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To Trade, Or Not To Trade: A Model of Regret and Investment
Jie Qin

“I want to live my life so that my nights are full of regrets.”
F. Scott Fitzgerald

“I want to live my life so that my nights are not full of regrets.”
D. H. Lawrence

1. Introduction

In literature and adages, regret is often described as the feeling with the worst taste; in the real
world where life is an endless flow of choices, everybody knows the taste the regret, and will
experience it again and again. Empirical and experimental researches of gamble and consumer
behavior, as reviewed by Zeenlenberg (1999) and Zeelenberg et al. (2000), suggest that after
repeated experience of regret, individuals tend to exhibit regret aversion which has a profound
effect on decision making.! Researches of neuroscience, for example, Camille et al. (2004) and
Coricelli et al. (2005), find that regret and its avoidance is particularly related with the activity of
the orbitofrontal cortex of brain.

In economics, “regret theory” is developed by Bell (1982, 1983) and Loomes and Sugden (1982,
1987) as an alternative to the standard theory of expected utility. To analyze regret averse
individual’s decision-making problem under uncertainty, they propose the following “modified
utility function”:

u(rn) =7+ f(ri — 1) (1)
u(ry,n) =7+ f(r—m) )

where 7; is the uncertain return on asset-i, r; the return on asset-j, and f(-) is a strictly
increasing and decreasingly concave function with f(0) = 0. For an individual who has chosen
asset-i, her utility is increasing in r;, the actual return on asset-i, and is decreasing in T, the return
she would obtain if she had chosen asset-j. The function f(r; —7;) measures the individual’s

regret on her decision, and is called “regret-rejoice function” by Loomes and Sugden (1982). Under
uncertainty about asset returns, the necessary and sufficient condition for the individual to choose
asset-i is

E[u(r,1)] > E[u(ry, 1)) (3)

! Disappointment is a psychological effect that is similar to regret, with both come from counterfactual
thinking. However, regret is related to choices while disappointment is situation-focused. For more
discussions about the deference between regret and disappointment, see Bell (1985), Loomes and
Sugden (1986), and Zeelenberg et al. (1998).

For a survey of theoretical and empirical researches of regret, see Gilovich and Medvec (1995).



With this modified utility function, Bell (1982) and Loomes and Sugden (1982) show that they can
explain the paradox in Allais (1953) and the experimental evidence in Kahneman and Tversky’s
(1979) .

Quiggin (1994) extends the pairwise utility function of regret theory into multiple-choices:

u(r) =r + f(r; — max{r;}) (4)

where max{r;} is the best possible result among all choices. Because r; — max{r;} < 0, there is
always a tradeoff between the actual return on the chosen asset and the regret that the individual
feels when she compares the actual return with the best possible result.

Recently, regret theory is also applied to the study of financial markets; for example,
Dodonova (2005) develops an asset pricing model in the existence of regret averse investors, Fogel
and Berry (2006) examine the relation between regret aversion and disposition effect, and
Michenaud and Solnik (2008) analyze regret averse investor’s choices of currency hedging.

In the present paper, we examine the effect of regret on investment in a market where investors
can choose to trade, or not to trade, an asset with uncertain value. Following Glosten and Milgrom
(1985), we adopt the framework of sequential trading model: in the market there are informed
traders, who have private information about the asset, as well as liquidity traders, who randomly
submit buy or sell orders; price is set by a risk-neutral market maker, who randomly executes one
order at each trading round; public information is updated according to order flow after each trading
round.

However, different to Glosten and Milgrom (1985), we assume informed traders are regret
averse. Following Bell (1982, 1983), Loomes and Sugden (1982, 1987) and Quiggin (1994) , we
employ an modified utility function that includes both the utility on investment return and the
disutility of regret. Hence, in our model, although informed traders can earn a positive expected
return by using their private information, they face the tradeoff between expected return and
expected disutility of regret. Moreover, in our model investors can choose not to trade. In the
original model of Glosten and Milgrom (1985), investors can only choose between buy and sell;
however, in the real world, people not only regret on their actions, but also regret on doing nothing.
Hence, the extension in the present paper makes it possible to examine the effect of regret in a
setting that is relatively close to the real world.

