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Abstract

The disposition effect postulates that individuatsld losing investments too long.
However, many investors eventually sell at a |@$ss paper integrates prospect theory,
reference point adaptation and cognitive-expeiaiself-theory to provide more insight
on such investor's capitulation. We empirically dstuthe contribution of each
component as well as their inter-relationshipswo tlynamic experiments. Consistent
with utility maximization, we find a major effectf positive expectations. Second, a
larger total loss size and a longer time in a lpgosition are related to a downward
shift in the reference point. The dynamically adaptreference point indirectly
increases the probability to capitulate. Also, aerg loss leads to more negative

emotions, which also indirectly increases the pbdlig to capitulate.

JEL Classifications: C91, D03, D81.
Keywords: investments; adaptation; reference pataipitulation; selling decisions;
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. INTRODUCTION

In a recent JCR paper Zhou and Pham (2004) potrthaticonsumer financial behavior
is understudied in the field of consumer resedmzte of the most intriguing phenomena
in decision making under risk, particularly in fir@al markets, is the disposition effect.
Shefrin and Statman (1985) propose that invesend to hold their losers (depreciated
investments) too long and sell their winners (apjaited investments) too soon. This
proposition has received empirical support bothhia laboratory setting (Weber and
Camerer 1998) and in the market place (Odean 1998gan analyzes individual
trading accounts from a large discount brokeragesé@nd finds investors sell winners
1.6 times more often than losers. The prominentaggtion for the disposition effect is
based on prospect theory (Kahneman and Tversky)1B78spect theory posits that the
influence of a gain or loss on wealth is not meadun absolute terms. Rather, the
perceived value of each outcome depends on itardistto a reference point. Thus,
when facing a paper gain, investors tend to be-aiskse and choose the less risky
option by selling the winners. By contrast, wheairig paper losses investors tend to
choose the risky option and keep on to the losers.

Prospect theory, however, is relatively silent dbthe dynamic aspect of
financial decision-making. For example, it tells litde about why many investors
eventually do capitulate on their loosing investteghthe losses accumulate too much
or extend over too long a period. We address thjs ip the existing literature by
proposing a dynamic model for investor decision-imgk The model disentangles the
effects of time in a losing position and size addoon reference point adaptation by
combining different theories in this field. Adaptat of the reference point (from
prospect theory) is modeled as a change in thetaiitap level (from adaptation level
theory), which is influenced by the time and sizeeach stimulus. These two building

blocks are linked to investors’ emotions using fitenework of cognitive-experiential
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self-theory, which suggests there are two systenaecision-making: experiential and
rational.

We extend the results of a recent study by Arkesshiteifer, Jiang and Lim
(2008). They show that investors adapt to finangahs and losses as their reference
point shifts after the value of the investment gjem The focus in their study is a single
value change. In practice, however, individuals faeed with a chain of decision
moments: the decision to hold on to an investmead&y may account for the fact that
one can reconsider this decision tomorrow. To wtded how investors’ deal with
these multiple decision moments, it is necessamntiberstand how the reference point
shifts each time new information is received by deeision maker. We examine this
issue by carrying out two dynamic investment experits. We study how shifts in the
investor’'s reference point influence this indivileaemotions and expectations about
the investment's future performance. The differeffiécts are combined to investigate
their influence on the final decision to hold orotato capitulate on a losing investment.

Our main contribution is the integration of prospéueory, reference point
adaptation theory and cognitive-experiential sdléory in order to explain why
individuals eventually do sell losing investmemisspite the disposition effect. We find
a major effect of positive expectations on the sieai to hold. This is in line with
(rational) expected utility maximization. Secondlasger total loss size and a longer
time in a losing position are related to a downwshdt in the reference point. The
dynamically adapting reference point indirectly @&ses the probability to continue to
hold the investment via its impact on expectatidisreover, we find that a recent loss
leads to more negative emotions, which also intdietecreases the probability to hold
the investment, also via its effect on expectations

The remainder of this paper is organized as folld®ection 2 reviews prospect

theory, adaptation level theory and cognitive-eipdial self-theory. Section 3



integrates these three theories and postulatesnandg model of investor decision-
making. Sections 4 and 5 present our experimergalgds and results. Section 6
concludes and provides implications for future aesk on the adaptation of reference

points.

1. THEORETICAL BACKGROUND

2.1. Prospect theory and refer ence point dependence

Prospect theory postulates that investors evaloatisomes with regard to a reference
point. This is the salient neutral point on theleation scale, at which the slope of the
value function shows a sharp transition. If thecoute is above (below) this point, it is
considered as a gain (loss). Furthermore, progpeoty suggests investors experience
loss aversion: losses impose approximately douidepsychological effect of equal-
sized gains. In addition, investors show risk aeersn the gain domain, while risk
seeking behaviour in the loss domain. This is oédleé in concavity of the value
function above the reference point and convexitpwweConcerning the latter, although
selling a losing investment can prevent one froguiring additional losses, actually
realizing the loss is psychologically painful. Téfare, investors tend to choose the
risky option (holding on to the losing investmeng. keeping just “paper losses”) in
order to retain the possibility of avoiding painedér and Camerer (1998) and Odean
(1998) among many others report empirical suppmrthe tendency of holding losing
investments.

