken as soon as
there is an up-move or a down-move (which-
ever comes first) where the total price
change is equal to or greater than x per cent.
The position is assumed to be taken on the
first day for which the price change equals or
exceeds the x per cent limit. Any positions
open at the end of the sampling period are
disregarded. Thus only completed transac-
tions are included in the calculations.

The closing price on the day a position is
opened defines a reference price: a peak in
the case of a long transaction and a trough
in the case of a short transaction. On each
subsequent day it is necessary to check
whether the position should be closed, i.e.,
whether the current price is x per cent below
the reference (peak) price in a long position
or x per cent above the reference (trough)
price if the open position is short. If the cur-
rent position is not to be closed, it is then
necessary to check whether the reference
price must be changed. In a long position
this will be necessary when the current price
exceeds the reference price so that a new
peak has been attained, whereas in a short
position a new trough will be defined when
the current price is below the reference
price. Of course, when the reference price
changes all subsequent testing uses the new
value as base.

On ex-dividend days the reference price
is adjusted by adding back the amount of
the dividend. Such an adjustment is neces-
sary in order to insure that the filter will not
be triggered simply because the stock’s price
typically falls on an ex-dividend date. In
addition, if a split occurs when a position is
open, the price of the security subsequent to
the split is adjusted upward by the appropri-
ate factor until the position is closed.

With this background discussion we shall
now consider the rate-of-return calculations
summarized in Table 1. The following are
the basic variables in the calculations:

P{? = the closing price of security 7 for the
day on which transaction ¢ for filter
1 was initiated.

I{? = the total dollar profit on transaction
¢ of filter 2 when applied to security
7. The profits are capital gains plus
dividends, which are positive for
long transactions and negative for
short transactions.

n{# = the duration in terms of total trad-
ing days of transaction ¢ for filter ¢
when applied to security j.

N{? = the total number of trading days
during which positions were open
under filter ¢ when applied to securi-
ty j. Thus

TE—j )

N = 2,

t=1

where T¢? is the total number of
transactions initiated by filter ¢ for
security j.

79 = the rate of return with daily com-
pounding on transaction ¢ of filter ¢
when applied to security j. It is
computed as

PPN+ = PP+ 17

7{? = the over-all rate of return with daily
compounding provided by filter ¢
when applied to security j. It is

computed as

Tij) (3y,1/N)

r(i:)=§ H [1+r%)]nu % i
t=1

R{? = the nominal annual rate of return
for filter ¢ when applied to com-
pany j. It is computed as

R = 260r(9 .

R$? are the returns shown for the
filter technique (F) in Table 1.

»R{? = the nominal annual rate of return
from buy-and-hold during the time
period for which filter ¢+ had open
positions in security j.

3RS = 260 1737,
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NOTES TO TABLE 1—Continued

where ;¢ is defined as
7))

. : i )
=TT U1+, P07
t=1

1

where w7\ = 7{? if the correspond-
ing filter transaction is long, and
wi? = —ri? if the corresponding
filter transaction is short. sR\ are
the returns reported for the buy-

and-hold policy (B) in Table 1.

security and filter size, the annual re-
turns, adjusted for dividends but not for
brokerage fees, under both the filter
technique and a simple buy-and-hold
policy. For each security and filter size,
buy-and-hold returns are computed only
for the period during which active posi-
tions are open under the filter rule, which
requires that multiple buy-and-hold fig-
ures be reported for each security. The
exact procedure used to compute the re-
turns is discussed in the note to Table 1.

Table 1 presents only a small fraction
of the results of this study. For example,
returns under the filter technique have
been computed in many different ways:
gross and net of brokerage fees, with and
without dividends, etc. Since presenting
all the empirical work would require a
small book of tables, we shall be con-
strained to concentrate on summary ver-
sions of the results—summarized by
security and by filter size. Table 1 pre-
sents the most important of the basic re-
sults in full detail, however, and permits
the reader to verify conclusions that will
be drawn from the summary statistics.

