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ABSTRACT

This paper investigates the reported relative mispricing of primes and scores to the
underlying stock. Given transaction costs, we establish arbitrage-based bounds on prime
and score prices, We then develop a new nonparametric statistical technique to test
whether prime and score prices violate these bounds. We find that prime and score
prices do exceed stock prices, and often by a considerable amount. We demonstrate that
this increased value is most likely due to the score’s ability to save on the costs of
dynamic hedging. We also show how short sale and trust size constraints impede the
ability to arbitrage price disparities.

IN AN EFFICIENT MARKET the price of a security reflects the value of its underlying
assets. It should not be possible, therefore, to create value simply by splitting a
security into different parts. Since the underlying assets are unchanged, the
packaging of the cash flows should not matter. The recent introduction of primes
and scores suggests that this is not always the case. By separating a security’s
cash flows into a dividend-based component (the prime) and an appreciation or
option-based component (the score), developers of these securities have seemingly
created two assets whose value separately exceeds that of the original stock.
Since the prime and the score are based on the same underlying asset, this raises
a puzzling question about the actual efficiency of securities markets.

This paper investigates this anomaly by examining whether primes and scores
are actually “mispriced” and, if so, why. Given the costs of transacting in the
prime, score, and stock, we establish bounds on prime and score prices that are
consistent with no arbitrage opportunities. We then develop a new nonparametric
statistical technique to test whether prime and score prices violate these bounds.
This nonparametric procedure is designed both to confront the measurement
error problems plaguing the literature (i.e., nonobservable bid/ask prices and
nonsimultaneous prices; see Phillips and Smith (1980), Bhattacharya (1983), and
Bookstaber (1981)) and to avoid the estimation of round trip transaction costs
(commissions).

We find the surprising result that prime and score prices exceed the price of
the underlying stock, often by a considerable amount. Using time-series data, we
demonstrate that significant price differentials exist for each firm in our sample.
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We then investigate whether these price differentials are consistent with the
existence of arbitrage opportunities. We show that, while transaction costs
generally preclude such opportunities for the average trader, this is not true for
traders subject to lower costs. One limit to any arbitrage profits, however, is the
small daily volume of trading in primes and scores. We also show how short sale
constraints and limits on the size of the trust may restrict the ability to arbitrage,
leaving prime and score prices free to deviate from the underlying stock price.

One question suggested by these results is why primes and scores should be
overpriced in the first place. We examine three alternative explanations for this
price behavior. Specifically, we investigate whether a market completeness, a
transactions cost, or a tax-based argument can explain why primes and scores
should be more valuable than the underlying stock. Our research identifies the
transaction costs of dynamic hedging as a possible reason for overpricing. We
argue that the long-term option created by the score avoids the cost of replicating
such an option via dynamic hedging, causing the score to be more valuable than
predicted by a standard option pricing model. Consequently, this ability to save
on transaction costs may make the prime plus score combination more valuable
than the underlying stock.

One way to interpret our results is that the behavior of prime and score prices
is a product of several market imperfections. By focusing on these market
imperfections, our work demonstrates why value can arise from splitting securi-
ties and how a price differential can persist. The development of other dichoto-
mized securities suggests that similar imperfections may exist in other markets.
For example, the separation of mortgage-backed securities (MBS) into interest-
only (I0) and principal-only (PO) components provides a debt-based analogy to
the equity instruments analyzed here. Since the I0 and PO typically sell at a
premium to the underlying MBS, the approach developed in this paper may
prove useful in understanding the behavior of these debt instruments. More
recently, the proposal to further divide equity into unbundled stock units suggests
that such segmentation may be an important characteristic of future securities
markets.

An outline of this paper is as follows. Section I describes primes and scores
and derives the arbitrage-based price restrictions. Section II presents the statis-
tical methodology for testing these pricing relationships. Section III tests these
relationships using daily closing price observations from the Wall Street Journal.
Section IV applies option pricing theory to value the score and to investigate
various hypotheses concerning the price differences. Finally, Section V concludes
the paper.