A fundamental and non-trivial issue in prospect otlye concerns the
determination of the reference point. Kahneman @wadrsky (1979) state that the
reference point can be the status quo, but als@xpectation or aspiration level, and
that it is unclear where the reference point abtuas. In financial decision-making,

there is no consensus which price determines fieeergce point. Some authors suggest



the initial purchase price of an investment (Wedoedt Camerer 1998; Odean 1998). By
contrast, the experimental results by Gneezy (2B808pest investors most likely use
the historical peak of a stock price as their rfiee point. Alternatively, Készegi and
Rabin (2006) and Yogo (2008) propose that the eefe point is one’s expected value
of the future outcome. In the field of consumerceriperception, Lichtenstein and
Bearden (1989) find that the basis of an interefénence price range remains largely
unknown, as each consumer may perceive pricesaandtheir basis differently.

Baucells, Weber and Welfens (2007) point out thatkiation to test past prices
as reference points, there is a wide range of eater point candidates, for instance,
purchase price, historical peak, weighted avera@e® may argue for choosing one
reference point candidate over another, but sireference point adaptation is a
subjective experience, it appears that the potergfarence points tested by previous
studies are all valid. Moreover, these referenagatpmndidates (prices) may have high
correlations with each other in a normal datashts Thakes it even more difficult for
researchers to disentangle the effects of thessremdfe point candidates. In fact,
Baucells et al(2007) suggest that in most previous studies ondikposition effect,
authors could also have applied an alternativereatee point without altering their
findings.

Empirically, measurement issues may explain whgratdttive prices have been
proposed as reference points. Inferring the retexepoint from investors’ trading
behavior or from purchase prices may result in synproxy. Thus, recent studies
propose alternative ways to elicit reference poiRty instance, Baucells et al. (2007)
asks subjects to report the selling price for witioly would feel “neither happy nor
unhappy”. A limitation of this measure is that paEpants have to understand the
concept of indifference and be able to expresspbathological state in terms of stock

prices. Arkes et al. (2008) inquire participantsnagine how happy (sad) they would



feel due to a previous gain (loss). In a seconp, steey ask participants to report how
much the investment has to appreciate (depreciate)ake them feel equally happy
(sad). The limitation here is that subjects mayehdifficulty imagining how they
precisely would feel about future gains and losdeading to inaccuracy in their
estimates.

Affective forecasting studies demonstrate that f@Espredictions of their own
hedonic reactions to future events are susceptilerrors and biases (Wilson and
Gilbert 2003). Although people often predict thdewge of their emotional reaction
(good vs. bad), or even the specific emotions (ey). correctly, they overestimate the
intensity and duration of their emotional reactioAgother limitation of former studies
such as Baucells et al. (2007) and Chen and R&2)2% that a series of outcomes is
presented and participants are then asked to rdportreference point. The use of this
type of retrospective evaluation can be highly &hgFreedman, Thorton, Camburn,
Alwin and Young-DeMarco 1988). Moreover, this methimgical approach does not
allow researchers to observe how reference polrasge over the course of the study.

In the experiments reported in this paper, we agkstors to report at what price
level they would feel satisfied and at what levetyt would be willing to sell their
invested security. We choose to measure the adaptat the reference point through
these in-direct measures, because the questiord asie readily be understood by
respondents. We conjecture that investors do magroheir goals unless their reference
point is lowered. By comparing the reported prieeels at multiple points in time, we
are able to infer the extent of adaptation. Previstudies in the management literature
show that the aspiration level is adaptive and ttcurrent aspiration level is reflected
in aspiration levels and performance feedback (K&zChen and Murphy 2002). Our
measure of reference point adaptation requires degsitive pressure compared to

previous studies. Given similar outcomes of différeperationalizations, we find that



such a low cognitive pressure is highly relevantda experiment in which subjects

have to provide answers on the adapted refererinéfpo multiple points in time.

2.2. Adaptation of the reference point

The empirical evidence that investors tend to avbalrealization of losses combined
with the phenomenon that many investors eventuddlysell their losing investments,
leads to the question what are the precise detantsrof this capitulation decision. This
is particularly of interest in a dynamic settinghexre investors can opt to sell or hold
every time they receive new information about als®performance. We argue that a
prime candidate determinant of the capitulationisien is the investors’ dynamic
adaptation to losses. Adaptation is a process inhwthe effect of a constant or repeated
stimulus reduces over time. Previous studies hawesvs that individuals are able to
adapt to various kinds of losses or other unpldasatuations (Frederick and
Loewenstein 1999).

Kahneman and Tversky (1979) propose that one’senttevel of perceived
wealth is determined by one’s adaptation to padtmaasent stimuli, in a similar way as
the adaptation level is affected by past stimulie Tadaptation of a reference point is
also sometimes referred to as a shift of the ratergoint or an updated reference point.
All definitions imply that the reference point i®tnstatic. Instead, it is affected by
previous outcomes. As gains (losses) accumulafererece points adapt upwards
(downwards). Thus, a subsequent price of a secigrifydged relative to this adapted
reference point. Their difference in value becormrsnput in the investors’ decision
process whether to hold on to or to capitulateinkestment. Since the perceived value
of each price level in a time series is dependarthe reference point, it is important to

get a clear signal of where the reference poistdied how investors adapt.