A. ANALYSIS OF RESULTS BY SECURITY

Table 2 summarizes the filter results
by security. For each security the table
shows average returns per filter under
both the filter rule and the buy-and-hold

This roundabout procedure for comput-
ing buy-and-hold returns is necessary to in-
sure that the buy-and-hold returns cover
exactly the same time periods and are com-
puted on exactly the same basis as the re-
turns under the filter technique.

Finally, it should also be noted that the
results for the largest filters are probably not
reliable since for these filters the number of
transactions is very small. Cf. Table 3.

policy. The reported returns are vari-
ously adjusted for dividends and for
commissions.

When commissions are taken into ac-
count the largest profits under the filter
technique are those of the broker. Only
four securities (American Tel. and Tel.,
General Foods, Procter & Gamble, and
Sears) have positive average returns per
filter when commissions are included
(col. [2]). When commissions are omitted,
the returns from the filter technique (col.
[1]) are, of course, greatly improved but
are still not as large as the returns from
simply buying and holding. Comparison
of the profits before commissions under
the filter technique (col. [1]) and under a
buy-and-hold policy (col. [6]) indicates
that, even ignoring transactions costs,
the filter technique is inferior to buy-and-
hold for all but two securities: Alcoa and
Union Carbide.

This last result is inconsistent with
some of Alexander’s latest empirical work
[2, Tables 1 and 2]. When commissions
are omitted, Alexander finds that the fil-
ter technique is typically superior to a
buy-and-hold policy, at least for the pe-
riod 1928-61. A bias in Alexander’s com-
putations, however, tends to overstate
the actual profitability of the filter tech-
nique relative to buy-and-hold. This bias
arises because using common price in-
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TABLE 2*
NOMINAL ANNUAL RATES OF RETURN BY COMPANY: AVERAGED OVER ALL FILTERS
AVERAGE RETURNS BREAKDOWN OF AVERAGE Buy Ap Hob | PROFITABLE FILTERS/
Apj. Tor DIVDS. Cor. (1) RETURNS RETURNS NOT ToTtAL FILTERS:
Apj. For Comm. Apj. For Di1vDps.
SECURITY
Not Adj. Adj. Not Adj. Adj. Not Not Adj. Adj.
for for Long Short for Divds. for Adj. for for for
Comm. Comm. or Comm. | Divds. | Divds. Comm. Comm.
(1) (2) 3) 4) (s) (6) (7) (8) 9)
Allied Chemical . ..| —.0079| —.2371] .0486] —.1453| —.0221 .0712] .0384 9/23 4/23
Alcoa............ .0664| — .1388| .0744 .0627 .0643 |—.0064|—.0224 13/24 4/24
American Can..... —.0489| —.3022 .0052| —.1347] —.0639 .0507| .0061 9/22 6/22
Amer Tel. & Tel.. .. .1410 .0581] .2156| —.0727 L1221 .1824| .1484| 21/21 17/21
Amer. Tobacco. . .. .1095| —.0491| .1706] —.0724 .0814 .1704| .1307| 18/23 12/23
Anaconda......... —.0170| —.3091| .0398| —.1069| —.0255 .0540( .0125 8/23 4/23
Beth, Steel........ —.0459| —.3214|—.0100] —.1282| —.0733 .0283|—.0266 7/23 3/23
Chrysler.......... —.0609| —.3695(—.0598| — .0643| — .0645 .0017{—.0311 8/23 2/23
Dupont........... .0512| —.0164| .1135] —.0605 .0431 .0889] .0348| 20/22 12/22
Eastman Kodak. .. .0757| —.0649 .1786] —.1761 .0653 .1756| .1555| 21/22 12/22
General Elec....... —.0125| —.1963| .0394| —.1079| —.0237 .0576| .0285 9/23 1/23
General Foods.. ... .1740 .0103| .2780] —.0621 .1607 .2509| .2283| 23/23 12/23
General Motors....| —.0581| —.3420] .0337| —.1868| —.0708 .0956/ .0500 7/21 1/21
Goodyear......... —.0538] —.3501} .0179] —.1942| —.0731 .0843| .0467| 10/23 2/23
Int. Harvester..... —.0274]{ —.3474| .1020| —.2624| —.0410 .1677) L1192 7/21 6/21
Int. Nickel........ .0776] —.0843| .1517| —.0895 .0632 L1395 .1104| 20/22 7/22
Int. Paper........ .0167| —.1654| .0346| —.0178 .0026 .0193|—.0238| 13/23 2/23
Johns Manville. ...| —.0576] —.3577| .0157| —.2302| —.0707 .0878| .0497 7/23 5/23
Owens-Illinois. . . . . .0056] —.1584| .0763| —.1401| —.0010 .0958 .0679 12/22 10/22
Procter & Gamble. . .1847 .0480| .2736] —.0459 .1720 .2193| .1966| 23/23 15/23
Sears............. .1903 .0069| .2772| —.2014 .1735 .2396| .2154| 22/22 16/22
Std. Oil (Calif.)....| —.0756] —.3405| .0018] —.1911] —.0915 .0748| .0302 3/22 0/22
Std Oil (N.].).....| —.0818] —.3020|—.0314| —.1670| —.0963 .0432(—.0033 2/22 0/22
Swift & Co........ —.0542| —.3793|—.0028| —.2098| —.0623 .0553( .0095 4/22 1/22
Texaco........... .0605| —.1516] .1828/ —.3054 .0410 .1710] .1349| 16/20 4/20
Union Carbide. . . . .0649| —.0335] .0909| —.0031| ..0533 .0421| .0133| 18/23 9/23
United Aircraft....| —.1117| —.4478|—.0459| —.1500{ —.1166 .0578| .0066 1/24 0/24
U.S. Steel......... .0264| —.1622| .0467] —.0433 .0135 .0303|—.0087| 18/24 7/24
Westinghouse. . . . . —.0186] —.2804 .0177| —.1164| —.0305 .0610] .0338 9/24 7/24
Woolworth:....... .0414| — .1491| .1296| —.2158 .0267 .1472( .1080{ 16/22 10/22
Average........ .0185| —.1978| .0822( — .1279 .0032 .0086| .0620{12.5/22.5|6.4/22.5
* See Notes to Table 2.
NOTES TO TABLE 2
The numbers in columns (1), (2), and 24
(5) are average returns per filter under dif- ZR(if)
ferent assumptions concerning what is in- Ry =