I. The Structure of Primes and Scores

Primes and scores are not originally issued securities but are created through
establishment of a trust. The trust accepts shares of common stock in a specified
company and issues in exchange a unit of the trust. The trust has a maturity of
five years, at which time the outstanding units are reconverted to the underlying
stock. Each unit contains a prime and a score. The prime component receives all
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dividend payments and any increase in the stock price up to a termination value.
The score receives any appreciation above the termination value. The termination
price is set at the beginning of the trust and has generally been at a 20-25%
premium to the current stock price. A trust may not accept further shares once
the stock price exceeds the termination value.

The two-tiered structure of the trusts is reminiscent of a dual purpose fund.
One difference is that the trust will exchange a prime and a score for the
underlying stock at any time during trading hours at no cost. This redemption
feature allows holders to receive at least the value of the stock at any time.! A
second difference is that holders of the trusts can trade separately each compo-
nent. The prime, score, and unit for each trust are separately listed on the
American Stock Exchange (ASE).

The first trust was established in 1983 by Americus Shareowners Service
Corporation for the predivestiture AT&T shares. Americus Trusts for Exxon,
DuPont, American Home Products, Merck, and Bristol-Myers followed in 1985
and 1986. There are currently 27 Americus Trusts, although most have only been
trading since August 1987. Because of a recent IRS ruling on the taxation of the
trusts, no future trusts are expected to be created.? Each existing trust is limited
to holding 5% of a corporation’s outstanding stock. Once a trust reaches that
level it is closed, and no further primes and scores in that company can be
created. :

The costs of the trust fall into two categories. There is an initial deposit fee
per share tendered to the trust, with per share charges decreasing with number
of shares. There is also an annual fee of $0.06 per unit assessed on the prime
component (except Exxon, which is $0.05 per unit). There is no fee for exchanging
units of the trust for the underlying stock.

To focus on the behavior of prime and score prices, we incorporate these
features into a simple model. Let the trust have a maturity of T and a termination
price of K. We define S; to be stock price, P, prime price, and C, score price, all
at time ¢. Since the prime receives all dividends, the score can be viewed as a
long-term European call option on S, with exercise price K and exercise date T.
At maturity, therefore, the score price is Cr = max(Sy — K, 0) and the prime
price is Py = min(Sr, K).

Because the prime and the score have the same composite cash flows as the
stock, there are bounds on how widely their prices can diverge. If the combined
prime and score price differs from the stock’s price, then arbitrageurs will buy

! This redemption policy is clearly stated in the Prospectus for each Trust: “On-any day on which
the NYSE is open for trading prior to the termination of the Trust, any unseparated unit may be
redeemed, and any Prime and Score component may be recombined to form a unit which may be
redeemed, for an in kind distribution equal to the Net Asset Value Per Unit. No fee will be charged
for the redemption of any Unit. It should be noted, however, that holders of separate components
may have to pay customary brokerage fees and commissions to acquire complementary components
to recombine Units.”

? Specifically, on May 2, 1984, the IRS published proposed amendments to Treasury Regulation
Section 301.7701-4(c) that classify the Trust as an association taxable as a corporation for federal
income tax purposes. These proposed amendments were made final on March 21, 1986. Because this
ruling results in double taxation, it is expected that no new trusts will be formed. ’
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the cheaper and sell the more expensive security(ies), providing a risk-free profit.
In the absence of transaction costs, these prices would obviously have to be the
same. The presence of transaction costs means that there will be a range of prices
that preclude arbitrage opportunities.

To determine the lower bound of prices, suppose the stock is selling at a
premium to the prime and the score. An arbitrageur should buy the prime and
score, convert them to the stock, and then sell the stock. Because this transaction
will be executed immediately, there are no annual management fees to consider.
Moreover, since taxes affect each transaction similarly, tax effects need not be
explicitly incorporated. The arbitrageur pays trading commissions of ¢ percent
on the purchases and sale, but there is no fee for exchanging the prime and score
into the stock.

