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Abstract

Various factor models extended by Jensen’s (J Financ 23:389-416, 1968) alpha have
been used to measure the retail investors’ portfolio (under-) performance compared
to the market portfolio. The previous studies tried to explain this anomaly in behav-
ioral finance by examining retail investors’ cognitive biases that induce irrational
trading behavior. While operationalizing these cognitive biases in trading is not
trivial, researchers still have found measures to proxy for biases and prove their sta-
tistical and economic significance. However, these studies only focused on linking
one or a subset of behavioral biases and their effect on portfolio performance. In
addition, different measures of biases across studies complicate the comparability of
results. Therefore, this paper provides a structured overview of the current state of
the literature regarding behavioral biases and their measurements to design a behav-
ioral factor model that should help to explain the performance alpha from a behavio-
ral finance perspective. The paper presents an overview of 11 behavioral bias factors
and 29 corresponding measurements to consider inputting in such a model. With an
application-oriented focus, it is recommended to include the most researched bias
factors in a factor model, which are also the most detrimental to portfolio perfor-
mance, as well as to include the most frequently used and least complex measures,
which results in the primary inclusion of the following eight behavioral bias factors:
disposition effect, under-diversification, home bias, local bias, lottery stock prefer-
ence, trend chasing, overtrading, and trade clustering.
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JEL classification G41 (Role and effects of psychological, emotional, social, and
cognitive factors on decision-making in financial markets) - G11 (Portfolio choice
and investment decisions) - G53 (Financial literacy) - C38 (Factor models)

1 Introduction

As history proves that the market outperforms the average retail investor, what is
driving investors to deviate from classic buy-and-hold strategies of market indices?
In Traut’s (2023) review, he names the most prevailing causes for this anomaly:
exposure to coskewness risk, investor constraints, agency problems, and behavio-
ral biases. This paper focuses on behavioral biases, trying to understand better why
people make certain choices and what can be done to improve those choices from a
behavioral finance perspective because when making financial decisions like invest-
ing, we are less rational than traditional finance theory predicts. Thus, instead of
making the best (rational) choices, we often make facilitated choices based on heu-
ristics that are rather satisfactory to our individual preferences (e.g., mental com-
partments) than rational. Cognitive biases induce this irrational investment behavior
as our (bounded) rationality is limited by our thinking capacity, the information that
is available to us, and time (Campitelli and Gobet 2010; Kahneman 2003).

Much research has followed Campbell’s (2006) call to financial economists to
work on insights that improve individual investors’ decision-making. For instance,
there is evidence that financial education programs may improve individuals’ finan-
cial decision-making (Fox et al. 2005). Yet, the average level of financial literacy
continues to be low (Lusardi and Mitchell 2014). Programs such as the “Save More
Tomorrow” plan (Thaler and Benartzi 2004), which target and exploit specific
behavioral biases, therefore appear to be a promising alternative. Financial advice,
on the other hand, is often found not to help investors, either because it is subject to
agency conflicts and may be biased due to the service’s commission and fee struc-
ture (Hackethal et al. 2012; Inderst and Ottaviani 2009), because financial advisors
themselves are affected by cognitive biases, e.g., loss aversion (Eriksen and Kvalgy,
2010), or because investors do not adhere to it (Bhattacharya et al. 2012).

If behavioral biases are detrimental to investment performance, how can we help
avoid them?

First, by raising awareness of their presence. The impact of behavioral biases
must be tangible (measurable) such that investors and financial advisors may under-
stand the link between the bias exposure and its costly effect on their portfolio per-
formance. Measuring the exposure to these cognitive limitations is not trivial, but
research has found ways (proxies) to operationalize investment behaviors, which
will be presented and discussed in Sects. 3 and 4.

Second, these behavioral biases must be integrated into a holistic performance
attribution model so that investors can recognize the underperformance’s origin. A
performance attribution model typically includes at least one performance factor
and an additional performance measure. The most famous and widely accepted per-
formance measure is Jensen’s alpha (Jensen 1968), which determines the abnormal
return of a security or portfolio of securities over the theoretical expected return. For
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example, in the context of asset pricing, the Capital Asset Pricing Model (1) uses a
market factor (expected return of the market) and a sensitivity factor beta to deter-
mine a theoretically appropriate rate of return for an asset (Sharpe 1964). Then, the
alpha measures the idiosyncrasy of a given retail investor’s portfolio compared to the
market portfolio. Further factor models (2)—(4) include the three-factor model (Fama
and French 1993), the four-factor model (Carhart 1997), and the five-factor-model
(Fama and French 2015), which also include factors regarding the firms’ characteris-
tics held: small minus big (SMB), high minus low (HML), the momentum (MOM),
robust minus weak (RMW), or the conservative minus aggressive (CMA) factor.
In addition, Daniel et al. (2020) proposed a three-factor (5),' including a financing
(FIN) and post-earnings announcement drift (PEAD) anomaly factor.

(R—R;) = Py * (R, — Ry) + (D)
(Ri—R;) = B, * (R, — R;)+Py * SMB + B % HML + 2)
(R—R;) = B, * (R, — R)+Pyp * SMB + By, % HML + B,  MOM + o;
3)
(Ri_Rf) = ﬂm * (Rm - Rf)+ﬂ.vmh * SMB + ﬂhml * HML + ﬁrmv * RMW + ﬁcma * CMA + aj
C))
(Ri—R;) = B, * (R, — R;) + By, * FIN + B,..q * PEAD + g 5)

In the respective equations, the alpha quantifies the abnormal return of a port-
folio compared to the included factors in the mentioned models, and any devia-
tion from these models (aj # 0) can be seen as idiosyncratic because these models
tend to explain roughly 95% of the achieved portfolio returns (Carhart 1997; Dan-
iel et al. 2020; Fama and French 2015, 1993). However, these models assume that
retail investors hold a diversified portfolio and disregard transaction costs (trading
frequency), whose costly presence is discussed in Sect. 4. Therefore, it is suggested
to further examine the idiosyncratic component of these models, the alpha com-
ponent, by considering behavioral biases to derive the explanations for the perfor-
mance deviations from the mentioned factor models above. The determined variable
(alpha) should be explained as a function of multiple behavioral bias factors multi-
plied by a sensitivity factor beta.

! Daniel et al. (2020) proposed a “Behavioral Factor Model” consisting of two factors based on thirty-
four anomalies (firms’ characteristics), PEAD proxying for short-term anomaly (limited attention) con-
structed by going long firms with positive earnings surprises and short firms with negative surprises and
FIN for long-term anomaly (overconfidence) by considering a composite of the 1-year net-share-issuance
(NSI) and 5-year composite-share-issuance (CSI) measures. Daniel et al. (2020)’s approach is different
from this paper: Their overall goal was to examine mispricing in financial markets based on firms’ finan-
cials, while this paper provides bias factors to examine portfolio return anomalies (the alpha component
of the mentioned models) of retail investors based on retail investors’ bias-induced trading behaviors.
However, similarly to the other named factor models (1)—(4), the bias factors provided in this paper could
enhance the applicability of the model (5) on retail investors by explaining its alpha component. In com-
parison with (1)—(4), the factors FIN and PEAD must be calculated manually.
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;= p, % BIAS, +(...) + B, * BIAS, + ¢ ©)

Eventually, a visual presentation of the alpha return decomposition into multi-
ple investment behaviors in a financial tool would help the user (retail investor and
financial advisor) to realize the implicit costs of specific behavioral biases in port-
folio choice and management and would consequently enable appropriate actions to
mitigate those.

Hence, this paper should provide the foundation further to explain the factor mod-
els’ idiosyncratic component alpha. Therefore, two requirements for a holistic evalu-
ation of behavioral biases are defined, which align with the mutually exclusive and
collectively exhaustive (MECE) principles (Minto 2002): First, a holistic approach
implies the collective exhaustiveness of the behavioral biases considered. Therefore,
an extensive literature review was conducted. Second, mutual exclusiveness means
that behavioral biases do not overlap. As this paper performs a qualitative assess-
ment of empirical studies, there will be no quantitative examination of correlations.
However, in the conclusion of this paper, a reduced number of behavioral bias fac-
tors are suggested based on the maturity of the research of the respective biases and
based on the validated economic significance in numerous studies.

This paper contributes to the intention of policymakers and financial advisors
to improve programs or measures intended to make investors aware of their costly
investment behaviors and subsequently enhance their financial choices and, thus,
investment performance. Additionally, this paper provides an extensive review of
existing behavioral biases, which enables the holistic and systematic examination of
behavioral biases in portfolio choice and management in the future research.

The remainder of this paper is structured as follows. Section 2 provides the meth-
odology, and Sect. 3 collects empirical evidence in various settings. Section 4 lists
and discusses the results. Finally, Sect. 5 provides a conclusion of the findings.