cluded in computing dollar profits on indi-
vidual transactions. The returns in column
(2) are adjusted for both dividends and
brokerage fees; those in column (1) are ad-
justed only for dividends; while those in
column (5) are not adjusted for either divi-
dends or commissions. The general formula
for computing the average return per filter is

NGO

where S@ is the number of filters that re-
sulted in completed transactions in securi-
ty j andR!? is the return from filter ¢ when
applied to security j. RS = 0 for security j
if the 4th filter resulted in no completed
transactions. The general procedure used in
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computing the R!? is discussed in the Notes
to Table 1.

Columns (6) and (7) of Table 2 show the
average returns per filter from buy-and-
hold. The returns in column (7) do not in-
clude either dividends or brokerage fees,
while those in column (6) include only divi-
dends. The general formula used in comput-
ing average returns per filter from buy-and-
hold is '

24
ORLC
=1

() = ———
R S@

b

where ,R{? is the rate of return from buy-
and-hold during the time period for which

dices makes it impossible to adjust
properly for dividends. Under a buy-
and-hold policy the total profit is the
price change for the time period plus any
dividends that have been paid. Divi-

dends simply increase the profitability of

holding shares. Under the filter tech-
nique, however, the investor alternates

between long and short positions. In a

short sale the borrower of the securities
typically reimburses the lender for any
dividends that are paid while the short

position is outstanding. Thus adjusting’

for dividends will reduce the profitability

of short sales and thereby reduce the’
profitability of the filter technique rela-

tive to buy-and-hold.