Chen and Rao (2002) suggest that people immeyliatelincompletely update
their reference point after experiencing an evdtey find that by holding the
economic outcome constant, the sequence of eveiiter( loss-followed-by-gain or
gain-followed-by-loss) affects one’s psychologiapgpraisal of the outcome differently.
Nonetheless, their study does not account for theamhics and uncertainties in
decision-making since outcomes are presented @ékpkmnd evaluated retrospectively.
Arkes et al. (2008) show adaptation of the refeeepaint exists, and people adapt to
gains faster than to losses of the same magnitude.

Adaptation level theory suggests that the percewedjnitude of a stimulus
depends on its relation to an adapted level thatetermined by preceding stimuli.
According to Helson’s formula (1964), the adaptatievel AL) is the average of past
stimuli levels, whileX; represents the current stimulus level, arepresents time:

AL, = ti Yo X, @)

By comparing adaptation level theory wittogpect theory, we can see that the
adaptation process is similar to a shift in themefice point along the value function
proposed by prospect theory. For instance, suppoednitially invests in a stock and
its share price drops immediately, while the rafeeepoint and the adaptation level are
the initial purchase price. The current changealu® is then judged to be a loss. Over
time, if one adapts to the loss, the adaptatioallesvthe average of the initial price and
the current price. In the framework of prospectotlye the reference point shifts
downwards along the value function towards the, lcsstoring the investors’ emotional
state. Later if the stock price bounces back, biyt t a level below the initial purchase
price, investors may already feel pleased agaicesihey perceive the change of price
to be a gain, although in terms of overall wedltkytare still in a losing position.

Adaptation level theory originates from studiested sensory systems, e.g. how

people adapt to weight and pain. Adapting to pshadiocal pain caused by a financial
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loss is not a purely sensory experience. It iskeffi that investors adapt to losses
precisely based on Helson’s formula. In fact, hisory has been criticized on several
issues. Sarris (1967) argued that extreme stinwinat affect the adaptation level as
much as Helson (1964) suggested. Parducci (196R)ested that the judgement of a
stimulus is influenced by the rank of the stimukithin a group of stimuli.

In our paper we do not literally follow the origifeamework of Helson (1964)
by constraining the adaptation level to be the tawerage of all past stimuli. Rather, we
argue that the effects of time and size of the tis on the reference point may be
disentangled separately. More precisely, we arpaé the total size of losses affects
how much the reference point shifts. In additioniakes time for one to adapt to losses,
such that the number of occasions over which tta knss has occurred also affects the
change in the reference point. As such, equatipns(insufficient in the sense that it
does not account for the possibly separate effédine. For example, it does not
differentiate how a more distant loss experiencgege&s ago and how a more recent
loss experienced 2 days ago may affect the adapthavel differently. To account for
this temporal component, Hardie, Johnson and F&DE93) propose the following
formula to model the adaptation level:

AL, = aX; 1+ (1 —a)AL,_4 (2)

Although the parameter now allows recent stimuli to receive more weidtert
past stimuli, it still does not allow for a full g&ration of time and stimuli. Our
contribution to the modelling of adaptation levethat we examine the unique effect of
time and past stimuli on adaptation level sepayatelallow for more flexibility at the

modelling stage.
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2.3. Dual processes decision-making models

Although Kahneman and Tversky (1979) point out ttmet location of the reference
point influences whether an outcome is perceived gain or loss, they do not specify
how adaptation of the reference point is relateddécision-making. The standard
finance and economics literature have producedrge Iset of rational, descriptive
models for decision-making. However, they have jusited predictive power. The
growing body of the behavioral finance literaturas rhighlighted some of the major
shortcomings of the standard approach: economicta@ee not as rational as typically
assumed. For instance, prior outcomes affect peoglisequent risky choices (Thaler
and Johnson 1990), and myopic loss aversion afiee¢stment behavior (Benartzi and
Thaler 1995).

Since the rational approach does not fully explawestors’ trading behavior,
our study adopts the dual processing approacheddsif solely focusing on the rational
process, we also consider the automatic/emoticiogless in financial decision-making.
That is, the decision-making process can be dividéa two parts — intuition versus
reasoning (see Chaiken and Trope (1999) for oweivi€ognitive-experiential self-
theory (Epstein 1994) clearly distinguishes betwé®n experiential system and the
rational system. The experiential system can autoaly and effortlessly process
information. It also interacts with the rationalssgm as a source of intuitive wisdom
and creativity. On the other hand, the rationakesysis a deliberative and effortful
system, processing at high levels of abstractiod handling long-term delays of
gratification. However, it is not an efficient sgst for processing the vast amount of
information in everyday life. Therefore, the ra@approach may only account for part
of what is going on in the investors’ mind. Thisyriae the reason why the expected

utility framework sometimes fails to describe oedgict actual trading behaviour.

11



Figure 1 demonstrates the application of cogniéxperiential self-theory on
modelling of investment decisions. Every price @@nan be seen as stimulus, which is
processed by the rational system and the expeariesystem. These systems interact
with each other; eventually a decision to hold orot to capitulate an investment is
produced.