We first examine the case where investors’ attitude toward regret does not depend on their
positions in the market; that is, whether they are trading or not, they have same magnitude of regret
aversion. In this case, it is found that investors always choose trading. For example, if an investor
observes a positive signal about asset value, she will choose to buy as long as the price is higher
than a curtain level; if the price drops below this level, she will choose to sell instead of just staying
aside. The reason is that if investors do not trade, they will regret this choice after they know the
true value of the asset.

We then extend the assumption about regret such that investors” magnitude of regret aversion
depends on their positions in the market. Specifically, we are interested in the case where investors’
magnitude of regret aversion is relatively small when they do not trade. As shown by Gilovich and
Medvec (1995) and many other researches, in long-term, people tend to regret more about doing nothing.
For example, when asked what the most regrettable failure in life is, many people choose something they
fell to do, such as missed educational opportunity, missed romantic opportunity, and so on. However, In
short-term, people tend to regret more on their recent actions. Because trading has relatively short
time-horizon compared with decisions of career and marriage, the extended model of the present paper
assumes that investors’ regret on not trading is smaller than that on a wrong trading position. In this case
the following results are obtained. When the market price takes moderate values, investors take
positions according to their private information. When asset price rises above a certain level, then,
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while investors with positive signals still buy, those with negative signals will choose not to trade; if
price becomes even higher, than all investors will choose to buy in spite of their private information.
Symmetrically, when asset price drops, investors with positive signals first choose to stay aside;
then, if the price drops even more deeply, they will re-enter the market and join the sellers.

This paper applies regret theory to a standard trading model in finance literature. It shows
explicitly the effect of regret on investors’ trading strategies. Furthermore, it provides an alternative
rational to informational cascades in financial markets. As noted by Bikhchandani et al. (1992), an
informational cascade occurs when it is optimal for an individual to follow the behavior of the
preceding individual without regard to her own information.® In the model of the present paper,
when the price is very low or very high, a “partial cascade” occurs where some informed traders
ignore their private information and do not trade. If the price takes even more extreme values, a
partial cascade will develop into a full-scale cascade. The reason for investors to join a partial
cascade or a full-scale cascade is that they do not want to bet against the market and regret
afterwards.

The rest of the paper is organized as follows. Section 2 describes the specification of investors’
preference as well as the framework of the market. Section 3 derives investors’ trading strategies in
the case where they have same level of regret aversion whether they trade or do not trade. Section 4
generalizes the model and analyzes the case where investors have weak regret aversion when they
do not trade. Results about partial cascades and full scale cascades are also discussed. Section 5
concludes.

2. The Model

In the present paper, we investigate investors’ trading strategy in a market where a risky asset is
traded by investors who can choose among three positions: long, short, and not trading. The value
of the asset, denoted by V, is uncertain with Pr{V =1}=pu and Pr{V =0} =1—u. Let
x € {1,0,—1} denote an investor’s choice: x =1 if the investor buys one unit of the asset,
x = —1 if she sells one unit of the asset, and x = 0 if she decides not to trade. Let p denote the
price of the asset and r = r(x) denote the return on position x. Facing the uncertainty of asset
value, each investor chooses position so as to maximize her expected utility; that is, each investor
faces the following utility maximizing problem:

max, E[u(r)] (®)
where
V—p, forx=1
r(x) = 0, forx=0 (6)
p=V, forx=-1

3 Chamley and Gale (1994), Neeman and Orosel (1997), Avery and Zemsky (1998), Lee (1998), Chari
and Kehoe (2004), and Park and Sasbourian (2011) develop herding models that focus on information
externality. Scharfstein and Stein (1990) and Dasgupta and Prat (2008) are models of herding among
fund managers with reputation concern. Trueman (1994) and Ottaviani and Sorensen (2006) are models
of herding among analyst forecasts. For a survey of herding models in various frameworks, see
Bikchandani and Sharma (2001) and Hirshleifer and Teoh (2003). For empirical evidence of herding in
security markets, see, for example, Lakonsishok et al. (1992), Christie and Huang (1995), Nofsinger and
Sias (1999), Wermers (1999) and Sias (2004). For empirical evidence of herding among security analysts,
see, for example, Graham (1999), Welch (2000) and Bernhardt et al (2006).
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Following Bell (1982), Loomes and Sugden (1982) and Quiggin (1994), we assume that
investors are regret averse.