The size of the bias introduced by-

omitting dividends from the calculations
can be seen by comparing returns before
commissions under the filter technique

and under the buy-and-hold policy, first.

for the case where the calculations are

properly adjusted for dividends and second
for the case where they are not. In our,
results adjusted for dividends (cols. [1]and"

[6] of Table 2) the filter technique only
surpasses the buy-and-hold policy for
two securities: The difference between the
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filter 4 resulted in open positions in security
j. sR? = 0 for security 7 if the ith filter
resulted in no completed transactions. The
procedure for computing the uR{” is dis-
cussed in the Notes to Table 1.

Columns (3) and (4) of Table 2 show the
average returns per filter separately for long
and short transactions. Although the returns
in columns (3) and (4) are computed in the
same way as those in column (1), it is im-
portant to note that the returns in column
(1) are not a simple average of the returns
on.Jong and short positions. In order to use
columus (3) and (4) to compute the returns
in column (1), it is necessary to know the
number of days that long and short positions
are open.

average return for all securities under the
filter technique (.0185) and the average
return from buy-and-hold (.0986) is 8.01
percentage points. On the other hand,
when dividends are excluded (col. [5] and
[7] of Table 2), average returns per filter
for five securities are greater than the
corresponding returns provided by buy-
and-hold: The difference between the
over-all average return under the filter
rule (.0032) and the average return from
buy-and-hold (.0620) is 5.9 percentage
points. Thus adjustment for dividends
increases the average advantage of buy-
and-hold over the filter technique by at
least 2 percentage points. If such an ad-
justment were applied to Alexander’s
data, it would probably account for much
of the favorable showing of the filter
rule.®

3 Another possible explanation of the differences
between Alexander’s results and ours is that there
may be ‘“dependence” in successive changes in a.
price index, even though successive price changes in
the individual securities of the index are independ--
ent. This spurious dependence in index changes arises
from lack of synchronization in the trading of indi-
vidual securities in the index. The reasoning is as
follows: Suppose there is a market factor which

affects the behavior of all securities. When there is
a‘change in the market factor, the prices of individu-
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The breakdown of returns before com-
missions for long and short transactions
adds further evidence that the simple
filter rule probably cannot be used to in-
crease expected profits. Column (4) of
Table 2 makes it clear that the short po-
sitions initiated by the filter rule are usu-
ally disastrous for the investor. Only one
security, Alcoa, has positive average re-
turns per filter on short transactions. For
all securities, the average return on short
transactions is —.1279, while the average
return from buy-and-hold is .0986.

On long positions thirteen securities
have greater average returns per filter
(col. [3]) than the corresponding returns
from buy-and-hold. Averaging over-all
securities, the return on long transactions
under the filter technique is .0822 while
that from buy-and-hold is .0986. Thus
even if the filter technique were restricted
to long positions, it would not consistent-
ly outperform the buy-and-hold policy.*

al securities have also implicitly changed. All securi-
ties will not trade at precisely the time of the change
in the market factor; thus for some securities the
effect of the change on reported prices will only be
recognized with some lag.

If successive changes in the market factor are
independent, this lag in the adjustment of reported
prices will not in itself produce positive dependence
in successive price changes for individual securities.
This is not true, however, for an average of, say,
daily “closing” prices of a sample of individual secu-
rities. If the “closing” prices are really the prices on
the last trade of the day, yesterday’s “closing” price
for some securities will not fully reflect all of yester-
day’s movement in the market factor since some
securities will not have traded at exactly the end of
yesterday’s trading period. This means, of course,
that the price changes today for such securities will
be affected by yesterday’s changes in the market
factor, which in turn will tend to introduce persist-
ence in successive changes in the average.

This line of reasoning was first suggested by Pro-
fessor Lawrence Fisher. A more complete discussion,
along with some empirical results, is provided in
Fama [5, pp. 296-98].

4 Even on extremely close scrutiny Table 2 does
not yield evidence of dependence. For example, the
average returns before commissions under the filter
technique (col. [1]) are positive for fifteen securities
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B. ANALYSIS OF RESULTS BY FILTER

Although analysis of the filter results
by security has not produced evidence of
important dependence, this may not be
conclusive. For example, even though the
filter technique in general does not do
better than a simple buy-and-hold pol-
icy, some filters may be consistently
better than others and indeed better than
buy-and-hold. This along with other pos-
sibilities will now be examined.