INSERT FIGURE 1 ABOUT HERE

By synthesizing prospect theory, adaptation levetoty and cognitive-
experiential self-theory, we argue that when anestor experiences a loss, a new
adaptation level is created. The value of this ramaptation level lies between the
original reference point and the value of the 1G$ss adaptation level can be seen as an
adapted reference point in the framework of prostesory. By providing comparison
to other stimuli (i.e. subsequent changes in stootes), the adapted reference point
creates input values to both the rational and esptal systems, and eventually affects

an investor’s decision to hold or to capitulatettom losing investment.

1. CONCEPTUAL MODEL

3.1. Theeffect of loss size and time on reference point adaptation

Equation (1) implies that the adapted referencentpis determined as a recursive
average of all preceding stimuli. Thus, the adapéfdrence point is updated at every
point in time. According to equation (1), we expé#w adapted reference point to be
positively related to the sum of all previous chesx@h the stock pri¢&; = p; — pr—1),
and negatively to the number of time poirt)s The sum of past stimuli in our setting
thus collapses to the size of the total loss sired, i.e.(p; — py). As the stock price
drops more, the size of the total price change fesomore negative and the adapted
reference point is expected be lower as well. Rstaince, if a stock’s price starts at $10

and drops to $8 in the next period, the adaptedreate point should equal to
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($10+$8)/2 = $9. It is important to note that fologing investment a higher adapted
reference point actually indicates a smaller exténeference point adaptation. We do
not expect that the adaptation process followtkeise dynamics of equation (1), but
we do expect a significant relationship from thealttsum of past stimuli and the elapsed
time to the final adapted reference point. Thushwy@othesize:
H1:. A larger total loss and a longer time in a lospugition predict a lower
adapted reference point.

We model the effect of total loss and time on aalig as:

ALbk=a+f;-t+ B TLi+ & 3)
where AL denotes the adapted reference pditihe time in a losing position, aift.;
the size of the total loss. Instead of having caameter for the average loss (based on
equation (1)), this model consists of two paransgferandp,. Thereby, we disentangle
the unique effects of time in a losing position amk of total loss. The model in (3) is a

generalization in our setting of Helson’s adaptatevel theory in equation (1).

3.2. A dynamic model of investment decision-making
In this section we link the adaptation of the refere point, through its effect on the
rational and experiential systems, to the capitutatiecision. As a first step, we look
into the relation between the adapted referencet poid the expectation about a stock’s
future performance. In the field of management,tl(d892) shows that models applied
to expectation formation are also useful for déseg aspiration formation. Cyert and
March (1963) suggest an organizations’ aspiratevell is determined by what is
deemed possible. The perception of what is poss#éselts from the organizations’
desires. Thus, there is a positive relation betwgs and expectations.

We conjecture there is also a relation betweemasstor's adapted reference

point (investment goal) and this person’s expestatabout the stock’s future
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performance. That is, when an investor adapts fwemanced losses, this person’s
adapted reference point is lowered, while at timeesame her/his expectations about the
stock’s future performance also changes. Seconagxamine the relation between size
of the previous loss and emotion. Since it takee tior investors to adapt to losses, we
anticipate that the size of the most recent logsctf the emotions of most investors.
We have no theoretical grounds to suggest any teffethe most recent loss on the
expectation of the security’s future performancée Tgambler’s fallacy (Ayton and
Fischer 2004) would suggest individuals experiemecegative recency when presented
with a random sequence, which means that invest@ag expect the stock price to
bounce back. By contrast, findings on the hot-hiatldey (Ayton and Fischer 2004)
suggest individuals could also expect a positicemney.

In a next step we address the relation betweenceagp@en and emotion to the
decision to hold or capitulate the investment. Festandard finance point of view, it
is only rational to sell a (losing) investment wiere does not expect its price to go up
sufficiently in the future to off-set the risk dfi¢ investment. As proposed earlier, a
lower adapted reference point predicts less optiicnexpectations, which is positively
related to the tendency to capitulate on a losimgestment according to a rational
agent’s perspective. We thus hypothesize that al@adapted reference point is related
to a stronger tendency to capitulate. On the otlaexd, Shiv et al. (2005) found that
when compared normal participants to patients si#ile focal lesion in brain regions
related to emotion, the normal participants wereanlikely than the patients to avoid
risks and not to invest further when they have iirexl previous loss or gain. Perhaps
investors who experience more negative emotion ftieir losses are more likely to
choose to riskless option, i.e. to capitulate thenlg investment. Since the experiential
and rational systems interact, negative emotiodsidad by large previous losses are

related to the cognitive processes in the rati@yastem. Therefore, we expect that
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previous losses not only predict less positive @net but also predict less optimistic
expectations, which relates to the investor's gfesriendency to capitulate.

Thus, the effect of the adapted reference point prelious losses on the
decision to hold or to capitulate on an investm#émugh their respective influence on
expectation and emotion, is stated formally aofoll

H2a: A lower adapted reference point predicts lessnmigtic expectations

about the losing investment.

H2b: In turn, less optimistic expectations lead to agdar probability of

capitulation.

H3a: A larger previous loss predicts a less positiv@®on towards the losing

investment.

H3b: In turn, less positive emotions lead to a laggebability of capitulation.