2 Methodology

A systematic review of the international literature on behavioral biases in trading
was performed according to the PRISMA method (Moher et al. 2009) for studies
published in two electronic databases: Google Scholar and the University Library
RWTH Aachen. The review focused on identifying a set of operationalizations of
investment behaviors (bias factors) and their effect on portfolio performance in
quantitative studies. The search was performed by combining keyword blocks such

9% <el

as “investment behavior,” “investment bias,” or “cognitive bias” with “operationali-
zation,” “measure,” “private investor,” or “behavioral finance.” Additional studies
were identified by following references that met the inclusion criteria. The flowchart
of this process is shown in Fig. 1.

The selected studies were eligible if they met the following inclusion criteria: (1)
They had to be either relevant (high number of citations) or recent (recently pub-
lished studies), (2) they had to conduct quantitative measurements of investment

behaviors, and (3) they had to be written in either English or German.
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Articles identified based on general keyword
search (n=136)

Identification

A

Articles screened (n=136)

v

Articles removed as notrelevant based on
the abstract (n=28)

A4

Articles assessed for eligibility (n=108)

v

Articles removed as not relevant based on
the full text (n=24)

Elegibility

Articles included in review (n=84)

v

Articles removed due to not providing
quantitative measures for behavioral biases
(n=50)

Articles included in the final analysis (n=34)

Fig. 1 PRISMA flow diagram (Moher et al. 2009)

After identifying relevant studies with the keyword search, the identified studies
were merged and initially screened for eligibility based on their titles and abstracts.
Then, full-text studies were further assessed for eligibility, i.e., checked that the
inclusion mentioned above criteria was satisfied.

3 Results

The keyword search initially led to a total of 136 studies. Twenty-eight of these
136 studies were excluded from screening the initial abstract, and 24 were excluded
from screening the complete text because they were assessed against the inclusion
criteria. The remaining 84 studies were reviewed, focusing on bias-induced invest-
ment behaviors, their operationalization, and their effect on portfolio performance.
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However, 50 of these studies did not provide quantitative measurements and their
impact, so these were further excluded from this review. Eventually, a total of 34
studies were included in this systematic review. Table 1 presents the main character-
istics of the included studies in this review.

3.1 Publication year and sample data

The review includes 34 studies over 23 years, from 1998 until 2021. No relevant
studies were published in 2002, 2003, and 2004. From 1998 until 2009, 17 relevant
studies were included with an average of 1720 citations; more recent 17 studies had
300 citations. Most studies were conducted in the USA (n=22), followed by studies
considering multiple countries (n=4), Germany (n=3), Finland (n=2), and then
the Netherlands, Brazil, and Sweden (n=1).

3.2 Duration of examinations and target groups

The duration of the examinations varied considerably from 1 to 7 years for retail
trading data obtained from brokerage firms (n=19) and from 6 to 79 years for pub-
licly available data sets, e.g., stock trading data from stock exchanges and surveys.
Whereas the former exclusively analyzed the trading behavior of retail investors, and
the latter (publicly data sets, surveys, or stock market simulations) analyzed charac-
teristics of stocks, funds, and indices.

3.3 Bias-induced investment behaviors

The bias-induced investment behaviors included in this review were analyzed, and
the results are presented in Tables 1, 2, 3, and 4. The first table (Table 1) provides
an overview of the included studies, their characteristics, the examined bias factors
and measurements, and their key findings. The second table (Table 2) briefly sum-
marizes the definition of the identified behavioral bias factors, the number of studies
that examined them, the total number of measurements, and their effect on portfolio
performance. Finally, the third table (Table 3) provides an overview of the measures
used to operationalize the behavioral biases in the reviewed quantitative studies, and
Table 4 concludes with a recommended shortlist of bias factors and measures.

3.3.1 Operationalized behavioral biases

Eleven bias factors were identified in this review and are described in Table 2, while
their measures are presented in Table 3. Bias factors were grouped into three groups
based on their similar characteristics to have a comprehensible overview and are
introduced by a short description in the following.

@ Springer



271

Measuring costly behavioral bias factors in portfolio...

(ed %ze9'T

srenba e119p) %010~ Jo eydie A[yiuow € oAy
(Surwrely 1S9MOLIEU Y} SN} PUB) D, IS9MO[
AU} YIIM SIOISIAUT ASOY) pue %1 /7°0- Jo eydfe

EINS 151N
< (1'01) Surmasni) dper],
V/IN < (1'8) SutpenioaQ

A[yruow & 9AeY (Surwel) 1Sopeolq Y3 sny) V/N <
pue) Sura)sn[o ope) 15oySIY oY) YIIM SIOISIAU]  (£'7) UOIIBOYISIOAIP-IOpUN) oner
erd 97¢y £q Sy rewyouaq dourw EINSLFEING adreys ‘wimarx (8002
-10310d uOWWOD Ay} wWIojIdIOpUN SI0ISAAU]  «— (T'[) 309y uonisodsiq me1 ‘eydpy SIOJSOAUL [1B19Y  ®Bjep oSeroyolg vSn 9661—166] WIT pue rewny|)
109JJ0 uon
-1sodsIp ay) 2onpar 0} spud) Kouanbaiy Surpely, VIN <
199JJ9 uonIsodsIp 1omo| (1°7) UOLROYISIOAIP-IOpU()
®J1QIYX? suonednodo [eroueuy [euoissdjord ur VIN < (9002
pokojdwo s[enprAIpur pue S[ENpPIAIPUT ISIYI[EAN (T'1) 1005 uonisodsiq VIN SIOJSOAUT [I210Y  EJEp dFeloyolg vsn 9661— 1661 nyz pue reyq)
PIOS JOU I Jey]) SISO J0J ST I1 uey)
QIO 9% ¢ ST JeaK SUIMO][O] O} JOAO UINJAX
$SQ0X 9TRIOAR AU} P[OS I ey} SIQUUIM JO
e'd %6¢‘z Aq (s1950] 2 A[uo daay| Jep) S10)
-SOAUT P2309YJo uonisodsip ay) wirojradino (s19 aAneSoN UINJAI SSAIXD
-SO[ pUE SIoUUIM) S}003S [joq Surdooy s101soAu]  «— (7'1) 30o1 uonisodsiq ‘uImnjer mey SIOJSOAUL [1B)9Y  Eejep oSeroyoIg VSN €661—L861 (8661 ULaPQ)
sSurpuy Koy (@) (1) dnois 1e81e], Ppseeq  Anuno) pourad ojdweg Apmg
(¢ a1qe] ur

PAqQLIdSAP JAy}IN,,) 9duewIojiad orojiiod U0 199JJ0 PUE ,SJUSWAINSEIW ‘SI0JOBJ SeIq [BIOTABYQQ PAIIPISUOD (7) PUE SAINSLAW QOUBWLIONS] (])—SSUIpuUl MaIAdy | 3|qeL

pringer

As



D. Gorzon et al.

272

AneSoN «—
(1°6) "Joid Yoorg A1ono]
AneSoN
soo11d yo01s s109ye Suipen [reja1 aane[ndads  «— (¢'1) 199 uonisodsiq
9, —IMOQqe 10q aIe sajewnsd wniwaid g1y V/N «— wmar (€10T
PAIsn[pe-ySLI pue -ONSLIAJOLIRYD PIZI[ENUUe oy, (7'1) 109y4 uonisodsiq mer‘eydly  SYO0IS ‘SIOISQAUL [Ie)oy  ejep dSeinjorg vSn 0007—€861 Iewny] pue ueH)
(30912 uonIsodsIp 2s10A31) ured
© SII1 JI [[9S 0} A[oYI] SSO[ 9I€ SI0JSIAUL ‘Spuny 1o
PAINOAX3 ST J[BS AUO ISBI[ I8 YOIYM Ul
SYIuOW Ul urege [[9s 01 AN JIOW e SIOISIAU] VIN <
(9s10A21 (1°7) UOLIROYISIOAIP-IOpU()
pue J1sse[d) 10910 uonIsodsip jo apmrugewr V/IN < 9107
IOUSIY Ul S)[NSAT 9OUBUOSSIP dANIUS0D JoZIe] (°1) 1094 uonisodsiq V/N SIOJSOAUL [1B19Y  ®Bjep oSeroyolg vSn S10T ‘Te 10 Suey))
aAneSoN
«— (]°6) 20UAPYUOIIIAQ
AneSoN

«— (T'11) SMaN orwou
-09301JRIA] 0) UOHIUNRU]

AneSON «— (['T1) SMON
Sururey o) uonuaneuy

AneSoN
«— (7'01) Surwrer] moireN
199JJ9 uonisodsip Jo sanuinb swanxe ANRION —
Ay} usamIaq duIYIp ‘B'd %¢ T snooeuy (£°6) "Jo1d Y001 K101107]
(dno13 Surwrery morreu 1Somof Y} AAESIN «+—
0 paredwoo dnoi3 Surwey morreu 3soySiy oYy (1°6) "Jo1d Yo01§ K101107]
J10J uImax romof ‘e'd 971°7) Suruery molreu aTeSoN
Ul 9SBAIOUI UONRIASD PIEPUR)S O8I JOJ Yjuow «— (I'y) serg [eoo]
12d %1400~ AQ TomO[ ST uInja1 A[iuows ueajA! VIN
e'd 906t Jo oueuriojradiopun «— (1'9) Surseyd puaiy, onerx
Ppajsn[pe-ySLI 0jul SAJB[SUBT) YIIYM ‘94 G/ €0 — JO aAneSoN adreyg ‘uingor (1102 -
eydye A[qjuow UeaU € 9ABY 9SBIOAR UO SIOISOAU]  «— (7'T) 1093 uonisodsiq el ‘eydpy SIOISOAUT [T}y ejep oSeroyorg VSN 9661—1661 ‘Te 19 Korreq) %
]
sSurpuy Koy (@) 1) dnoi3 1e31e], Pseeq  Anuno) pourad odweg Apms Sm..
(ponunuoo) | ajqey @_



273

Measuring costly behavioral bias factors in portfolio. ..