Suppose, instead, that the stock is selling at a discount to the prime and score.
There are two potential methods to arbitrage the difference. One approach is to
buy the stock, exchange it to the trust for a prime and a score, and then sell the
prime and score. The arbitrageur again pays trading commissions on both
purchase and sale and also incurs a sales charge of m percent for the creation of
the prime and score. To avoid arbitrage profits, then, prices must satisfy

—c(P,+C+S) =P, +C,— S, =c(P.+C,+ 8S,) +mS,, (1)

where c reflects both brokerage commissions and the effect of the bid-ask spread.

Because of size limitations on the trust, however, it may not be possible to
créate additional primes and scores. If the stock is undervalued relative to the
prime and score, a second arbitrage approach is to sell the prime and score short,
buy the stock, and hold this position until the maturity date at time T. At the
maturity of the trust the two sides must be equal, so this allows the arbitrageur
to lock in the differential. This strategy incurs both brokerage commissions and
the costs of short sale restrictions. The most significant of these is the regulation
that proceeds from a short sale be held in a non-interest-bearing account (for
the life of the short sale).> We denote by i the present value of the interest lost
as a percent of the short sale. The price bounds consistent with this strategy are
then

~ P+ C+8S)=P,+C,~S;sc(P.+C+ 8S,) +i(P.+C.). (2)

Equations (1) and (2) dictate the interval in which prices can exist without
generating arbitrage opportunities. Deviations from these bounds, therefore,
would indicate a violation in market efficiency. These transaction cost bands
implicitly assume that the arbitrageur acts as a price  taker, meaning that he or
she can execute a trade at the quoted prices and that his or her trade will not
change the price. This subtle aspect of the pricing theory will be relevant to our
subsequent results. In the next section we use these bounds to test for inefficien-
cies in prime and score pricing.

8 The proceeds constraint is part of the Federal Reserve Board’s margin requirement rules.
Specifically, Regulation T specifies that the proceeds of a short sale must be deposited in a non-
interest-bearing account as well as an additional 50% of the short sale amount which may be held in
interest-bearing securities. See Cox and Rubinstein (1985) for more details.
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II. Statistical Methodology

The price bounds derived above provide a framework for testing for the existence
of security mispricing. Unfortunately, the estimation of these bounds may be
subject to severe measurement error problems. These measurement errors arise
from nonsynchronous price observations, the lack of bid/ask prices, difficulties
in determining marginal trading commissions, and even typographical errors in
data reporting. (See Phillips and Smith (1980) and Bookstaber (1981) for relevant
discussions.) The nonsynchronous data problem is particularly likely to be
significant for primes and scores because, as we show later, the trading volume
is often quite small.

The procedure often used to overcome these problems is to refine the data set
by obtaining transaction prices (see Bhattacharya (1983)) and to be exhaustive
in providing differing traders’ transaction costs. (See Foster and Oldfield (1987).)
For most applications these refined data are difficult to acquire. Detailing actual
transaction costs is even more problematic. It may be impossible to determine
either the types of traders transacting in a particular market or the precise level.
of costs each faces. Also, even if these problems were solved, the measurement
errors arising from other sources would still remain a problem.

One contribution of this paper is a new nonparametric statistical methodology
designed to confront these problems. We develop a procedure that uses part of
the data to estimate implicitly the pricing discrepancies arising from noise and
trading costs. What motivates this procedure is that the overall distribution of
pricing errors can be described as a composite of two underlying distributions,
one symmetric with respect to zero and the other asymmetric. Specifically, the
data set we test consists of observed daily closing prices, which can be decomposed
into actual prices and an observation error.* From our pricing equations, the
observed price difference, defined as §,, is bounded by

"C(Pt+ct+st)+6t5(§tSC(Pt+Ct+St)+6t+Mt, (3)

where M, represents either the short sale .cost (i(P; + C.)) or the cost of
arbitraging through the trust (mS;), and ¢, is the observation error.