This implies that the effect of the adapted refeeepoint on an investor’s
expectations and the effect of loss since the pusvperiod on emotions are modelled
as follow:

EX=a+ AL - B, + ¢ (4)
and
E=a+PL-B,+ ¢ (5)
whereEX denotes the expectatioil. is the adapted reference poitis emotion, and
PL denotes the previous loss.
INSERT FIGURE 2 ABOUT HERE

We argue that the process of capitulation takeseplas follows: when an
investor adapts to losses, his or her adaptederaterpoint is lowered. As the adapted
reference point drops, the investor's expectatansut the stock’s future performance
decreases as well. As it is only rational to haldurrently losing investment if the

investor expects a bounce-back in the stock’s éufrice, we anticipate that if the
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investor's expectations of the future stock pricevelopment become excessively
pessimistic, he or she is likely to capitulate tb&sing investment. On the other hand, as
we assume the psychological impact of total losigsnishes over time, we do not
expect any effect of total loss on emotion, butdeeanticipate that losses from previous
periods lead to less positive emotions. As thenati and experiential systems interact,
previous losses are also expected to predict pesginexpectations and a higher
tendency to capitulate. The effect of the adaptef@érence point, previous losses,
emotions and expectations regarding the furthedihglor capitulation decision on the
investment is modelled as:

H/C=a+ AL - By (EX - B3) + pr—1 *B2(E - Bu) + € (6)
whereH denotes holdingC capitulating AL the adapted reference poiiiX the

expectationp;_, the loss since the previous period, and E emotion.

IV.EXPERIMENT 1

4.1. Introduction

This experiment tests the prediction that adaptatiolosses affects investors’ decision
to hold on to or to capitulate a losing investmdespondents were presented with a
stock and they have to make multiple decisions bktiver to hold or sell such
investment. The amounts and timing of losses va@dss respondents. It is predicted
that, a larger total loss and a longer time in @ni@ position predict a lower adapted
reference point. The adapted reference pointsthegeavith the change of stock price
since previous period, are then processed by thengh and experiential systems.
Participants with pessimistic expectation and negamotions are expected to be more
likely to capitulate.

4.2. Method

In our first experiment, 111 students at a largeemity in The Netherlands (72 male,

16



39 female) participated, with a chance to win aGEpdize by enrolling in a lottery.
Regarding their investment experience, 44% of thiejests reported to have some
general experience in investing in financial masketvhile 36% of the overall
participants had experience investing in stockstidi@ants arrived at the lab and were
assigned to individual cubicles. They were preskntigh the scenario that they recently
started investing in a single stock — stock X. Emount invested in stock X was
predetermined and equal for every investor. Weiipdaip to 10 investment periods in
the experiment. After each period, participantsernsed information on the stock’s
performance and were asked to hold or sell theksfiwey could only choose to sell or
to hold the whole invested amount. Before decidmdiold or sell, they answered a
short questionnaire.

All participants incurred losses with their investmh in stock X. With random
assignment, participants first received 5%, 109629 40% maximum losses, and
these losses were incurred during a losing peribd,03 or 5 periods. Next the
participants who were still holding the stock exgeced a flat price period (up or down
stock price movements by a maximum of 1%) of eitbesr 4 periods. After that, a
second loss of 5%, 10% or 15% took place, afteckviine experiment ended. In total,
we specified 72 possible price change patternkss Gize: 5%, 10%, 20% or 40%) x 3
(losing period: 1 vs. 3 vs. 5 periods) x 2 (flatipd: 2 vs. 4 periods) x 3 (second loss:
5% vs. 10% vs. 15%). We used this design becausengists of larger variations of
price changes for each participant. This providesiitable basis for disentangling the
effects of time in a losing position and size & tbss.

We derived five measures based on Zeelenberg atdr®i(2004); Arkes et al.
(2008); Ayton and Fischer (2004). The investmeral geas reflected by two measures.
The first measure assesses the satisfy price ebiaxs: “In the next period, what is the

price of stock X that would make you feel satisfié@mean = 32.75.d = 5.35). The
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second measure is an estimate of the selling pilicehe next period, if the stock price
increases, what is the price you would sell at?2gm= 35.64s.d.= 6.26). The third
measure assesses the participants’ feelings foexperiential system: “How does the
performance of stock X make you feel?” Answersraported on a 9-point scale (1 =
very bad, 9 = very good), (mean = 3.84] = 1.87). The fourth measure assesses their
expectation for the rational system: “How do yoinkhthe price of stock X will change
in the next period?”; answers were also reported 8rpoint scale (1 = surely decrease,
9 = surely increase), (mean = 5.881 = 1.66). Our final measure indicates whether
participants chose to hold on to or to capitulatgrtiosing investment: “Do you want to
hold or sell stock X now?” (frequency of hold = 4&&quency of capitulate = 55). Our
measure of the reference point requires some addltidiscussion. We argue that
investors have a specific investment goal. For gt@ymone may expect the price of a
stock to increase from $30 to $35. This $5 incrdasequired to provide a positive
psychological value to the investor. Thus, we asldgects what stock price in the next
time period would make them feel satisfied (satfgfige). We also asked them at what
price they would sell the stock, assuming thatgtoek will appreciate over the next
period (selling price). These two prices servelwasimvestment goal measures.