Assumption 1. Investors are regret averse with their utility functions take the following form:
u(r) =r — f(max{r} —r) ()
where max{r} = max{r(1),r(0),r(—1)} and

f(max{r} —r) =nymax{r} —r (8)

with n > 0.

In our model, where there are three choices and two states, the best possible result is as
follows:

max{r} = {1 _5" ll]j:g : 3 9

The function f(-) may be called “regret function” in the sense that when compared with the best
possible result, there is always regret but no rejoice. We assume that f(-) is a square root function,

where w/I — max{r} measures the disutility of regret and n > 0 reveals the magnitude of regret
aversion.

The basic framework of the market is similar to that in Glosten and Milgrom (1985). In a
dealer market, a risky asset is traded at date t =1,2,---,T. At date T+1, all positions are
liquidated at the true value of the asset, whose prior distribution is Pr{V = 1} = Pr{V = 0} = 0.5.
Investors are a continuum of one, with a proportion of ¢ are informed traders and 1 — ¢ are
liquidity traders. Each informed trader observes a conditionally independent signal s € {0, 1}
with Pr{s = V|V} = g > 0.5. Among informed traders, if the true value of the assetis V =1, a
proportion of ¢q will observe positive signal s = 1, and the rest will observe negative signal
s =0. Ifitis ¥V =0, then, the proportion of investors with positive signals is ¢ (1 — q), and the
rest observe negative signals.”

At the beginning of the trading round at date t, a market maker sets price p, for both buy and
sell orders. While each liquidity trader randomly submits a buy order or a sell order with equal
probability, informed traders choose their positions basing on both public information and their
private signals about asset value. From the pool of all investors’ orders, the market maker randomly
executes one piece of order at price p;. Let x; denote the sign of the order executed at date t: if it

* In the present paper, regret is measured by —f(-) which is a convex function. In the original model of
Bell (1982, 1983) and Loomes and Sugden (1982, 1987), regret is measured by a decreasingly concave
function f(-), which is necessary to explain the paradox in Allais (1953) and experimental evidences in
Kahneman and Tversky’s (1979). As the present paper focuses on trading strategies in a sequential
trading model, square root function is adopted to simplify the analysis. Nevertheless, important
properties of the original model are still kept: there is a tradeoff between return and regret; regret is
increasing in the difference between the best possible result and the actual result.

> If investors do not have private information and the price of the asset is fare in the sense that
p = E[V], then, investors’ expected return is zero on any position. If so, investors will choose their
positions only to avoid regret. However, we argue that such a setting is not realistic in the sense that
profit is obviously the most important incentive for trading. Therefore, we assume there is asymmetric
information among investors as in the model of Glosten and Milgrom (1985); this assumption enables us
to analyze investors’ decision making when they face the tradeoff between positive expected return and
anticipated regret.



is a buy order, then, x, = 1; if it is a sell order, then x, = 0. The history of previous trading is
public information, which is denoted by h; = { (p,, x,),T = 1,2,---,t — 1}. The public belief of
asset value is defined as follows:

Uy = Pr{V = 1|h;} (10)

with p; = 0.5. The market maker is risk neutral who sets price equal to the expected value of the
asset relative to public information:

Pe = Ut (11)

After each round of trading, x; is announced to all market participants, and the public belief is
updated through Bayesian learning: p;4; = Pr{V = 1|h;, x,}.°

3. Trading Strategy under Regret Aversion

Let E,[-] = E[-|h,] denote the expectation conditioning on public information, EZ[-] =
E[- |hs,s = 1] the expectation conditioning on public information and positive signal s = 1, and
E?[-] = E[- |hs,s = 0] the expectation conditioning on public information and negative signal
s = 0. For informed traders, the expected value of the asset conditioning on their private signals is
as follows:

1 =71 — Heq
He = E V] ﬂtq+(1(_ﬂt)g1_Q) (12)
1-
ug = Ev] = —H (13)

T (- +(1-ppaq

Because the price of the asset is set according to public information, an informed trader who
takes a position according to her signal can earn a positive expected return; that is, EZ[r(1)] > 0
and E2[r(0)] > 0. If investors do not regret, then, as described in Glosten and Milgrom (1985),
informed investors always follow their private signals. As a result, order flow partially reveals
investors’ private information and public information about the asset accumulates overtime. In the
limit, the price converges to the true value of asset; that is, as t = +oo, p, = V almost surely.
When investors have regret aversion, however, this result no more holds.