(ed %$T°0) %20°0 Aq surmox

V/N = (1°8) SuIpenioaQ

orjopiod ATyuour ur 9SEQIOUT UB IIM PAJe V/N <
-100SSE ST SUIPEI) 9ATIOR JO IUOW [BUONIPPE dUQ  (7'7) UOHBIYISIOAIP-IopU)
yuow 13d %6170 JO VIN < poylew
dourw1oj1ad o1jopi10d ur 9sBaIOUL UB YIIM PIje (1°7) UONBOYISIDAIP-IOpU)  Z)AI pIayIpowr
-100SSE QI8 SOpEI) dAT)OR [euonippe (00| :Suipen V/N «— onelr Kuew (®Z10T
£q (sourwrioyiad 11oy) 2A01dwT) UIR] SI0ISIAUT (Z'1) 199y4 uonisodsiq adreyg ‘eydyy SIOJSOAUT IR0y ®BIep ofe1oyolg -1 £002—000T ‘T8 10 KN
Surpen anunuod 0y AN $s9f
%G1 INOQE OIE UBdW 9} UBY) ISIOM UOIRIADD
pIepuels dUO I8 doUrWLIOLIdd 9S0YM SI0ISIAU]
J100d st apexn o} Ajiqe Iy
ey Surzipear 1o)je Jurpen dojs SIAYIO A[IYM
‘9ouaLIadxa )M FuIpen Je 19119q dWoddq SI0) V/N < 102
-SoAUT owoS :Surures] Jo sadA) om) Jo douapIAg (9°1) 1099 uonisodsiq wInjar Mey SIOJSOAUI [1B)9y  Ejep oSeloyolg  puejurj €002—S661 ‘[® 30 NIAS)
VIN <
(1) 300 uonisodsiq
VIN <
PIOJJJE SSI IR SI0ISIAUL PIOUSLIdAXS SIOJA (1°1) 1099 uonisodsiq sjuopn)s
9() 1918213 V/N «— Jjenpeidopun uone[nwIs (€102
199339 uonisodsIp e aAey s102[qns ay) Jo %769 (Z'1) 109p7 uonisodsiq V/IN PUB SIOJSIAUI [IRIY JoIRW YO01S nzeig 1002—L661 ‘T 19 ©1S0D B(QQ)
sSurpuy Koy (@) 1) dnoi3 1e31e], Pseeq  Anuno) pourad odweg Apms

(ponunuoo) | |qey

pringer

As



D. Gorzon et al.

274

QATESAN «— (1°L)
areyg JoAouing, Surpeo|
AATISOq
«— (1°01) Sunwer] MoLeN
EINSLREING
«— (1°8) SuipenioaQ
AneSoN «—
(T°6) "JoId Yoo15 A1ono]
QAnISOq
«— (I'p) serg [ed0]
AnISoq
« (7'¢) serg swoy
AAESIN «+—
ed %60°1 49 (£'7) UONEOYISIOAIP-IopU)
Qouewtoyrad saaoxdwr Surseyo puar) ‘spunj 10 AAESON «—
ed 9¢1°z £q oouewrtoyrad soaoxdur (Sut (7'7) UOnBOYISIQAIP-IopU)
-wrelj mo1reu) SurINsn[o apex) mof oym ‘e'd QATISO]
%1€ J0ISOAUT UE $1500 2oua1djaId 3o0Is A101107] « (1°9) Surseyo puai], onerx
JIOJSOAUT PAYISIOAIP A[[NJ B UBY) SUINJAI O[O} QANISOJ adreyg ‘uingor Wwioc
-110d TENUUE JOMO] %7} © SBY JOJSOAUT UBSW o], «— (9'T) 19o5d uonisodsiq el ‘eydpy SIOISOAUT [T}y ejep oSeroyorg — odomng 1102—6661 “Te 32 19qoM)

-

Y

o0

R

sSurpuy Koy (@) 1) dnoi3 1e31e], Pseeq  Anuno) pourad odweg Apms Sm..
(penunuod) | sjqey @_



275

Measuring costly behavioral bias factors in portfolio...

(or0p10d PAYISIOAIp 210U B 0} SUIPE])

PIoY 9q 03 puny © J0J Afiqeqoid JoySiy v pue

PIoY S300)s 210U ‘(A)NBJOA JOMO] B JO ISNBIIq
Aqurew) oner adreyg 10y3ry e 03 spead| O JoyS1H

(S001$ SB [[oM SB Spunj pjoy SI0JSAAUL
Jo %97) spunj Aq pajioddns s1 uoneoyisroAlq
UOTNBOYISIOAIP [RUONBUIOUI BIA IRWUYOUIQ
o1SaWop 9} WI0J1adINO SpP[oyIsSNoY ISOIA
(onedde ysur 1oyS1y) A[oa1ssor3de pue
A[UaIoyJo 210w JSIAUL S10JsdAUL pAjednsiydog
9SIGAR YSLI 00}
Suraq J0j "e°d 9,¢‘ pUBR UONBOYISIOAIP-IOpUN
anp ‘e'd 901 03 dn sesof ajdwres ay) Jo 1sqns Y

so110j110d pIYISISAIP-1119q ‘1A

-owny-ysSiy ueyy Jopeq wiojrad sorjopiod pay
-ISIQAIp-Iopun ‘1oaouIn-y3iy ‘A[Surstidins JSop

SUINJOI I0MO] SUTUIRD SB [[oM SB UONRdY

-ISIQAIP-19pUN 128213 J1qIYXa spuan 2o1d jsed

0] QAIIISUDS T8 PUE ‘SYJ0)S [BIO] PIBMO) SOI[O]
-110d 119Y) J[1) ‘A[OAISSI0XO OPEI} OYM SIOISIAUT

uonewIojul Jorradns jo osneoaq pay

-ISIOAIP-IOpUN SIOJSIAUL JO JSqNS [[BWS B INq
‘SI0JSQAUT JSOW 0) A[ISOD ST UOTIRIYISIOATP-IIPU[)

S[Io9p PaYISIoAIp

1soyBiy oy e (erd %y 1) wuow rod %710
JO eydye J9MO] © SeY 9[199p PAYISIOAIP 1SOMO] Y],

(1°7) UOTIBOYISIOAIP-IopU() SI0JSOAUT [ENPIAIPUT [V

(#'7) UOTIROYISIDAIP-IOPU() SIOJSIAUL [eNPIAIPUL [
«— (]°6) 20UPYUOIIAQD
«— (1°8) SurpenianQ
«— (Tp) serd [e00]
(€'7) uonesyIsIaAIp-19pu)
(2'7) UONEBOYISIOAIP-19pUN
(1°7) uonESYISIOAIp-10pU()

«— (1°9) Surseyo puai],

(2'1) 19y4 uonisodsiq

110z

200T-S661 T¢I NeIQULID)

(900

20026661 ‘T8 19 19A[RD)

(800T Tewnyy

9661—1661 ~PUT UIRWZIA0D)

sSurpuy Koy

Pseeq  Anuno) pourad odweg Apms

(ponunuoo) | |qey

pringer

As



D. Gorzon et al.

276

Soueuriojred uo joeduwr
aAnIsod B pajedIpul UdA? seIq dWoY “YS) Y} Jo]
erd 91 uey) 10y31y oq
0) A[I] USAD QI® SeIq SWIOY B WOIJ $1S00 9y}
‘epeue)) pue ‘Afe)] ‘oouel ‘Kuewron oy e'd
%1 uey) JomMo][ 29 0] Pa)dadxa 99 UBD SUINJAI
ur ssof ay ‘ueder pue ‘3 Ayl ‘S Y3 Se yons
“oyrew [eyded padojeasp  pue uonezifeyded A
Jo W YSIY B YIIM SOLIUNOD UL SIOISIAUT JO -[IR[OA USAIS (S00T
wmjar 1ySy Ieqpoun © 10} uInjor “0 ‘Z)0)§ pue
® 0] SPBI] UONBOYISIOAIP [RUONRUINUI IYSIY «— (]°¢) serg awoy ‘oner adreys SOOIpU]  SAIpNIS snoiAdld N S00T—6L61 "d ‘YISZIIN UOA)