The investment goal measures are used to estitmatadapted reference point,
as in Arkes et al. (2008). To illustrate, if theapted reference point &§ is AL, and the
satisfy price isS,, the difference betweeAL, and S, should be the same as the
difference betweedL, andS; atT;, assuming that the shape of the prospect theory
value function remains unchanged:

So-ALy =S, —AL; > AAL=AL, —AL,_; =S, —S;_, 7

For example, if one participant reports a satisfggat $37 af, and $35 af,
the adapted reference point is expected to havedt$2 downwards. Although neither

the satisfy price nor the selling price is the refee pointper se by holding the

18



prospect theory value function constant, any dffiee in the adapted reference point is
reflected by the difference between satisfy priod aelling price. Thus, by keeping
track of the differences in satisfy price and selliprice over the course of the
experiment, we capture the movement of the adapfedence point. We argue that this
is a suitable means for measuring the adaptedergferpoint since we make use of an
experimental setting in which subjects actually exignce the losses, instead of just
imagining losses (gains) as in previous studiesmastioned earlier, the low cognitive
load is relevant in eliciting answers for measuring adapted reference points. Thus,
we believe that asking for satisfy selling pricegriore understandable to the subjects
than indifferent prices as in Baucells et al. (200r asking for the price subjects
would feel equally happy (sad) about due to a previgain (loss) as in Arkes et al.

(2008).

4.3. Results
The partial least squares (PLS) approach was usethé analysis. Only the adapted
reference point has two measures. The remainirighlas have only one measure, such
that reliability and validity tests are not appbt& A total of 552 decisions were pooled
and analysed together. Structural coefficients veemaputed (see Figure 3). Standard
errors and significance were estimated using thetst@pping method, with 500
bootstrapping runs.
INSERT FIGURE 3 ABOUT HERE

Figure 3 indicates that statistically significariteets were observed from the
time in a losing position and the size of totatprchange on reference point adaptation.
Participants reported both a lower satisfy pricd aelling price, that is, their adapted
reference points had shifted downwards more styowdlen total price change became

more negative (beta = 0.355+ 8.187,p < .001) and time in losing position increased
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(beta = -0.081f = 1.996,p = .046). These results give strong empirical supt@oour
hypothesis 1, i.e., size of total price change #ral time in a losing position are
negatively related to investors’ adapted referqrunts.

To test the hypotheses 2a and 3a, the effects afdapted reference point on
investors’ expectations and previous price charmesmotions were examined. A
higher adapted reference point (higher satisfy aetling prices) predicts more
optimistic expectations about the stock’s futurefgrenance (beta = 0.156,= 3.445,

p < .001), while previous price changes also affieetstors’ expectation of the stock’s
future performance (beta = 0.185= 4.006,p < .001). Moreover, negative previous
price changes are related to negative emotions (be@.432,t = 12.053,p < .001),
while the adapted reference point does not sigmtiy predict emotions (beta = 0.065,
t = 1.898,p = .06). These results give support to our hypa@bheza and 3a, i.e. the
adapted reference point is positively related te’®optimistic expectations, and larger
previous losses lead to less positive emotions.

To test hypotheses 2b and 3b, we examine the aomlaimong emotion,
expectation and the decision to hold or capitutaetea losing investment. We find less
optimistic expectations about the stock’s futurerfgrenance are positively and
significantly related to the tendency to capitulstieck X, (beta = -0.277,= 6.777,p <.
001, with 0 = hold, 1 = capitulate), while more piee emotions do not significantly
predict a stronger tendency to hold (beta = -0.8341.037,p = .30) on to the losing
investment. Thus, hypothesis 2b is supported, yyobthesis 3b is not.

Logistic regressions were run to test if individdédferences (age, sex, fields of
studies and investment experiences) among sulgdieist their tendency to sell. No

significant effect is found.

4.4. Discussion
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Contrary to findings of previous studies (Shiv ket 2005), we do not find a direct effect
of emotions on the decision to hold or sell a Igsinvestment. We suggest that the
participants’ experiential system does not prodiheefinal decision directly, but that it
interacts with the rational system, i.e., when stwes feel bad about their losses, their
expectation becomes less optimistic so that tlegidency to capitulate increases. This
line of reasoning is supported by our empiricatilissas we find significant evidence of
interactions between these two systems: positivetiens predict more optimistic
expectations (beta = 0.242= 4.974 p < 0.001), while optimistic expectations also
predict more positive emotions (beta = 0.205,5.296 p < 0.001). This interaction is
consistent with experiential self-theory (Epstédif94).

Concerning expectations, when the total price chamg more negative,
participants report significantly more optimistixpectations (beta = -0.258+ 6.016,p
< .001). This reflects the bounce-back effect, et the participants expect a fallen
(risen) stock price to raise (decline) in the fetuAt the same time, when the previous
price change is more negative, participants repedsimistic expectations (beta =
0.185,t = 4.006,p < .001). These findings are in line with our asstiampthat both the
gambler’s fallacy and the hot-hand-fallacy may accu

The PLS results demonstrate that investors do adalatsses as their adapted
reference point shifts downwards over time. Furtiee, larger total losses and a
longer time in a losing position lead to a lowenjpigd reference point. Such a lower
adapted reference point is related to a more péessinexpectation about the losing
investment, which predicts a stronger tendencyapitalation. Our empirical results are
consistent with the findings by Arkes et al. (20@8) investors do adapt to losses.
However, we contribute that a lower adapted ref@epoint is predicted by a larger
size of loss and/or a longer time in a losing pasitOur empirical results have also

added more insight into the separate effects o fima losing position and the size of
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losses as we have disentangled the unique effepastf stimuli and time in a losing
position. Our findings support the conclusion ofréHa et al. (1993) that the temporal

component plays a critical role in (financial) dgen-making.