Table 1: Investment return.

State | Pr{- |h;} max{r} r(1) r(0) r(=1)
V=1 e 1-p; 1-p; 0 -1 —-p)
V=0 1—p Pt —P¢ 0 Dt

® In the original model of Glosten and Milgrom (1985), prices are set based on both public information
and current order flow such that p, = E[\/|ht,xt] ; that is, the price for buy orders is

p; = E[\/|ht,xt =1] while that for sell orders is p; = E[\/|ht,xt =0]. The bid-ask spread covers the

market maker’s loss in a trade with an informed trader. In order to focus on the effect of regret and
simplify the analysis, the present paper assumes that there is no bid-ask spread. Neverthless, results of
this paper can be extended to the case where bid-ask spread exists.



Table 2: Conditional probability and investor’s utility.

State Pr{-|h,s =1} | Pr{|h,s =0} |u(r(1)) u(r(0)) u(r(=1))
=1 |m U 1-p /A =p) | pe—1-1y2(0 —p)
V=0 |[1-u 1 —pe —1/2p; | —1\/2p; Pe

Consider informed traders’ maximizing problems at date t. Table 1 shows the returns on
different positions; Table 2 shows informed traders’ utility, which not only contains the utility of
investment return, but also reveals the disutility of regret.

Let Uf(x) = Ef[u(r(x))] denote an trader’s expected utility who has signal s and takes
position x. Following Table 1 and Table 2, we have

USQ) = ps (1 —p) — (1 — ud)(pe + ny/2p;) (14)
US(0) = —nuiy/1—pe —n(1 — uf)\/pe (15)
Uf(-1) = (1 —pdpe — i (1 —pr +ny/2(1 — pp)) (16)

Although the expected return is always positive if an informed trader follows her signal, she
faces the tradeoff between expected return and expected disutility of regret. The optimal strategy for
an informed trader with a signal s is defined as bellows:

1, if Uf(1) = max{U$(0), U{ (-1}
xg =91 0, if U7(0) > max{Ui(1),Us(-1)} (17)
-1, otherwise

To derive explicit expressions of x! and x?, we first compare the expected utility on a long
position with that on a short position.

Lemmal Thereexist 0 <u < 0.5 <pu <1 such that
VR <UL foru €(0,p)
UL (1) = UL (-1) foru, =p (18)
VR > VL1 foru € (w1)
holds for informed traders with signal s = 1, and
Up(1) <U2(-1) for ue € (0,1)
U (1) = U9 (=1) foru =un (19)

U (1) > U2 (=1) foru, € (1)
holds for informed traders with signal s = 0.

1 0
Proof. Let 1, = 1”; A= 1“21, 20 = 1“;‘0, and A, = 1q_q denote the likelihood ratios with
—Ht —Ht “Ht -

respect to relative distributions. By the rule of Bayesian inference,
b Athq

ut =Pr{V=1|h,s =1} = Al = A T T (20)
oA Ae/A
U = Pr{V =1lhe,s = 0} = 2} = {55 = 700 (21)
Recall that p; = u;. For an informed trader with a positive signal s =1,
Ui (1) = U (=1) = 2(ug — pe) = (1 — )y 20 + g 2(1 — ) (22)



Hence,

Ut() - U (-1 2 0= M (u) ;‘/TE 23)
where
R R N e B ki
Hi—He Ag—1
Kt

Because A; = - is strictly increasing in p; with A;|,.-0s = 1, it is easy to see that M (u,) is
—Ht

strictly decreasing in p, with M1(0.5) = —1 and M*(u;) » 4+ as u, — 0. By the continuity

of M*(u,), there is KE (0%) such that Ml(ﬁ) :‘/75. It is easy to see that u is the unique

solution to M (u,) = ‘/75 and it does not depend on t.