Arbitraging price discrepancies between the prime and score and the stock
involves transaction costs plus noise to both the left and right of zero. However,
these are asymmetric since the right-hand distribution also involves the addi-
tional costs of either short selling or creating new securities. Since the trust
always stands ready to exchange pairs of the prime and score for the stock at no
cost, any deviation to the left of zero is likely to result from bid/ask spreads,
commissions, or nonsimultaneous prices rather than being an arbitrage oppor-
tunity. We use the left-hand distribution to estimate these measurement errors
and transaction costs and then use these estimates to test whether arbitrage
opportunities are present in the right-hand distribution.

Figure 1 illustrates this approach. The figure plots a typical distribution of the

¢ Although we derive our testing procedure for absolute differences, the same analysis applies to
normalized percent differences. The only necessary change is that the subsequent statistical structure
is applied to ¢’ and 5,/S, rather than ¢, and §,, with ¢ = §,/S, — 6,/S..
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Figure 1. A typical distribution for the daily observed price differences of the prime
plus score less stock prices. The “true” prime price, score price, and stock price at time t are
denoted P, C., and S;, respectively. The percent transaction costs are captured by the fraction c.
The symbols g, %, represent those random differences due to transactions costs (bid/ask spreads and
commissions) to the left and right of zero, respectively. The ¢ is the observation error. The y,
represents those deviations due to short interest costs or trust fees. The g8 is chosen so that 8 < 4,,
where 0, is a bound on the support of the observation error. The shaded area in the right tail is the

mass remaining beyond the level of the maximum error 6,, transaction cost adjustment ¢, and
additional costs M,.

observed price differences between the prime and score and the stock. We define
the random variables x; to represent random differences to the left of zero due to
transaction costs (bid/ask spreads and commissions) and %, to represent random
differences to the right of zero due to these same transaction costs. (Formal
definitions are given in the Appendix.)’ Let ¢; be the error term and let y,
represent those deviations to the right of zero due to the additional transaction
costs, either the loss of short interest or the management fee. (See equations (2)
and (3).) As Figure 1 illustrates, the x, + ¢ distributions are symmetric except
for scale. We use the information conveyed by the left side of the x, +
distribution to estimate the implied level of transaction costs and noise in the
data. We then estimate the level of short interest or management costs (the M, ),
adjust for the implied transaction cost and noise, and test to see whether
observations remain in the right-hand distribution that are not explained by
these factors.

In the Appendix we derive a nonparametric statistical procedure to implement
this test. Given assumptions on boundedness, independence, and symmetry (see
Appendix), the following lemma holds.

® The exact form of the transaction costs (i.e., proportionate, fixed) is irrelevant for our analysis.
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LEMMA 1 (Null Hypothesis): Let §, be the observed price difference and let 6, be
some constant bound on the error term. Then

prob(§, > B + M,) < prob(§, = —B) forall B=6,=0.
Proof : See Appendix.

This lemma provides the benchmark for testing when prices deviate beyond
the level consistent with transaction costs and measurement errors. To develop
a hypothesis test, we first suppose that &, for ¢t = 1, .-, n represents a random
sample of n independent, identically distributed observations. This implies that
the ¢ subscript on both M, and 6, can be omitted. Let F(a) = prob(, < o) be the
underlying probability distribution. The null and alternative hypotheses, re-
expressed in terms of F(-), are

Ho: 1 - F(B + M) < F(-p),
H,: 1 — F(8 + M) > F(=B).

A consistent estimator for the underlying distribution, F (a), is F,(a), the sample
cumulative distribution. Our hypothesis testing procedure uses this estimator to
find a 8 such that F,(—B) = 0.05. This percentage is chosen to ensure that 8 = 6
with probability one. We then calculate the mass in the right tail, [1 — F,(8 +
M)). If [1 — F,(B + M)] is much larger than 5% (i.e., F,,(—f)), we reject the null
hypothesis that the price difference is due to standard transaction costs and
noise. Otherwise, it is accepted.

To complete the analysis, we derive the sampling distribution for the estimators
to obtain the appropriate confidence regions. By using the sample distribution
for F,,(a) for fixed «, a binomial distribution, the following lemma is proven in
the Appendix.