V. EXPERIMENT 2

5.1. Introduction

In a second experiment, we aim to test the applibabf the proposed model both in
the domain of gains and losses. We expect the ntode¢ more relevant for the loss
domain. Due to the convexity (concavity) of thewsafunction in the domain of losses
(gains) proposed by prospect theory, the effeeinodtions is expected to be opposite in
these domains. In the gain domain, because ofithimidhing marginal value, investors
are expected to sell the investments after reachirggrtain level of positive value
(positive emotion) derived from their gains. In flhes domain, less positive emotions
should lead to a larger probability of capitulatitwypothesis 3b). Therefore, a quadratic
relation is hypothesized. Stronger positive andatieg emotions both lead to a higher
tendency of capitulation. Thus, hypothesis 3b @ppsed to be applicable to the loss
domain only. On the other hand, there are no tlieategrounds to suggest that the

other hypotheses (1, 2a, 2b, 3a) would be inapukca the domain of gains.

5.2. Method

The experimental method is similar to experimentedcept that participants were
randomly assigned to 4 experimental conditiongriz¢ development: gains vs. losses)
x 2 (volatility regimes: high vs. low). We addedyhior low volatility conditions into
the design to introduce some variations of pricevengents in both gain and loss
conditions, in order to increase the generalizaloftour findings.

Ninety-five students (56 male, 39 female) particgolin the experiment in
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return for cash payment. Participants were paideddimg on the profit or loss they
incurred. Regarding investment experience, 37%hefsubjects reported to have some
experience in investing in financial markets, wh2&% of the participants had
experience investing in stocks.

There is one more measure for each of the systBorsthe rational system,
apart from participant’s expectations about whetther stock price will increase or
decrease, we also asked them to report the pratdhby expect to be most likely in the
next period (mean = 35.08,d = 9.20). For the experiential system, apart ffeeling,
we also asked subjects to report their (dis)satisfia level on a 9-point scale (mean =
4.72, s.d = 2.28). We derived these measures from Ferrad bBozza (2005);
Zeelenberg and Pieters (2004). These additionalsunea were incorporated in
Experiment 2 in order to allow assessment of tifeces of more specific emotions and

expectations.

5.3. Results
The PLS analysis was run to estimate the proposmitemin total, 627 decisions were
collected from 95 subjects, 303 responses frongtie conditions and 324 responses
from the loss conditions. Two participants did padvide selling price and satisfy price
at T,. We applied case wise deletion on the 13 decisioo®m these participants.
Structural coefficients were computed, their staddarrors and significance were
estimated with 500 bootstrapping runs. Figure 4reanzes our empirical findings.
INSERT FIGURE 4 ABOUT HERE

Figure 4 shows there is a significant and positefation between total price
change and adapted reference point (beta = 0t218,773,p < .001). That is, positive
(negative) price change leads to higher (loweissaand selling prices. However, time

does not predict adaptation of the reference pdieta = 0.0161 = 0.617,p = .537).
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Thus, Hypothesis 1 received partial support. As Hgpothesis 2a, a higher (lower)
adapted reference point predicts more optimist&Esgpnistic) expectations about the
stock’s future performance (beta = 0.112 2.014,p = .044), while previous price
changes do not affect investors’ expectations efstiock’s future performance (beta =
0.016,t = 0.483,p = .629). As for hypothesis 3a, positive (negatipegvious price
changes predict more positive (negative) emotibesa(= 0.726t = 34.348,p < .001);
higher (lower) adapted reference point also predicbre positive (negative) emotions
(beta = 0.078t = 2.531,p = .012). These results give supporbtg hypotheses 2a and
3a, i.e. that the adapted reference point is pedjtirelated to one’s expectations, and
previous price changes are positively related esoeamotions.

As for hypothesis 2b, our empirical results showatthmore optimistic
expectations about the stock’s future performance @ositively and significantly
related to the tendency to hold stock X, (beta 490,t = 2.228,p = .026, with 0 =
hold, 1 = capitulate). Thus, hypothesis 2b is sujgb As for hypothesis 3D, it is found
that there is a significant linear relation betwegaositive emotions and a stronger
tendency to sell (beta = 0.1125 2.526,p = .012). Nonetheless, the proposed quadratic
relation between emotion and decision to sell$s &und to be statistically significant
(beta = 0.232t = 5.297,p <. 001). In fact, the effect size and statistgighificance of

the quadratic relation are stronger than thoseefihear relation.

5.4. Discussion

The overall results of Experiment 2 are largely sstent with those of Experiment 1.

The adapted reference point is predicted by the t¥tange of price, but not by time.

Then the adapted reference point predicts an iddalis expectation about the stock
price and in turn affects the hold/sell decisidbs.the other hand, size of previous price

change affects subjects’ emotions, which in tufed$ the decisions. In Experiment 1,
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hypothesis 3b did not receive support that negaaetions do not significantly predict

a tendency to capitulate in the domain of loss. el@v, in Experiment 2, a significant

guadratic relation is found between emotion andiéecy to sell, which implies that

negative emotion does relate to the tendency tduafe. However the effect is only

significant when data from the gain conditions &aken into account as well. One
possible reason is that since participants’ paigé#round 3 to 5 Euros, which does not
impose a real financial impact on the subjects, rtbgative emotion evoked and the
urge to cut losses is limited.