Kouanbaiy

Surpen 19yS1Y YIIM SOIR[OII0D (SOA[OSWAN)
$I01S9AUT ) AQ passasse) douajedwod Y3y

s10sse US1210J PIOAE 0) A[YI[ 210U

S1.9Y “Jua1odwod $SI[ S[I) JOISIAUL UB USYM

9SeNUOd U] *SANLINOJS USIAIO0) Ul ISIAUL O}

Sur[Im 210U ST Y ‘S}OSSE UFIAI0J UT FUTISIAUT

UL POAJOAUL SYSLI PUE SIJAUdq oY) Surpuels
-Iopun Jnoqe JuAadwod S[9) I0ISIAUT U UYL

KaaIng
101s9AU] (600T
V/N < (€°€) serg swoy VIN SI01SIAUL [TeIY dnjren/san vsn 200T—6661 ‘e 39 weye1n)

s3daouoo pue suon

-e1odo [edLIoWNU-[RIdURUY JIskq UT S[[IS pood

QABY JOU S)JUSWISIAUT JI3Y) P1im d[oy [BUINXd

0} UIN) JOYIIU OYM IS0} AQ PALINOUT dIe UOT)
-BOYISIQAIP-IOpUN WOI) SUN[Nsal $aSSO[ 159318

(3oprewt

Ay 03 paredwod ssof paysnlpe-ysu) ‘e'd
%SG 0 ST I0JSOAUT UB JO SSO] UINJOI 9 IoAR O],

WINJAI JOMO] QABY

sorjoj)10d Ion{SLI Jey) Surueaw SSO[ WINaI oY)
I A[SNONUNUOD SISLI JUILOYJI0D 193IeW Y], (') UONROYISISAIP-IOPU[)

AneSON — Koaans spue| (S10T
oneradIeyS  SI0JSOAUT [enpIAIpUI [V P[oyasnoy yong  -IOYION 9002-5S002 Ioyoopnen)

sSurpuy Koy (@) 1) dnoi3 1e31e], Pseeq  Anuno) pourad odweg Apms

(ponunuoo) | |qey

pringer

As



277

Measuring costly behavioral bias factors in portfolio...

ed %80 £q
JoyIRWw Y WwiIoj1adino sorjojiaod [800] $103SAUT
SNIPEI dWes Y UIyIm paroyrenb-peay st 1oy
-Iew Ay} Jo %7 ATUo a[Iym ‘(JYSIOMIdA0) %0¢
ST 01[0]10d S 10ISIAUT UT SJ00IS [BOO] JO AIRYS

or[oj10d 1o3IeW Y} 0 URY) JOMO] SIIU
80¢ 9SeI1oAr o st orjopIod UMO 01 OUBISI
SYO0IS
00Sd?®'S [B90] UI IsoAuL Jey) spjoyasnoy Aq
PAUIBD UINISI $SIOX OU ST I3} Sy “(3s33re|
9q ABW SI0]SOAUI [BOO[-UOU PUE [BIO] UdOMI]
SOINOWIWASE [EUOTIRULIOJUT QIOYM SULIL)
Xopul ))Sd2®'S Y} Ul 10U $3[00Is Suowre 13re|
UQAQ ST A[[e00] SUNSIAUL 0) UINJAI SSAIXA Y,
3parmouy
[290] 310[dX3 0] S[qR AT SIOISAAUI [BO] TR}
Sunsagd3ns ‘sSuIpjoy [BOO]-UOU SIT 0) QATR[T
s3urpjoy [eo0][ s11 woy Jeak 1od 9/ ‘¢ Jo uInjax
[eUONIPPE UE $AJBISUS PIoyasnoy dSeIdAe Y[,

(1omySLI Os[e

QI SJUSUIISIAUT [BI0] SUIUBIW) JUSIJJIP JOU ST

oner adaeyg a1y ySnoyje—syo0)s [eI0[-uou

0 paredwos e°d 9/9‘ JO UINJAI SSIIXA Uw
QAQIYOR SI9TRUBRW PUNJ JO SYUSUIISIAUT [BIO]
QW) JOAO SSI PUB SSI] W0 SeY SeIq SWOH

(60) S1oxTew SurSiows ur 1oy3Iy pue

(60 moqe) adoing ur 1omo[ Sureq SALHUNOD
qrdn[nuw ssoId. £9°() ST SIq WOY ITBIIAL Y],

QANISOd
<« (T'p) serg 1eo0]

QANISOJ
«— (T'p) serg [e00]
V/N < (I'p) serd [e90]
VIN <
(1°7) UOLIROYISIOAIP-IOpU()

QANISOJ
«— (T'y) serg [eo0]

VIN < (¥'¢) serg owoH

uInjer
$590x%2 ‘eydyy

w1
SSQ0X9 ‘UINaI
mer ‘eydpy

eydry
‘SUINJAT Mey

VIN

SIOISOAUT [TEIY

SY00)S ‘SIOISAAUT [TEINY

sIogeuew puny [emny

ST

vjep oSeIdyoIg

eyep oSeioyoIlg

ejep
spuny [emynu S

$19S elRp J[qe
-[reAe Aporqng

(010T NYZ

VSN 9661—T661  Pue S3[0yseas)

(so0z
JOUUAQSTOM
pue J1A0YA])

vsn 9661—1661

(1002
ZIIMOYSOAL
pue [eA0D)

vsn Y661-SL61

(€107 £y pue

adniny 800C  I910BPING0D)

sSurpuy Koy

@

m

dnoi3 1e31e],

198 Bl

Anuno) porred ojdwes Apms

(ponunuoo) | |qey

pringer

As



D. Gorzon et al.

278

drysioumo reuonmmsut

MO[ 9ABY TRY) SIO0IS SUOWR PIAJRNUIOUOD

s1 A[ewoue ©19q ) ‘SI0ISIAUI ‘[RUOIIMISUT

JOU ‘[enpIAIpUT 0) S[eINQLIIE ST pUBWP
K1910] TRY) 9OUSPIAS SNOIAAId (IIM JUAISISUOD)

A[199p 1s9mo] oy ueyp eydre Ajyyuowr

Tomol (ed 9%76'9—) "wrd %1 L°0- € sey o1joj

AAESON

ByEp d3uryoX

-1od sonstialoereyd K1onof Jo o[ep 1saydy oyl (1°6) JoId ¥001s A1ono| eydyy SYO0I§ Y018 §N VSN L102-€961 (120T ‘e 30 Ieq)
SOMNSLId)ORIRYD \A\—®-O~ JOMO] suedWl X VA JoMOT
—01[0j110d-X VIl 9[199p 1531y
oy Jo ueyy 1oySiy (e'd 98°91) "wrd 947 St AneSoN «— eyep
or[oi0d-X VA d[199p 159M0] a3 Jo eydie dy, (1°6) "JoId Y0015 A1ono] eydyy SYO0)§  AFUBYOXD YO0I§ vsn T102-€961  (L10T T8 19 1ed)
o1[0)110d-X VN 9[199p 189y31Y
ayy jo ueyy 1ysry (e'd %91°p1) ‘wrd %8I°Y St
or1oj110d-X VAl 2[199p 1samo] 2y} jo eydye oy,
(XVIN)
yuow 2uo Ised ) JAO UINIAT A[TEp WNWIXEW QANESON «— eJep
Q) UO Paseq QUILLIAP dIE SYO0)S K110 (1°6) "Jo1d YooI§ K101107] eydyy SY00)S  SurydXd 001§ vsSn 5002-9261 (110T 'Te 3 1eq)
JOIBW 3y} JO %€ | INoqe
juesardar Aoy ‘Jequnu 810} JIAY) JO SWLI) UL
nq ‘uonezife)ided JOEW YO0IS [€10} AY) JO
%671 uasaxdar s001s 2dA1-A1am10] ‘dnoi3 e sy
orjopod [euonnnsur
a8e1eAe Ue JO %9/ ‘() AJuo pue orjopiod [rejox
AFRIOAR UR JO %t/ ‘¢ dn oyew sy001s 101107
$3}008 K10)10[-uou 0) paredwod uoneIAdp
PpIepue)s ay) 2[qnop AJy3nor dAeY $¥00IS K110 VIN <
ed 1L (¥°S) "301d Y018 K100
ST §300)s AI9)10[-UOU pue AI2)10] U2ImIaq AneSoN «—
Q0ULIRYIp eoururioyrad pajsnipe-ysir oy, (T°S) "Jo1d Yo0I§ K10m107]
(ed %¢7'9-) AneSoN — uInjal
‘urd 976°0- eydye A[yiuow & 9Ly $Y00)s 1000 (1°6) "Jo1d Yo01§ K101107] me1‘eyd[y  SYO0IS ‘SIOISOAUT [T}y ejep oSeroyorg VSN 9661—1661 (6007 Tewnyy)
1) dnoi3 1e31e], Pseeq  Anuno) pourad odweg Apms

sSurpuy Koy

@

(ponunuoo) | |qey

pringer

As



279

Measuring costly behavioral bias factors in portfolio...