Table 3 shows the average returns per
security provided by each of the different
size filters. From column (2) it is evident
that when brokerage fees are included
none of the filters consistently produce
large returns. All filters below 12 per cent
and above 25 per cent produce negative
average returns per security after com-
missions. Although filters between 12 per
cent and 25 per cent yield positive re-
turns, they are small when compared to
.0986, the average return for all securities
from a buy-and-hold policy. These re-
sults support the conclusion that the fil-
ter technique cannot be used to increase
the expected profits of the investor who
must pay the usual brokerage commis-
sions.

Although the random-walk model is
adequate for the average investor, close
scrutiny of Table 3 indicates that there
are very slight amounts of both positive
and negative dependence in the price
changes. Note that if successive price
changes conformed strictly to the ran-

and negative for fifteen. Col. (8) shows, for each
security, the ratio of number of profitable filters to
active filters. For fifteen securities, over half of all
active filters for each security show positive returns,
while for the other fifteen securities less than half of
all the active filters are profitable. The average num-
ber of profitable filters for all securities is 12.5 while
the average number of active filters is 22.5. Thus the
ratio of profitable to active filters is slightly greater
than one-half. But this discrepancy is not surprising
since the securities do not in general follow driftless
random walks.
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dom-walk model, the average returns per
security on long positions should be ap-
proximately equal to the average returns
from buy-and-hold while the average re-
turns on short positions should be ap-
proximately equal to the negative of the
average returns from buy-and-hold.’ In
Table 3, however, for three filter sizes,

% In a random walk with positive drift, long posi-
tions will be open for longer periods than short
positions. Thus, although the expected rate of return
from short positions is just the negative of the ex-

pected return on long positions, the net expected
return from the filter will be positive.
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0.5, 1.0, and 1.5 per cent, the average re-
turns per security on long positions (col.
[3]) are greater than the average return
from buy-and-hold, .0986. For the same
filter sizes the losses on short positions
are smaller than the gains from buy-and-
hold. The returns on both long and short
positions, however, fall dramatically as
the filter size is increased.

This behavior of the returns on the
smallest filters is evidence of persistence
or positive dependence in very small
movements of stock prices. The results

TABLE 3*
NOMINAL ANNUAL RATES OF RETURN BY FILTER: AVERAGED OVER ALL COMPANIES
AVERAGE RETURN BREAKDOWN OF AVERAGE
RETURN PER SECURITY
PER SECURITY
BEFORE COMMISSIONS No. or Pror-
ToTAL
FILTER s ITABLE TRANSAC-
ECURITIES
Before After L PER FILTER TIons
A i ong Short
Commissions Commissions
(1) 2) @A) 4) (5) (6)
0.005........... L1152 —1.0359 .2089 .0097 27/30 12,514
010......... .. .0547 — .7494 .1444 —.0518 20/30 8,660
015, ..., .0277 — .5614 .1143 —.0813 17/30 6,270
.020......... .. .0023 — .4515 .0872 —.1131 16/30 4,784
L0250 —.0156 — .3732 .0702 —.1378 13/30 3,750
.030........... —.0169 — .3049 .0683 —.1413 14/30 2,994
035.. ...l —.0081 — .2438 .0734 —.1317 13/30 2,438
.040........... .0008 —..1950 .0779 —.1330 14/30 2,013
045, ... ... —.0117 — .1813 .0635 —.1484 14/30 1,720
050, ...t —.0188 — .1662 .0567 —.1600 13/30 1,484
.060........... .0128 — .0939 .0800 —.1189 18/30 1,071
070, ... .0083 — .0744 .0706 —.1338 16/30 828
.080........... .0167 — .0495 .0758 —.1267 15/30 653
090, ... ..l .0193 — .0358 .0765 —. 1155 17/30 539
.100.. ... .0298 — .0143 .0818 —.1002 19/30 435
1200000 .0528 .0231 .0958 —.0881 21/30 289
140,000 ... .0391 0142 .0853 —.1108 19/30 224
160, .. ...l .0421 0230 .0835 —.1709 17/30 172
L180. ... .0360 0196 .0725 —.1620 17/30 139
2200, .. ..... .. .0428 .0298 .0718 —.1583 20/30 110
250 ...l .0269 .0171 .0609 —.1955 15/29 73
L300, ........ .. —.0054 — .0142 .0182 —.2264 12/26 51
.400........... —.0273 — .0347 —.0095 —.0965 7/16 21
0.500........... —.2142 — .2295 —.0466 —.1676 0/4 4