Compared to Experiment 1, the effect of time in &kpent 2 is no longer
significant. This may be partly due to the pricevelepments in Experiment 2 being
different from those in Experiment 1. In Experimdntupward price movements were
less frequent and the size of upward movemeninigdd to around 1% of initial price.
In Experiment 2, however, more frequent and larg@wvard (downward) movements
were presented in the loss (gain) conditions. Revliae effect of time is more relevant
when a more obvious trend occurs, a phenomenon masdly recognized by

individuals in Experiment 1 compared to 2.

V1. CONCLUSION

We investigated why most individuals eventually sl their losing investments,
despite the disposition effect. We formulated a cemiual model that integrates
prospect theory, reference point adaptation theand cognitive experiential self-
theory. The model is tested using two laboratopyeexnents.

Experiment 1 shows a larger loss size and a lotiger in a losing position are
related to a more downwardly shifted adapted refsggpoint. This downward shifted
adapted reference point leads to less optimistpeetations about the stock’s future

performance, which predicts a larger likelihoodcapitulation. The actual decision to
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capitulate a losing investment, however, only degetirectly on the expectation about
the stock’'s future performance. The adapted reterepoint affects the actual
investment decision indirectly via its impact orpegtations. Results from Experiment
2 generally point in the same direction, except tha effect of time on adaptation
becomes insignificant. We also find that there guadratic relation between emotion
and the decision to sell, implying that both veogitive and negative emotions lead to a
significantly higher tendency to sell.

Thus, we have demonstrated the link between reder@oint adaptation and
(financial) decision-making. Most studies of themtisition effect use various purchase
prices (e.g. average, FIFO, LIFO) as proxies far thference point (Odean 1998;
Weber and Camerer 1998). We provide new implicationmeasuring the strength of
the disposition effect by locating the referencenfsp and. thus contribute to the
literature in predicting when investors’ capitutetitakes place.

Our experimental findings are consistent with thbgeChen and Rao (2002).
People immediately but incompletely update thefienence point after experiencing an
event. We found the adapted reference point dependthe time spent in a losing
position. That is, it takes time for investors tdlyf or at least mostly adapt to a financial
loss. Moreover, the adapted reference point’s @éudifvia expectation) effect on the
investment decision is in line with models propobgdKdszegi and Rabin (2006) and
Yogo (2008) that the reference point is one’s eigieamn about future outcomes. To
estimate the expected value of future outcome, rezexils to be aware of one’s own
perceived current state, i.e. adapted referena&.pbherefore, it is not surprising that
investors’ expectation for the stock’s future pemiance relates to their adapted
reference point. Our result is also consistent Wirtdings by Odean (1998) and Weber

and Camerer (1998) that the initial purchase piscan appropriate reference point in
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investors’ decision-making process, but its siguaifice is stronger right after a security
is acquired compared to later points in time.

In sum, the answer to the question on why losingestments are eventually
sold is that the reference point is adjusted dowdweéhen the total losses increase and
the investor is longer in a losing position. A lowadapted reference point leads to
lower expectations and hence an increased chancapitiilation. The effect of time-
point on expectations is fully mediated by the addpeference point change. However,
this does not apply for the effect of total prideange on expectations. Thus, further
research should address the mechanism linking poizé change to expectations using
other variables besides the adapted reference. pbaviertheless, such research should
incorporate the adapted reference point next tsetr@her variables. A particularly
pressing question is when time in a losing hasygrortant role, next to the size of the
total loss. Our results with regard to time wereeni although we can conclude that
there are conditions under which time in a losingifion is relevant. Perhaps time in a
losing position is only relevant in the presenceclgfar trends, such as those in the
October 2008 collapse of stock exchange markefedraps it also occurs under other
conditions. The latter is a topic for further intigation.

The conducted experiments were conducted withinoat $ime frame, while in
reality investors may have more time in-betweereingeg each piece of information,
thus the effect of time cannot be fully examineduch an experimental setting. Future
studies should try to replicate these findings Watiger samples and adopt more natural
settings. Moreover, finding meaning (learning asteg from an experienced loss might
help people to better adapt (Taylor 1983). We ssigtieat future studies should test if
there is a better adaptation when investors haugfecient time frame to “learn” from
their experienced losses. Zeelenberg and Pieté@4)2suggest that there are two

approaches: the valence-based approach (i.e. bydisg)ksatisfaction) and the specific
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emotions approach, to model impact of emotions onsgmer satisfaction and
behavior. Future studies may investigate how speeifiotions, for example, regret and
disappointment, may affect investors’ capitulati@mdency. In addition, recruiting
participants outside the university environment /andfrom the population of

undergraduates will also increase the validityhef findings.
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Figure 1.Framework of cognitive-experiential self-theorypl@s on decision process

of holding/capitulating on losing investments
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Figure 2. Proposed

model of decision-making in holding/cdpting on losing

investment
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Figure 3.Results of Experiment 1
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Figure 4.Results of Experiment 2
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