LEMMA 2 (Confidence Regions): Given § = 0 such that F.(=B) = 0.05, for large
n (say greater than 50), the (1 — a) percent confidence interval for 1 — F,(8 + M)
lies within [0, 1 — L/n], where

L=-Z.,[n(1 - q)q]"*+ (1 - q)n,
q=([Z%p + 0.1n] + Z,»[Z%, + 0.19n]V2)/2[n + Z25), « € (0, 1),
and Z.; is defined by ®(Z,;;) =1 — a/2 for ® the cumulative normal distribution.
Proof: See Appendix. |

Lemma 2 can be explained as follows. Under the null hypothesis, we will
observe more than (1 — L/n) percent of the sample distribution to the right of
B + M with probability less than «. Hence, if more than (1 — L/n) percent of the
sample distribution lies to the right of § + M, we reject the null hypothesis with
at least a (1 — «) percent confidence level. These confidence intervals are
conservative, in the sense that the true confidence level is at least (1 — a) percent
and probably much greater. Consequently, we report only the 90% confidence
levels (o = 0.1) in the next section.
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Several features of this testing methodology deserve comment. First, we incor-
porate transaction costs in our testing procedure without having to estimate
directly their magnitude. This allows our testing procedure to include the simul-
taneous effects of the bid/ask spread and commissions that induce bias in the
existing procedures. (See Phillips and Smith (1980).) Second, the nonsimultaneity
of the observed prices is also incorporated within the procedure. The neglect of
this noise has potentially mis-specified existing approaches. (See Bookstaber
(1981).) Third, the procedure is nonparametric, It does not require normally
distributed errors, yet suitable confidence regions can be derived. This is impor-
tant since the deviations are partially bound by arbitrage considerations (see
equations (1) and (2)), so normality does not apply. Finally, our testing procedure
is designed to minimize the probability of finding significance when it does not,
in fact, exist. This biases our results, however, in favor of market efficiency and
against finding arbitrage opportunities. Our results in the next section should be
interpreted with this conservative bias in mind.

Although we apply this technique to primes and scores, the methodology is
usable whenever the data satisfy the boundedness and symmetry conditions given
in the Appendix. Potential applications include ex-dividend stock price behavior,
option pricing put-call parity relationships, I0 and PO pricing, and futures-spot
arbitrage restrictions. We illustrate these conditions in terms of absolute differ-
ences above, but, in some circumstances (perhaps here), the structure is more
likely to be satisfied by proportional differences. The same analysis applies with
the appropriate modifications.

III. The Empirical Behavior of Prime and Score Prices

Because primes and scores are new, the data available for testing are limited. In
particular, only 27 companies have primes and scores, with most of these trading
only since August 1987. To avoid the difficulties of an unduly small number of
observations, we restrict our analysis to those primes and scores listed before
June 1987. Our sample consists of daily stock closing price observations from the
Wall Street Journal for the prime, score, and stock on Exxon, Bristol-Myers (B-
M), DuPont, Merck, and American Home Products (AHP).® The sample period
is from the initiation of the particular trust to June 1987.

To test for pricing discrepancies, we first calculated the differences between
the daily stock price and the daily combined prime and score prices. A typical
plot of these for one company is given in Figure 2. As expected, the differences
exhibit variability, reflecting noise, and other factors noted in the previous
section.”

®We did not include AT&T in our sample for two reasons. First, there was some concern that
uncertainty over the divestiture would introduce biases into the data. A more important concern is
that, because AT&T primes and scores were the first such instruments, a start-up bias could be
present. To avoid this problem, we used those primes and scores introduced in 1985 and 1986.

" Figure 2 suggests that the differences satisfy the maintained i.i.d; hypothesis. It is well known
that closing prices may exhibit serial correlation due to bid/ask spreads and rounding errors; see Ball
(1988). Taking differences of related closing prices, however, could neutralize these correlations. To
test this hypothesis, we ran a nonparametric runs test on the pricing differences over the sample