* Cols. (1) and (2) show the average returns per security provided by each of the different filters. The figures in col. (2) are

adjusted for both dividends and commissions, while those in col.
notation of the Notes to Table 1, is

(1) are adjusted only for dividends. The general formula, in the

30
R= SRO/F,

i=1

where Rf") is the return fron'_x filter £ when applied to security j, and F; is the number of securities that had at least one complete
transaction under filter i. R® is considered zero for security j if the ith filter resulted in no computed transactions.
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indicate that the conditional probability
of a positive (negative) change tomor-
row, given a positive (negative) change
today, is greater than the unconditional
probability, but the effect of today’s
change on subsequent changes decreases
very rapidly as one predicts further into
the future. In this model the best way to
utilize the dependence in the changes is
to transact frequently, which is in effect
what happens with the smallest filters.

On the other hand, there is also evidence
in Table 3 of negative dependence in inter-
mediate size-price movements. No filter
larger than 1.5 per cent produces an
average return per security on long posi-
tions greater than the average return
from buy-and-hold, and the returns on
long positions fall fairly steadily up to a
filter size of 5 per cent. Similarly, for filter
sizes greater than 1.5 and less than 12 per
cent the average losses on short positions
are greater absolutely than the average
return from buy-and-hold.® These results
suggest that for values of x greater than
1.5, when the price level of a security has
moved down (up) « per cent, the condi-
tional probability that it will move down
(up) « per cent further before it moves up
(down) x per cent is lower than the un-
conditional probability. Or in other
words, the average duration of interme-
diate size-price movements is shorter
than would be predicted under a pure
random walk.

The question that now arises, of
course, is whether either the positive de-
pendence in extremely small price moves
or the negative dependence in larger
moves can be used to increase expected
profits. The nature of the positive de-
pendence in the price series suggests two
possible trading procedures that would

6 The results for the largest filters are probably
not reliable sirice the number of transactions per
security is very small.
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seem to produce greater expected profits
than a simple buy-and-hold policy, at
least for the floor trader who does not
pay the usual brokerage fees. First, one
could operate a 0.5 per cent filter, open-
ing and closing long and short positions
whenever such actions were signaled by
the filter rule. Second, one could operate
only the long positions triggered by the
0.5 per cent rule. With such a small filter,
signals to open new long positions in
some securities will usually occur very
soon after receiving signals to close posi-
tions in others. Thus, if one follows the
policy of investing all available funds in
the security which triggers the next open
position, capital should not be idle for a
very large proportion of the time.

“Yet because of out-of-pocket transac-
tions costs which even the floor trader
cannot avoid, neither of these policies
can outperform buy-and-hold by any
significant margin. The most important
of these transactions costs is the clearing-
house fee which varies according to the
price of the stock but averages approxi-
mately 0.1 per cent on each complete
transaction (i.e., purchase plus sale or
sale plus purchase). For our thirty se-
curities and dcross a time period of ap-
proximately five years the 0.5 per cent
filter initiated 12,514 transactions. This
is an average of eighty-four transactions
per security per year. The clearinghouse
fees alone from this many transactions
will reduce the average annual return per
security from the 0.5 per cent filter by
about 8.4 percentage points, which is
more than sufficient to push the returns
from the simple filter rule below those of
a buy-and-hold policy.”