199J39 uonisodsip oy jo
uonONpPaI B 03 SUIpe] [[1)S POZI[eal SIdUUIM JO
uontodoid o) Jo91Je JOU PIP INq PIZI[EAI SIASO[
Jo uoniodoud oy asearout s1oysoaul padjoy
$901Ap Suryas onewoine ‘yuewtadxe oy uy
spoyasnoy
JIOAOUIN) MO] AQ PIUIED SUINIAI ) O} dATR[T
‘e'd 98°9 sp[oyasnoy 1509 1oaouIn) Surpen ySiyg
erd 961 Aq 1oprewr
9y swioj1adiapun pioyasnoy aeIaAe oy,
(wd %10°'C
:uowom ('e'd 947 uowr) Anq Aoy asoy) uey)
SuINjaI 1018313 A[qeI[aI uIed [[os Aoy) sY003s o],
Surpen
£Q UINJOI JOMO] B 9ADIYOR USWOM PUE USW Y)og
(%10°C JO UIIOPIQ) %'y IARY UIWOM J[TYM
%1%°9 Jo Joaouan) orjoptod AJyjuowr e 9ABY USJA

s)03s YSnoq uey) 1y31y Apued
-y1uSIs AJ[eonsne)s aIe sY00)s p[os JO SUIOY
e'd 951 ¢*¢ Jo uInjar ageroae ue £q sofes
1oy wirojradispun s101saAul Jo saseyoind ayg,

$)003s Yy Jo Suroridiono 0}
spea] s)003s K10110] 1S YS1y ur oSeniqre 1oyeap
(ed %ze'6r-) wd %19°7- jo eydye
10)0BJ-IN0J B Sey] $}001S (1SAIAUI 1I0YS JANR[AI)
IS¥ U8y jo dnuinb yp0ois A1en0[ 159Y31Y oY,

VIN —
(¢'1) wayd uonisodsiq

QAIBSON
« (1'8) SurpenioaQ

QATIBION
«— (1'8) SurpenioaQ

aAneSoN
«— (1°8) SurpenianQ

AneSON —
(1°6) "3o1d o015 K1omo]

VIN

wmjax
me1 ‘eydry

eydry

eydry

eydry

sjuepms

SIOISQAUT [TRIY

SI0)SOAUT [TRIY

SIOISOAUT [TRIY

SY001S§

uone[nwIs Kuew (L10T 'Te 1R
JHBW YO01S Y] s10T 19YoequOST)

(000 ue2pO
eep oSeioNold VSO 9661-1661 pue 19q1eg)

(1002 ueapO
eiep oferoyorg vsn 9661—1661 pun 1aqreg)

eiep ofesoyorg vSsn £661—L861 (6661 ueaPO)

elEp (610 reAeL,
a3urydx Y00IS vsn S107-8861 pue ews31og)

sSurpuy Koy

@

m

dnoi3 1e31e],

Pseeq  Anuno) pourad odweg Apms

(ponunuoo) | |qey

pringer

As



D. Gorzon et al.

280

9jer awes ay) Je spunj Suruioyrad-1omof ooy
0) Suryrey o[ym spuny Surwiojrad-y3iy 03 ooy
Aporeuontodoidsip spuny £1nba jo sownsuo))
$1S0D OIB3S SIWNSUOD JIOMO] YIIyMm ‘punj Yy}
£Q PIATEIAI UOTIUA)E BIPSW JUSLIND ) SB [[oM
se xa[dwoo s, punj oy} Jo dZIS Y} 0} Paje[ar
A[o211p a1e smo[ "s99J 19y31y Aq painsedwr

se 10JJ0 Sunoyrew JoysIy 119X9 Jey) spunj V/N wInjox 308 BJEp JqE (8661 ouejny,
10 Juarfes jsow 3q 0) sxeadde sourwniojrad y3ry «— (1°9) Surseyo puai], $s20x2 ‘eyd[y spunj Jo mofq -Treae A[orqng vSn 0661-1L61 pue 1LIs)
(%0%°1) proy Loy Tearour)
$300)S 10} UINJAI 95 IoAR oY) UBY) (%86°C —) «—(1°9) Surseyd puaiy,
Iomo] AUeOYTUSIS ST [[9S SIO)SOAUT WNJUSWOUL V/IN <
) $003S Y} J0J UINJAI Aep-| 7 dTeIOAR ) (1°7) UONBOYISIDAIP-IOpU)
9senuod uf “(%8L1) PIoy A9y $3003s 10J Ieapoun)
unja1 Aep-1g a3e1oe oy uey) (%18°g) I1oysiy «— (¢'1) 19914 uonisodsiq
Apueoyrudis st [[os A9y $300)S A} JOJ UINJAX Iegpoun (1007 Tewny|
Kep-1¢ oSeroae oy ‘dnoid 10)s0AUT URLIENIUOD JOJ  «— (Z'T) 1091 uonisodsiq wInjor mey SIOISOAUT [T}y ejep oSeroyorg VSN 9661-1661 pun Ieyq)
sSurpuy Koy (@) 1) dnoi3 1e31e], Pseeq  Anuno) pourad odweg Apms

(ponunuoo) | |qey

pringer

As



281

Measuring costly behavioral bias factors in portfolio. ..

sosuadxo

PUE SIS0 JO JoU SUINJT SULISPISUOD USYM %6

PUE SISeq SSOIS & UO PaINSeaw uaym (0> 0)
[I1S 9ANESOU JIQIYX SI0JSIAUT [ENPIAIPUT JO %68

erd 96/ - A[rewnxordde jo [oys oSeioae ue
QABY SIO0JSOAUT [ENPIAIPUI ‘SUINJAI $S0IS U0 paseq

syord yoo3s Jorradns

Amuaprt 0) AITIqe o) dALY 0) PUd) SYI0IS MIJ B

ur sSUIp[oY JI9Y) AJLIUIIUOD OYM SP[OYISNOY

Ay)Teom 1By 109J1 0] WIS SINSAI ) “IoyIey

'SI0)SOAUT SSOIIB SIOULIAYJIP [RUOISAI IO “YI0IS

renonted e ur sopeny pajeadar ‘Surwn joprew

peolq ‘uonewIojur apisur ‘Knsnput refnoned
© Ul uoneziferodds Aq USALIP JOU I8 SINSAY

oner odreys

JIOMO] © pue SYSLI IOYSTY [IIM PIIBIOOSSE dIe

Katp) Inq SYD0)S QIOW [IIM DSOY) URY) UINAI
10y31Y © 9ABY SY00)S TOMIJ [IIM SOT[OJ1I0]

sorjoprod

poyrsIoatp uey eyde 10y3y (ed %76°T)
‘wrd 99740 & 9ARY SP[OYSNOY PAILNUIOUO)

SOLIOUIASE UOT)

-ewrIojur Jo uone)o[dxa [nyssedons e sorjdur

yorym sorjoptod payIsioaIp wioyradino
SI0]SOAUT [ENPIATPUT JO SOT[0]II0d Pajenuadu0)

V/N < (7€) serg swoy

V/N < (1'8) SurpenioaQ
QATISOq

<« (T'p) seig [e00]
QADISO( «—

(2'7) UONBOYISIOAIP-IOpU)
QAIISOJ «—

(1°7) UOTIROYISIOAIP-IapU()

wmr
mex ‘eydpy

onerx
adreyg ‘eydry

SIOISOAUL [TEIOY

SIOISOAUT [TRIY

Kuew (zroz
eyep aSeloyorg -100 0102-S0027 ‘& 19 JoKoy)
(800T

vep ofeaoord VSN 9661-T661 T8 10 DIAGYAT)

sSurpuy Koy

@

m

dnoi3 1e31e],

Pseeq  Anuno) pourad odweg Apms

(ponunuoo) | |qey

pringer

As



D. Gorzon et al.

282

SeIq QWIoY pue 2210y ofjojiiod

[EUOTIBUIOIUI JO SIUBUIULIP Jofew ore Anow
-wASse UOTIRULIOJUT PUR JZIS JONIBW [RIOUBUL]

9zznd serq owoy ay)

Surajos ur ayenbopeur are sfppow 10Joe)-o[uIs

Aym urerdxe sdjoy yorym ‘siojoey ojdninw £q

POUTULIdIOP ST JOIABYIQ SUIISIAUI [EUOTBUIAUL

Jer) 15933ns s)nsa1 asay ], NIV [PUOTBUIUL

ay) Aq porduur se uoneoyisioalp orjoyiod pue

J01ABY2q Surseyo-uinjar K1ojeuedxoe 110ddns sSur
OS[& SI[NSAT UOTIBWINSA Y], "SISOD UOTIRULIOJuT -p1oy orjopiod
PUE ‘S)SOD UOTIOBSUEI) ‘9ZIS JoyIeW AQ pouru EINIGEETNG [euOnRUISIUL 002
-19)9p o1e s3uIpjoy orjopiod [euoneUINUY «— (G'¢) se1q QWoOH wInjor mey ST Jo Koamg  ordnny 002 ‘Te 19 9abnuie,)
sSurpuy Koy (@) 1) dnoi3 1e31e], Pseeq  Anuno) pourad odweg Apms
(penunuod) | sjqey

pringer

As



283

Measuring costly behavioral bias factors in portfolio...