For an informed trader with a negative signal, we have

UP(—1) — U (D) = 2(ue — pd) — nud 21 — pe) + (1 — pd)/ 20, (25)
Therefore,
UP-1) - US(1D) 20 & MO(u) S22 (26)
where
S N (e B CI N el L
MO () = BRI (27)

MO (u,) is strictly increasing in u, with M°(0.5) = —1 and M°(u;) > +o0 as u; —> 1.

. N1 V2

Therefore, there is u € (5,1) such that M?|ut=ﬁ =
solution to M°(u,) = ‘/75 and it does not depend on t. As shown in Figure 1, above results imply

. It is easy to see that u is the unique

the holding of Lemma 1.
Q.E.D.

Lemma 1 shows that an informed trader may choose the position that is opposite to her signal.
For example, for an informed trader who has a positive signal, the expected return on a long
position is higher than that on a short position. However, if the public belief u; is low enough, then,
the informed trader prefers to take a short position in order to avoid regret. For an informed trader
with a negative signal, the situation is opposite: she will ignore her signal and take a long position if
the public belief is high enough.

Next, we consider the choice of not trading; however, it is found that investors always choose
trading no matter what value the public belief takes.

Lemma 2 For informed traders with signal s =1,

{ UE(0) <UL(=1) for p; € (0,p) -
URO) <UEW)  for m € 1) @9
for informed traders with signal s = 0,
{ UP(0) < U2(=1) for p, € (0,7] 29)
Up0) <U(1)  for u € (1),

Proof. For an informed trader with a positive signal,
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UL — UF(0) = put — e — (1 — w20 + nudJ1 — e + 01— ud)Jue  (30)
UL(0) — UN(—1) = put — pe + i 21 — ) — i1 — e — (1 — e (31)

Thus,

UE) - UR0) 20 KM (u) S -

VHO) -V (-DZ0= ) ST )
where

1
Ky = D) et iy oD P e o
”%_“t /1q—1
1 VIO -ud) - Db V2 L= (2-V2)Aq) T+
G (nut) = ,u%_ﬂt = /’lq_l (35)

Both K'(u,) and G'(u,) are strictly decreasing in pu,. As p,—1, K'(u)— +o and

G'(uy) - +;as yu = 0, K'(uy) » —0 and G'(u,) » —oo. Hence, K (u,) = ? has a unique

solution k and G*(u;) :g has a unique solution v. Furthermore, it is easy to see that for given
value of u;, G(u) > M*(u.) > K*(uy) holds. As shown in Figure 1, this implies that
K (i) <g and UZ(1) > UL(0)hold for p, € [, 1), while G1(u) >§ and UL(=1) > UL(0)
hold for p, € (0, u].

For an informed trader with negative signal,

U2(—1) — U2(0) = pe — uf —nudy2(1 — pe) + uf /1 — pe + (1 — ud)Jue  (36)
U2(0) — U2(1) = pp — p + (1 — )20 — 1 — e — (1 — ud)Jue  (37)

Hence,
UR(-1) ~ UP(0) 20 & KO(u) S %2 (38)
V2
VO -V 20 () ST (39)
where
0 _ (2=v2)u? 1_#1'_‘/5(1—#?)@ (2—\/5)\/1+)lt—\/i/1q 1+%t
KO(u) = S = p— (40)
t—Ht q
V2/1+2 V2)4 L
0\ VER TR (—va) -y VARV 1y
G(u) = . = pp (41)

Both K°(u,) and G°(u.) are strictly increasing in u,. As u, > 1, K°u,) - — and
GO(uy) » —o0; as pur >0, K°(uy) » + and  G°(uy) » +o0. Hence, KO(Mt)=g has a

2 . . —
% has a unique solution v.

K°(uy), as shown in Figure 1,  K°(u;) <‘/72 and U2(—1) > U2(0) hold for u, € (0,], while

unique solution ¥ and G°(u,) = Because G°(u,) > M°(u,) >

GO(uy) > \/77 and U2(1) > U?(0), hold for u, € [, 1). This completes the proof of Lemma 2.
Q.E.D.