7 Because it neglects the effects of discounting,
however, this rough and ready adjustment for clear-
inghouse fees slightly overstates the effects of such

fees on filter returns. For example, the clearinghouse
fee incurred when a position is closed should be dis-
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Let us now consider the policy of oper-
ating only the long positions initiated by
the 0.5 per cent filter. If one succeeded in
remaining fully invested nearly all of the
time, the clearinghouse fees would be
about as large as under the simple filter
technique.® Thus taking only clearing-
house fees into account causes the aver-
age return per security from this modi-
fied filter rule to fall from .209 to .125,
which is still about 2.5 percentage points
in excess of the average return from the
buy-and-hold policy, .0986.

There are other factors, however,
which indicate that even the modified fil-
ter rule would not in practice be better
than a simple buy-and-hold policy. First,
the .209 annual average rate of return per
security on long positions is computed
under the implicit assumption that funds
are never idle. In restricting oneself to
long positions, however, even with a 0.5
per cent filter some funds will be idle part
of the time, and this will reduce the re-
turn under the filter rule.® Second, since
the filter rule is more complicated than a
buy-and-hold policy, it will be more ex-
pensive to operate (e.g., costs of search,
etc.). Finally, if the filter is allowed to
trigger only long positions, in order to
minimize the amount of time that funds
are idle it will be necessary to follow
closely the price movements of many se-

counted back to the point in time when the position
was opened. With the smallest filters, however,
positions are open for such short periods of time (an
average of about three days per transaction for the
0.5 per cent filter) that proper discounting of the
fees would have little effect.

8 In this refinement of the filter technique, when
a long position is closed in one security, the proceeds
from the sale of the stock are used to increase the in-
vestment base for the next long position that the
filter signals for some other security. Thus, although
only half as many transactions are triggered as under
the simple filter rule, the average investment per
transaction is twice as large, so that the clearing
house fees under the two policies would be almost
equal.
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curities. In practice this will probably
mean that to better the chances of get-
ting in and out at the proper times, it will
sometimes be necessary to place orders
with specialists. Since the floor broker-
age fees of the specialist are almost twice
as large as clearinghouse charges, this
alone will probably be sufficient to erase
any remaining advantage of the filter
rule over buy-and-hold.

We now wish to determine whether the
negative dependence that is evident in
the results for the intermediate and
larger size filters can be used to increase
expected profits. As noted earlier, for fil-
ter sizes larger than 1.5 per cent, average
returns per security on long positions are
less than the average return from buy-
and-hold; thus the long signals for these
filters should be ignored. On the other
hand, for filter sizes larger than 1.5 per
cent average losses on short positions ex-
ceed in absolute value the average re-
turns from buy-and-hold; and up to a
filter size of 5 per cent, the losses on short
positions rise as the filter size is increased.
This suggests that we pick a filter, say 5
per cent, and watch only for short sig-
nals, operating them in reverse (i.e., go
long when the filter signals a short posi-
tion). To go long when a short signal is
received has the effect of reversing the
signs of the returns from short positions.
Thus the negative annual average return

9 For a given security and filter size, the “annual”
rate of return on long positions is.computed by first
finding the rate of return with daily compounding
on long positions and then multiplying this daily
rate by the number of trading days in the year. For
a given filter size the average “annual” rate of return
per security on long positions is just a simple average
of the “annual” returns for each security. Since long
positions, of course, are not continuously open in a
single security, this procedure implicitly assumes
that when a position is closed in some security the
funds can be immediately reinvested at the average
return on long positions for all securities. In fact,

however, this will not be the case since immediate
reinvestment will not always be possible.
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of —.160 on the short positions of the 5
per cent filters becomes a positive return
of the same magnitude. This compares
with the average return on buy-and-hold
of .0986.