oane3oN ¢ [ Surpen pauojurun) JUAAD SMAU B PUNOIR J00]s [enpIAlpul Je[nonted e open (Jou) 0} Aoudpua], SMaU 0 uonuayeu|
orjopaod ay)
oAE3OU PUB QADISOd T € Sunwesy morreN o joedwil peoiq oY) SULIOPISUOD JO PeIISUl A[[eNPIAIPUI SJUWISIAUT 19[S 0} AOUIPUI], Suno)snyo aper],
1I1S 10 23pajmouy
9ATBSON | T S.9UO JBUWINSAIAQ A[ngssaoonsun 1nq Apuanbaiy open o3 Koudpua], 0UIPYUOIIAQ
oanedou pueoAnisod [ 8 Q0USPYUOIIIAQ Apyuenbaiy apen 0} Aouspuay, SurpenioaQ
aanesoN | Surpen pawojuy SI0]JSOAUI JOY10 2I0Joq dpeI) A[[RONBWIAISAS 0] AOUSPU],  AIBY[S JOAOUIN] SUIPBI
oAneSoupueoAnisod |+ seiq uonejodenxyg SUINJAT JUDI YIIY YIIM SIISSE ASeYD 0) AOUIPU], Surseyd puai],
(unjax
aAneSoN  § § 9Qouargjaxd Surjquen  Juedal Y3y pue ‘Q[ne[oA ‘9o11d MO[) SaINe) NI[-AINI0] YIIM SHI0IS 109[3S 0) AOUSPUI, duaIjald Yo0Is A191)0]
oaneSou pue oAnIsOd ¢ 9 serq AQyeriue,]  uoneoo[ [eorydeiSoas s I0ISOAUL ) 0] SO0 SId)Ienbpeay Yirm sy003s J09[as 0] AoUopua], seiq [e00]
oAne3ou pueoAnIsod S 9 se1q AJLIer[Iwe,| AIUnod QwOY $ JOISIAUT Y UT SI9)Ienbpeay yiim S)00)s 109[9s 0} AoUdpua], SeIq QWOH
aanedoN v Tl QOUSPYUOIIIAQ suonisod pejenuaouod J0 MaJ pjoy 0} AoUdpua], UONBOYISIOAIP-IOpU)
aane3oN 9 €] UOISIOAR SSO] Suo[ 007 SI9SO[ P[OY PuE A[IBd 00) SISUUIM [[3S 0] AOUIpUI], 1090 uonisodsig
g9 () (1) 10} Ax01g uondrsaq 10)o8J serqg

se1q 9A1)02dsar Y JOJ SJUSWIAINSEAW JUSIYIP JO JOQUINU [2)0} PAYNUPI (Z) PUB SAAPNIS JO JAQUINU ) UT Pasn () :SSeIq [BIOTABYAQ PIYTIUSPT JO MATAIOAQ T 3|qeL

pringer

As



D. Gorzon et al.

284

$3001S 101107 JO dIeyS

= "oouo10j01d 101307

C 1-0 PR 001g 191107 JO 2IRYS—SYO01S A10110] JO AIRYS s
L 1-0 SY001S 191107 JO dIRYS = "00u010J01gK 10110 I's
S -0 sonmb{ [8007 Jo a1BYS = ‘sergq [e00] Ty
¢ 04— ("ysrom - foouersip) _&W = "soumisi 9Serony I'h
I [-1- HeRttgan by Jo a1eyS — senmbg onsowo(] Jo dreyS = ‘serg SWoH S'¢
HRREsan by uSie1o jo oreys )
I -0 sanmbg us1210, Jo a1eys — | = 'selg sWoH ¢
I 1-0 sanmbyg uS010, Jo oreys = ‘serg swoy ¢
T I-0 sonmby onsowo(J Jo a1eYS = ‘serg Swoy s
Hetpedsanmby onsawo( Jo areys )
I -0 saninbg dnsawo( Jo areys = 'Selg oWoH 1'¢
foney adreys y y 9y _
T 04— 00— Toney g —Toneg odmg ¥ g« 1o x M = ssoTuimey T
¢ -0 m = QOUBLIEA OI[0J}I0 PIZI[BULION -
’ L 1=
b 0—1 AuStom T = xopu] [yepuyIoH T
) | N =58320i§ Jo 1aquinn 1T
T 00+ — 00— (ZTL6T X0D) UOISSAITOY X0 9]
I 00— 00— 5 + Muren g + 0q = Moeg Sl
sossopaoded  SISSOTPIZIY
1 00 +— 00— Suenledeq | sumppoawey “oagguontsodsiq vl
I+sosso] pazifeay
an
= Mooy uonisodsiq )
4 0+ () €1
$OSS0 POZILAIUN+SISSOT POZILAY  SUIED PIZI[RANUN+SUIRD POZIEY
0l I-1- SOSSO'] PAZI[edY - Suren) pazieay = 710954 EOﬁ_mOQwHQ 1
$95807 POZI[VOY+SULD PIZITRY .
I I-1- OSSO pazI[eay—Sule) pazi[eay 10947 uonisodsiq 'l
()] (1) $I10108J SBIq [RIOIARYSq JO uonezijeuonendQ #

(X'TT SMU 0} UOTIUSIIRUT PUE ‘X"()] SULIAISN[D OPEI) ‘X' OUIPYUOIIAA0 X'g TUIPENISA0 X'/ TeYS IAOUIN] SUIPLI] X9 Sulseyd puan ‘x'¢ aouareyard yools K190 X'f
SeIq [BO0] ‘X'¢ SBIQ QWOY ‘X'g UONBIYISIOAIP-IopUN ‘X' J99JJ2 uonisodsi(]) "SAIpnIs Jo Jaquinu ) Ul pasn (g) pue d3uel [eo1I0dy) (1) :SIUSWIAINSBIW JO MIIAIAQ € d|qe]

pringer

As



285

Measuring costly behavioral bias factors in portfolio...

1 1-0 (sopeJ) J0ISIAUT JO JoquUNU [2103) /( JUIAQ AU} PUNOIL SIPERI) JOISIAUL JO JOqUUNU)—] = SMIN] JTWOUOIA0IIRIA 0] UOTU)JBU] 11

1 1-0 (soper; 10ISoAUIT JO JqUINU [103) / (JUSAS 9} PUNOIE SOPRI) J0JSIAUT JO IOQUINU)—] = SMIN SUIUIRH 0) UOTIUa)jeu] T'11
sKep Surpen Jo raquinN i

1 0— ©— saped) Jo raquinN -1= .WECOszﬁU opeLL o1
SIpe. JO IquINN _n

4 -0 SKepsupenjorquny — | = Suroysny) opeiy, 101

9SIM IOYJO 0J9Z pue SUIPE] YO0)S UOWWOD [BNPIAIPUL J13Y] J0J [1juinb aouew 10}10d jsamof pue [ijuinb 1oaouiny
z I-0 01]0J1.10d 3s9y31Y 9Y) UI SI0ISIAUI J0J QU0 0 [enb2 J[qeLIRA AWUN(] OUIPYUOIIRAQ 1'6
‘ownjoA orjopiod T ‘awn[op orjopI0g T _
L 04— A|Tg§:§ s VEE Tt A|I§=_c>ué§§ vEE - 1 = Joaoum, | L O1[0J110J95RIoAY I's
Jaaouwang, g0, 1
I 1-0 Troum Fupea] —  °TeUS feaouiny, Suipea] I'L
Ly, 1=
c 004 — co— Lt ,_ZN = (¥)S9pen)[[B210JqPUIITRIAY 1'9
I I-0 SasEYdINg SY00IS K193107T Jo areyS = “oouaiajeid £19)10] 'S
HEUPRRES Y5015 101107 JO 1RYS _n
! -0 SY001§ 1011077 JO 9IBYS = "oud1oye1g 1911077 IS
(9] 1) $10}0BJ Selq [eIolAeY2q JO uonezijeuonerado #

(ponunuoo) ¢ s|qey

pringer

As



286 D. Gorzon et al.

Table 4 List of recommended

Behavioral bias fact Fi 1
behavioral bias factors and chavioral bias factor ormula(s)
measurements for future Disposition effect (DE) 12
research (see Table 3 for the . . .
respective formulas) Under-diversification (UD) 2.1,22,23

Home bias (HB) 3.2

Local bias (LB) 4.2

Lottery stock preference (LSP) 5.1

Trend chasing (TCH) 6.1

Overtrading (OT) 8.1

Trade clustering (TCL) 10.1

3.3.1.1 Biases related to portfolio composition Twenty studies examined biases that
influence the composition and structure of investment portfolios, such as under-diver-
sification, home, and local bias. The under-diversification factor, frequently driven
by overconfidence (Ivkovi¢ and Weisbenner 2005; Lekovié¢, 2020), results in inves-
tors holding concentrated investment portfolios, which is measured by the number of
stocks held (number of stocks), the summed squared weight of all portfolio positions
(Herfindahl index), or the squared variance of the portfolio divided by the squared
average variance of the individual stocks in the portfolio (normalized portfolio vari-
ance). The tendency to hold concentrated portfolios can further be induced by the
familiarity bias, for example, by preferring companies from one’s home country or
nearby locations, which is operationalized by computing the ratio between the vol-
ume of home or local stocks and the total portfolio volume (Grinblatt and Keloharju
2001; Lovric et al. 2010).