Ui (1) > Ui (0) U2(=1) > U#(0)

Ui () > Ui (-1 U2(-1) > Uf(1)

Ui (0) > Ui (-1) U2 (0) > Ug(1)

=S

<|
=I
=1
t"

0 K U v 0.5 1
UL (1) < U 0) U(—1) < U2(0

1 1 Gt G° MO K°
v <vi-ni KoM

U2(-1) < U2(1)

U (0) < U{(-1) UP(0) < UP(1)

Figure 1

Figure 1 summarizes the results of Lemma 1 and Lemma 2. Following these results, we obtain
informed traders’ optimal trading strategies.

Proposition 1  Under Assumption 1, informed traders’ optimal trading strategies for as follows:

L (71 foru €O,
e _{ 1 for u € [p1); (42)

_ (-1 for p €0,
@ _{ 1 for yf €@ 1) (43)

An important implication of Proposition 1 is that informational cascade may occur in the market.
By the definition of Bikhchandani et al. (1992), an informational cascade of buy occurs if it is
optimal for all informed traders to submit buy orders; an informational cascade of sell occurs if it is
optimal for all informed traders to submit sell orders. u and p in Proposition 1 are thresholds

values for informational cascade in the present model: a buy cascade occurs if the public belief is
higher than 1 and a sell cascade occurs if the public belief is lower than p. A formal statement
about herding and information accumulation is given in the next section.

Finally, we examine how the magnitude of regret aversion and the precision of private
information affect informed traders’ optimal trading strategies.

Corollaryl u and p dependon n and g with

N on ol _ .

(I) % > 0, a <0;
E_ O

(i) 2q <0, 2 >0
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Proof. ~As shown in the proof of Lemma 1, u is the solution to Ml(ﬁ) =£. Hence,

- n
vz
om*(w) =)  omron vz om? ap
7 n- _ 77 =4 Ne_ i o et I — .
on o o + 7 0. Since o < 0, we have o > 0. Similarly, & is the solution to
ﬁ
vz . am(1)-D  amoan vz MO .
M° = —. Following the result that ————_ =—-—+-—=0 and — > 0, we obtain
on (E) n g an op an + n? o '
ou
o <0.
vz
on ‘3("”1(&)‘7) oML Op Mol aM*
As the effect of q, % < 0 holds becasue T = Eaﬁ‘a—lqa =0, E <0,
vz
om? aaq . o oM°()="D om0 om | om0 0rg _
7y <0 and %2 > 0. Similarly, 3 > 0 holds becasue e " op g + e 0,
oM° oM° g
E>0, m<0 and E>O
Q.E.D.

4. An Extended Model

In this section, we analyze informed traders’ trading strategies under a more general assumption
about regret aversion.

Assumption 2. Investors are regret averse with their utility functions take the following form:
r(x) —nymax{r}—r(x) forx=1,-1
u(r(x)) = { (44)

—zn/max{r} forx =0,
where 0 <z < 1.

We obtain the following proposition under this assumption, which is the main result of the
present paper.

Proposition 2 Under Assumption 2, informed traders’ optimal trading strategies are as follows:

0] In the case of V2(1 —q) <z < \/—15 thereexist 0 <v <k < 0.5 <¥ <V <1, such that
-1 for u € (0,y]
xt =40 for u €K (45)

1 for melk1)
-1 foru; € (0,k]

x2 =30 foru € (kv (46)
1 foru €[v,1)
(i) In the case of z > % there exist 0 < u < 0.5 < <1, such that

o = {—1 for p, € (0, ) a7)

1 forp€pl)
_ -1 fOT',Ll E(Ouﬁ)
=7 for e (48)

Proof. For an informed trader with signal s =1,
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UE(D) — UR(-1) = 2(ut — pup) — (1 — )2, + nud2(1 — ) (49)
UL(D) = UL(0) = uf — e — (1 — w20, + znud1 — e + zn(1 — ud)\Jue (50)
UE(0) — UA(=1) = puf — pe +nuiy/2(1 — pe) — znud /1 — pp — zn(1 — p)[/ue (51)