In practice, however, it is unlikely that
this modified reverse filter rule would
have any advantage over the buy-and-
hold policy. First, clearinghouse fees
would reduce the annual returns from the
filter rule by about 1 percentage point.
Second, the .160 average return per se-
curity that comes from operating. the
short signals of the 5 per cent filter as
long signals implicitly assumes that
funds are never idle. With a 5 per cent
filter, however, funds will probably be
idle a substantial fraction of the time
even if we apply the filter rule to many
securities and follow the policy of invest-
ing all available funds in the next se-
curity for which a position is signaled.
Finally, if in order to minimize the time
during which funds are idle the filter rule
is applied to many securities, it will prob-
ably be necessary to place many orders
with specialists. Specialists’ commissions,
of course, will further reduce the returns
from the reverse filter rule.!

Thus if the costs of operating different
versions of the filter rule are considered,
it seems that even the floor trader cannot
use it to increase his expected gains ap-
preciably. Since the marginal transaction
costs of the floor trader are the minimum
trading costs under present institutional

10 From the results in Table 3 it would seem that
using short signals to initiate long positions would
be even more profitable for the very largest filters
than for the 5 per cent filter, especially since transac-
tions costs will be very low for these filters. This cost
savings, however, is probably more than counter-
balanced by the fact that the proportion of time
when funds are idle will be greater for the larger
filters. That transactions are infrequent for the larg-
est filters is a very mixed blessing, since it means that

funds received when positions are closed may stand
idle for long periods.
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arrangements, our results also indicate
that the market is working rather effi-
ciently from an economic viewpoint. In
conclusion, there appears to be both posi-
tive and negative dependence in price
changes. The order of magnitude of the
dependence is so small, however, that our
results add further to the evidence that
for practical purposes the random-walk
model is an adequate description of price
behavior.

This concludes our discussion of the
practical economic implications of the
filter tests. The next and final section of
the paper will be concerned with the
more esoteric statistical implications of
the empirical results.

III. THE FILTER RULE AND THE SERIAL
CORRELATION MODEL: A COMPARISON

A major reason for studying the filter
rule arises from the fear that the depend-
ence in price changes is of such a compli-
cated form that standard statistical tools,
such as serial correlations, may provide
misleading measures of the degree of de-
pendence in the data. We shall now see,
however, that for our samples this does
not seem to be the case; the rather strong
correspondence between the filter results
and serial correlation tests indicates that,
if indeed the serial correlations fail to
uncover some of the dependence in the
changes, this same dependence has also
remained hidden from the scrutiny of the
filter tests.

In another study [4, pp. 72, 73] one of
the authors has computed serial correla-
tion coefficients for the data used in this
report. The first-order coefficients for the
daily price changes of the individual se-
curities are positive in twenty-two out of
thirty cases, and the average value of the
coefficients is .026. Such results are en-
tirely consistent with the small degree of
persistence on a very short-term basis
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that was uncovered by the filter tests.
Similarly, for four- and nine-day price
changes the first-order serial correlation
coefficients are negative in twenty-one
and twenty-four out of thirty cases.
Again, however, the coefficients are ex-
tremely close to zero; for the four- and
nine-day changes the average values are
—.038 and —.053, respectively. These
results are entirely consistent with the
small degree of negative dependence in
intermediate size price movements that
was uncovered by the filter results.'t

11 In fact, there are indications that the relation-
ships between the filter results and the serial correla-
tions are even more formal than is implied by the
discussion in the text. The rank correlation between
the first-order daily serial correlations for the differ-

ent securities and the returns before commissions
from the 0.5 per cent filter is .76. Thus the small
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Even though standard statistical tools
such as serial correlations cannot provide
exact estimates of the expected profits
from mechanical trading rules such as the
filter technique, the discussion above
suggests that for measuring the direction
and degree of dependence in price
changes, the standard tools are probably
as powerful as the Alexandrian filter
rules.

degree of persistence in very small price movements
affects the serial correlations in the same direction
as the filter results. For the different securities, the
rank correlation between the first-order serial cor-
relations for four-day price changes and the returns
before commissions on the 5 per cent filter is .45.
Although the formal relationship between the filter
results and the serial correlations is not as strong for
the intermediate size price movements, there is still
a definite correspondence between the results pro-
vided by the two measures.
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