3.3.1.2 Biases related to the decision-making process Another 17 studies examined
biases that impact investors’ trading decisions and frequency. Overtrading arises
from overconfidence (Barber and Odean 1998; Graham et al. 2009), causing frequent
trading and thus an increased purchase and sales transaction volumes (average port-
folio turnover) that may lead to suboptimal performance. Leading turnover share and
inattention to news indicate an inclination to informed trading, measured by executed
trades ahead of other investors or around news events (Bailey et al. 2011; Weber et al.
2014). Trade clustering, calculated by the number of trading days by the number of
trades, proxies for the narrow framing bias, wherein investors trading on multiple
days tend to make isolated trading decisions, i.e., not considering their broader port-
folio impact (Kumar and Lim 2008). Lastly, the disposition effect examines if inves-
tors hold on to their losing investment due to loss aversion (Kahneman and Tversky
1979; Odean 1998), which can be observed by examining the proportion of realized
and unrealized losses to gains.

3.3.1.3 Biases related to stock picking Investors exposed to lottery stock prefer-
ence and trend chasing tend to buy high-risk stocks with speculative attributes,
e.g., high volatility, high recent return, and low price (Bali et al. 2011, 2017, 2021;
Dhar and Kumar 2001). While trend chasing only considers newly purchased
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transactions with speculative attributes, lottery stock picking measures the overall
ratio of speculative stocks and the total portfolio volume. Ten studies examined
these biases (Table 2), which collectively underscore the cognitive influences on
individual stock selection, ranging from sensation-seeking behaviors to the over-
confidence-driven preference for trending assets or an inflated perception of one’s
forecasting acumen.

3.3.2 Operational differences to measure behavioral biases

Twenty-nine measurements were identified for the eleven bias factors and are pre-
sented in Table 3. The differences in measures vary with the required data input,
the computational arrangement of variables, and their theoretical range.

3.3.2.1 Different data requirements Several data sources are required to measure
the identified bias factors. All 29 measurements need portfolio trading data, at
least either portfolio holdings or transaction data. Additionally, bias factors such
as home and local bias require information about the assets and the investor, i.e.,
the country or location of the asset’s headquarters and the investor’s geographi-
cal position. For lottery stock preference and trend chasing, information about
an asset’s historical performance is required for its measurements. Bias factors,
that proxy for informed trading, require public news data, e.g., relevant macroeco-
nomic news related to the respective portfolio holdings.

3.3.2.2 Different mathematical computations Eight of 11 bias factors (disposition
effect, home bias, trend chasing, leading turnover share, average portfolio turnover,
overconfidence, trade clustering, and inattention to news) differ only because of their
measurement techniques, e.g., subtracting instead of dividing the share of domestic
holdings from overall portfolio holdings for the home bias (formulas 3.1 and 3.5
in Table 3). The remaining three bias factors (under-diversification, local bias, and
lottery stock preference) differ in operationalization (required input variables). The
under-diversification measures either consider the number of stocks (2.1), consider
the weights of portfolio positions (2.2), consider the portfolio variances (2.3), or con-
sider the beta-induced return loss (2.4). One measurement (4.1) of the local bias
calculates the absolute distance between the asset’s headquarters and the investor.
In contrast, the other formula (4.2) measures the share of local equities, which is
determined by a threshold distance in the portfolio. For lottery stock preference, three
of four measures consider the share of lottery stocks in portfolio holdings, while for-
mula 5.4 only focuses on the share of lottery stock purchases.

3.3.2.3 Different theoretical ranges Fifteen of 29 measurements indicate a theo-
retical range from O to 1, 10 measures have at least a one-sided infinite range, and
nine measures can obtain negative values. These differences occur across the 11
bias factors and in measures within one bias factor, e.g., the six disposition effect
measures have three different theoretical ranges.
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3.3.3 Performance measures and effects of behavioral biases

Four techniques to measure portfolio performance were identified in the reviewed
studies and are presented in Table 1. Seventeen of the 34 studies used factor models,
including an alpha component (Carhart 1997; Fama and French 1993; Jensen 1968),
which is used to determine the abnormal return of a security or portfolio of secu-
rities over the theoretical expected return. Further, ten studies used Sharpe ratios
(Sharpe 1964), another ten used raw returns, and five used excess returns to a chosen
benchmark. Six of the 34 reviewed studies did not provide a performance measure
as the focus of these studies was, e.g., to examine the link between specific bias fac-
tors and investor characteristics (Dhar and Zhu 2006) and not performance impact.

According to Table 2, the included studies showed that most of the biases are
costly. However, some investors seem to expose themselves to biases, e.g., con-
sciously highly concentrate their portfolios (under-diversification, local bias, and
home bias) and earn abnormal returns (Coval and Moskowitz 2001; Ivkovié et al.
2008; Ivkovié and Weisbenner 2005; Seasholes and Zhu 2010; Von Nitzsch and
Stotz 2005; Weber et al. 2014). Another exception is trend chasing, as Dhar and
Kumar 2001 show that contrarian investors may earn higher returns by selling
instead of holding winners.

4 Discussion
4.1 Behavioral bias factors and their measurements

The systematic review highlights the importance and impact of behavioral bias fac-
tors on portfolio performance to raise awareness of costly behaviors to protect the
retail investor’s financial health. The core findings of this review are that the 11
bias factors have been proven economically significant in several settings. However,
mixed results (effects) are also presented in Table 1, especially regarding the con-
centration of portfolios and stock-picking skills of investors, which require further
examination.

The review indicates a reliance on the USA-based research and data scarcity in
general (Table 1). Most studies were conducted in the USA (n=22) and used bro-
kerage trading data (n=15). However, 11 of these 15 studies used the same data set
from Odean (1998). All other studies constructed or obtained their own data sets (no
overlaps), which means that despite the scarce data availability, researchers seem
to keep their data set private. While the USA focus may be explained by the high
willingness of the USA population to invest in the capital market, data scarcity is a
well-known problem that hinders further investigation of bias factors to derive coun-
termeasures against these costly behaviors. Solving this problem should be endorsed
by brokerage firms as their customers, the investors, are more likely to stop trading
after realizing their ability to trade is low (Seru et al. 2010).

Several cognitive biases induce costly investment behaviors for investors,
such that investors deviate from the standard Modern Portfolio Theory (Markow-
itz 1952). The identified bias factors suggest that these deviations are caused by
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investors’ insufficient decision-making process and inability to pick and manage
their portfolios.

Studies examining bias factors related to portfolio composition—home bias, local
bias, and under-diversification—indicate conflicting impacts on investors’ portfolio
performance. At the same time, several studies report negative returns (Bailey et al.
2011; Calvet et al. 2006; Farugee et al. 2004; Grinblatt et al. 2011; Han and Kumar
2013), while some studies find conflicting or positive returns associated with home
and local bias (Coval and Moskowitz 2001; Goetzmann and Kumar 2008; Ivkovié
et al. 2008; Ivkovié¢ and Weisbenner 2005; Seasholes and Zhu 2010; Von Nitzsch
and Stotz 2005). Positive returns for home bias were found only for samples from
the USA and no other country, which may be explained by its market capitaliza-
tion and developed capital market. Examining the geographically even more detailed
local bias, Ivkovi¢ et al. (2008) found that the average household within their USA
sample generates an additional return of 3.7% per year from its local holdings rela-
tive to its non-local holdings, suggesting that local investors can exploit local infor-
mation. This is especially true for stocks not in the S&P500 index. Their results
are not driven by specialization in a particular industry, inside information, broad
market timing, repeated trades in a particular stock, or regional differences across
investors. Instead, the results reflect that wealthy households who concentrate their
holdings on a few stocks tend to be able to identify superior stock picks. However,
these excess returns come with larger risks and lower sharp ratios. Another reason
for local bias may be discounted rates for employees to buy company stocks.

Among others, Calvet et al. (2006) reported that Swedish investors lose up to 10%
return p.a. due to holding undiversified portfolios. They add that households out-
perform the domestic benchmark via international diversification or fund investing.
Grinblatt et al. (2011) found that higher IQ leads to a higher Sharpe ratio (mainly
because of lower volatility), more stocks held, and a higher probability for a fund
to be held and, thus, more diversification. Among active (highest turnover quin-
tile) investors, less diversified investors have a higher return and alpha than better-
diversified investors (Goetzmann and Kumar 2008). This evidence aligns with the
mentioned small, active group of under-diversified investors who might be skilled in
exhibiting home and local bias.