Therefore,
\/_
U (1) - Ui (- 1)20<:>M1<n (52)
UL -UL0)Z 0= RES f (53)
A1 < V2
VEO) - U1 Z0= G ST (54)
where
1
Ml(y )= (1—pe)\He—pey (A—pe) _ 1+,1_t_)‘qv 1+ (55)
‘ Hi—He Ag—1
1
R(u,) = (2—v2z)(1-pt )J_ V2zpl 1w, (2‘\/72) 13 —V222\ 1+ (56)
He=Ht Ag-1
1
Gl(y ) = 2V2(1-pi) e (2—V2z)ui1-pe _ ﬁz\ 1+/1_t_(2_‘/iz)’1q\/ 1+ (57)
. Y _ ﬂ%_ﬂt Aq—1
M*(ue), K*(ue) and K*(u) are strictly decreasing in p,. Let u be the unique solution to

M} = g Kk the unique solution to K(u,) = ‘/75 and v the unique solution to G*(u,) = % It is

easy to see that y, x and v are well defined. Note that K™ (u,) > M* (i) > G*(u,) holds for

2z

2 —_
furthermore, K*(0.5) = - _11“’ < 0 holds when z > +/2(1 — q). Therefore, as shown in
q

\/—,
Figure2, 0<v<u<k<0.5.
For an informed trader with signal s =0,
U2(=1) = U(1) = 2(uQ — pp) — nud2(1 — o) + n(1 — u®)/21; (58)
UP(=1) — U2(0) = ) — e — ufy/2(1 — ) + zud 1 — e + zn(1 — )\ f1e (59)
U2(0) = U2 (1) = u — pe + (1 = u)y/2ue — znud\[T — s — 2 (1 — pd)\Jiee (60)

Hence,
U= - US(1) 2 0 & MO(u) S (61)
UP(-1) - UP(0) 2 0 &= RO(u) S22 (62)
U2(0) — UP(1) Z 0 & GOuy) S f (63)
where
0 _Mt\/(l Ue) (1 #t)\/_ HA=2q \Jl+
M®(ue) = (64)
pe—ug Ag—1
=0 (2 \/_Z)#t T—u- \/_Z(l #t)\/_ (2—\/22)1/14-){—\/22/1‘1 /1+%t
Ko(u) = v (65)
He—ig g1
0 _ VEu T~ (2—vZz2) (1-10) it V2z (142 (2—22) A4 /1+/1it
GO (uy) = TR - o= (66)

MO°(u.), K°(uy) and K°(u,) are strictly increasing in u,. Let i be the unique solution to
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M} = g K the unique solution to K°(u,) = g and v the unique solution to G°(u,) = ‘/75 It is

easy to see that &, ¥ and v are well defined. Note that K°(u,) > M°(u,) > G°(u,) holds for

2z

1"* < 0 holds when z > v2(1 — q). Therefore, as shown in

1, 70 —
z < NG furthermore, K°(0.5) = e
Figure 2, we have 0.5 <k < <V < 1. Therefore, statement (i) of Proposition 2 holds.

In the case of z >i2, G (up) > M*(uy) > K*(ue) and M*(0.5) < 0 hold for investors
with positive signal; G°(u,) > M°(u,) > K°(u,) and M°(0.5) < 0 hold for investors with
negative signal. Therefore, similar to the situation shown in Figure 1, statement (ii) of Proposition 2

holds.
Q.E.D.

UL(0) > UL(-1) U2(0) > U (1)
UL(1) > UL (-1) U2 (=1) > U2(1)
Ui > 00 VD) > U0

=S

1=
x|
=I
=I

0 v \lé

U (0) < U (-1)

0.5 1| u
UP(0) < U2(1)

1 7€} Ko M° GO
vy <uvi-ni 6 MK U9(=1) < U0(1)

Ui (1) < Ui (0) UP(=1) < U2(0)

Figure 2

Statement (i) examines the case where investors’ magnitude of regret aversion is relatively
small when they do not trade. It shows that when market price takes moderate values, investors take
positions according to their private information. When asset price rises above a certain level, then,
while investors with positive signals still buy, those with negative signals will choose not to trade; if
price becomes even higher, than all investors will choose to buy in spite of their private information.
If asset price drops below a certain value, investors with positive signals first choose to stay aside; if
the price drops even more deeply, they will re-enter the market and join the sellers.

Statement (ii) analyzes the case where investors’ magnitude of regret aversion is relatively
strong even when they do not trade. Optimal strategies in this case are the same as those described
in Proposition 1.

Corollary 2 and Corollary 3 below describe investors’ herding behavior and information
accumulation in the market. As these corollaries are direct implications of Proposition 2, proofs for
them are abbreviated.
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Corollary 2 Incase V2(1—-q) <z <-—=
are as follows.

\/_, trading and information accumulation in the market

0] If u; € [v,V], then, there is no cascade in the market: informed traders take positions
following their private signals, and the public belief evolves after trading. That is,

=1, x0=-1 (67)
2 ; —

_|wsrawoas Y x=1 58

He+1 = us(1-58) i I ( )
-oyraps I %=

(i) If u; € (v,x), then, an partial buy-cascade occurs: informed traders with positive signals

submit to buy, but those with negative signals do not trade; information accumulation in the
market slows down. That is,

xt=1, x2=0 (69)
ueé .
N o S =1
Ngramwan Y x (70)
He+1 = e (1-8) .
if x;, =—1

#e(1=8)+(1-pe)
$q+(1-9¢)/2 and ¢ = 1=D/2 a-=-¢)/2

1-¢(1-q) 1-¢q

(iii) If u: € (x,v), then, an partial sell-cascade occurs: informed traders with negative signals
submit to sell but those with positive signals do not trade; information accumulation in the
market slows down. That is,

where ¢ =

xt=0, x{ =-1 (71)
ue§ .
S S— =1
N wraowoas Y xe (72)
Hevr = pe(1=0) .
lf xt = _1

_ pe(1-O+(A-nE _ _
(iv) If u: €[k, 1) then, a buy-cascade occurs: all informed traders submit buy orders and
information accumulation in the market stops:

xt=x2=1 (73)

Ht+1 = He (74)

(v) If u: € (0,k], then, a sell-cascade occurs: all informed traders submit sell orders and
information accumulation in the market stops:

xt=x0=-1 (75)

He+1 = He (76)

Corollary 2 focuses on the case where investors’ magnitude of regret aversion is relatively
small when they do not trade. It is shown that when the price is very low or very high, a “partial
cascade” occurs where some informed traders ignore their private information and do not trade. If
the price takes even more extreme values, a partial cascade will develop into a full-scale cascade.
The reason for investors to join a partial cascade or a full-scale cascade is that they do not want to
bet against the market and regret afterwards.

Corollary 3 Incase z > —, trading and information accumulation in the market are as follows.

‘\/_1
0] If u: € [u, 1], there is no cascade in the market: informed traders take positions following
their private signals, and the public belief evolves after trading. That is,
xt=1, xp =-1 (77)
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#ed if x,=1

e = {HOHOROGD) (78)
-syraps e =1
where § = ¢pq + (1 — ¢)/2.
(i) If u, >p, then, an buy-cascade occurs: all informed traders submit buy orders and
information accumulation in the market stops. That is,
xt=x2=1 (79)
He+1 = Ue- (80)

(iii) If u <u, then, an sell-cascade occurs: all informed traders submit sell orders and

information accumulation in the market stops. That is,
xt=x2=-1 (81)
He+1 = He- (82)

Corollary 3 focus on the case that investors’ magnitude of regret aversion is relatively strong
even when they do not trade. In this case, the effect of regret is so strong that full scale cascades
occur directly without the occurrence of partial cascades. Corollary 3 generalizes the result of
Proposition 1.

5. Conclusion

The present paper examines the effect of regret on investment in a market where investors can
choose to trade, or not to trade, an asset with uncertain value. Investors face the tradeoff between
the expect utility of investment return and the expected disutility of regret. When the market price
takes moderate values, investors take positions according to their private information. If the market
price becomes very high or very low, some investors will ignore their own information and do not
trade. In case the price is extremely high or extremely low, regret has such a strong effect that
cascade occurs in the market.
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