Further studies measure bias factors related to the decision-making process—dis-
position effect, overtrading, overconfidence, trade clustering, leading turnover share,
and inattention to news—and are associated with a mostly negative impact on port-
folio performance (Table 2). The disposition effect is this review’s most examined
bias factor (n=13). Investors that exhibit the disposition effect underperform inves-
tors with no disposition effect by 2.35% p.a.. For winners that are sold, the average
excess return over the following year is 3.4% more than for losers that are not sold,
suggesting that investors should rather hold on to winners and sell losers (Odean
1998).

This finding is in line with the results of overtrading that purchases of an investor
underperform their sales by an average return of 3.31% p.a. (Odean 1999). While
men indicate a higher exposure to overtrading (6.4% annual turnover) compared
to women (4.4% annual turnover), both men and women achieve a lower return by
trading (Barber and Odean 1998), which costs them 6.8% p.a. relative to the returns
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earned by low turnover households (Barber and Odean 2000). These investors in
the highest portfolio turnover and lowest performance quintile, i.e., those who trade
the most but attain the worst performance, are labeled overconfident (Bailey et al.
2011; Goetzmann und Kumar 2008). As trading is detrimental, these findings sug-
gest that investors should stick to the buy-and-hold strategy, which should eliminate
the disposition effect, overtrading and consequently overconfidence. Also, wealthier
individuals and individuals employed in professional financial occupations exhibit
a lower disposition effect and trading frequency (Dhar and Zhu 2006). In an experi-
ment, Fischbacher et al. (2017) found that automatic selling devices helped investors
to increase the proportion of losers realized.

Another costly bias-induced behavior is trade clustering. Investors with the high-
est (and thus the broadest framing) and those investors with the lowest trade cluster-
ing (and hence the narrowest framing) differ by 1.6% (Kumar and Lim 2008) and
2.1% (Bailey et al. 2011) return performance p.a.. These two studies use slightly
different measures 10.1 and 10.2 which explain the given delta of 0.5% p.a. in the
performance impact. Contrary to these findings, Weber et al. (2014) found that the
average narrow-framed investor earns 2.12% p.a. more than the broader-framed.
However, suppose an investor executes the same number of trades in fewer days,
e.g., ten trades on one single day instead of two trades on 5 consecutive days. In that
case, he should be broader-framed (instead of narrower) and thus make decisions
more holistically, which should be more profitable in the long run. Lastly, the results
for leading turnover share (Weber et al. 2014) and inattention to news (Bailey et al.
2011) hurt return, meaning that investors tend to time their buys and sales poorly.
Better timing of investments might be possible by the cost averaging strategy or by
constant acquisition of information and thus trading more informed.

In this review, ten studies included bias factors related to stock-picking abili-
ties—lottery stock preference and trend chasing—which negatively impact portfo-
lio performance. The investors’ risk-seeking behavior induces a preference to buy
lottery stocks, which are characterized by abnormal recent returns, low prices, and
increased volatility and hurt the investor by 6.2% (Kumar 2009) or 7.2% (Han and
Kumar 2013) performance reduction p.a.. These findings are consistent with stud-
ies focusing on analyzing individual lottery stocks and their performance (Bali et al.
2011, 2017, 2021; Bergsma and Tayal 2019). Lottery stocks represent 1.25% of
the total stock market capitalization. However, their total number represents about
13% of the market, so retail investors should be even more cautious because of their
disproportionate presence (Kumar 2009). Consistent with the evidence that lottery
demand is attributable to individual, not institutional, investors, the beta anomaly is
concentrated among stocks that have low institutional ownership (Bali et al. 2021).
Having roughly double the standard deviation compared to non-lottery stocks, these
stocks are associated with high-risk investments (Kumar 2009). Further, most lot-
tery stocks are primarily present in the energy, mining, financial services, biotech-
nology, and technology sectors and are less present in utilities, consumer goods, and
restaurants (Kumar 2009).

Similar to lottery stock characteristics, the measure for trend chasing uses the
average recent k-day returns of stocks to measure trend chasing behavior. Dhar and
Kumar (2001) found a negative portfolio impact of 4.4% p.a. for momentum retail
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investors, while contrarian retail investors, who buy against the trend, seem to earn
abnormal returns of 7% p.a. in comparison. Sirri and Tufano (1998) examined trend
chasing for mutual funds and found that buyers of equity funds disproportionately
stick to high-performing funds while failing to exit lower-performing funds at the
same rate. High performance is most salient for funds with higher marketing efforts,
as measured by higher fees. Flows are directly related to the size of the fund’s com-
plex, and the current media attention received by the fund, which lowers consumers’
search costs.

4.2 Comparability of bias factors

In this review, 28 of 34 studies provided a performance measure to compare biases
based on their impact on returns. The most frequent performance measures were
factor models, including an alpha component (alpha measures), Sharpe ratio, excess
return, and raw return, which differ in interpretability. Raw returns provide an
unmodified view of performance. However, not considering a benchmark, raw data
complicate evaluating whether the achieved results were good or bad depending on
the settings, e.g., sample and time.

Excess returns consider a benchmark, as they measure the respective over- or
underperformance (excess). But studies choose different benchmarks and, for exam-
ple, measure excess return compared to the market portfolio (e.g., Goetzmann und
Kumar 2008) or between quantiles of retail investors, e.g., quantiles determined by
their exposure to a bias factor (e.g., Odean 1998; Kumar und Lim 2008). This means
that excess return only enables a comparison of results across studies if the samples
are the same or within one sample between subsets of investors.

The Sharpe ratio quantifies risk-adjusted returns, which enables the compari-
son of investments’ performance relative to their risk levels and thus helps to raise
awareness for retail investors. However, its reliance on assumptions of normal distri-
bution and a single risk measure (variance) may limit its accuracy and applicability
in capturing the intricacies of diverse investment scenarios.

The advantage of using factor models including an alpha measure, e.g., the
Fama—French model, for comparing different research studies lies in its wide accept-
ance in studies and accessibility of its historical data. French provides access to his-
torical data by maintaining a website that provides historical data related to sev-
eral variations of factor models, allowing cross-study comparison. Still, interpreting
Fama—French alpha values can be complex, as these models’ returns are attributed to
several model factors, requiring careful consideration and contextual analysis when
comparing researchers’ regression analyses.

5 Conclusion
This paper presents 11 behavioral bias factors (Table 2) and 29 corresponding

measurements (Table 3). While some bias factors are well examined, e.g., disposi-
tion effect and under-diversification, more recently developed factors need further
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investigation, e.g., leading turnover share and inattention to news. Further, the iden-
tified bias factors differed in the required data input and measurement techniques.
With these differences, the complexity of the measures varied from, e.g., simply
counting the number of stocks to conducting a regression analysis to determine a
single bias factor (Table 3). In addition, different theoretical ranges of measures,
including differences within one bias factor, complicated the comparison across
studies. Regarding the effect on return, four performance measures were presented,
and factor models including an alpha measure, e.g., the alpha of the Fama—French
three-factor model, were found most helpful to allow for cross-validation across
multiple studies because it offers a publicly available factor model as a benchmark,
thus easing comparability.

Overall, the bias-induced behaviors of under-diversification and lottery stock
preference were found to be the most hurtful, while some investors with a home or
local bias seem to exploit superior information and earn an excess return compared
to the market portfolio.

As the provided list of measurements is already extensive (Table 3), it provides
a great opportunity to improve the design of portfolio analytic tools and include
behavioral bias factors in a portfolio overview where returns are attributed to the
respective bias factor. Therefore, with an application-oriented focus, further investi-
gations should focus on two things: First, they should focus on bias factors that are
easy to calculate to enable recalculating these for further research and financial tool
providers, and second, they should focus on bias factors that are simple to follow
to ensure their understandability for the retail investor. It is further recommended
to include the most researched bias factors (Table 2) in a factor model, which are
also the most detrimental to portfolio performance, as well as to include the most
frequently used and least complex measures (Table 3), which results in the primary
inclusion of the eight behavioral bias factors and their measures presented in the fol-
lowing Table 4.

These behavioral bias factors should be used to explain the idiosyncratic com-
ponent (alpha) of the factor models described in Sect. 1, resulting in the following
adjustment of the formula (6):

ajzﬁl*DE1+ P, * UD, + P53 % HBy; + Py * LB, + Ps * LSP;

7
+ fg * TCHg + f; % OT; + Py +* TCLg + € ™

Instead of deriving further sophisticated measures for these biases, future research
should focus on the recommended existing list of bias factors and measurements
(Table 4) and examine if all provided behavioral bias factors in (7) add value in
explaining the abnormal return of retail investors. A reduced scope of factors should
further enhance the investors’ understanding of their exposure to behavioral biases,
thus increasing the chance of mitigating these costly behaviors. In addition, future
research should further examine normalization methods, as the examined meas-
ures in this paper showed differences in theoretical ranges, which may significantly
impact multivariate analysis models.

Eventually, it should be a common goal for policymakers and brokerage firms to
design a financial tool, e.g., a behavioral performance return attribution overview,

@ Springer



Measuring costly behavioral bias factors in portfolio. .. 293

to help investors protect their investments by raising awareness of their costly
behaviors.
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