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Abstract The return on composite investment instruments takes the form of weightedaverage, derived from two economic indicators or more. Three experiments illustrate
that prospective investors tend to valuate composites “by-tranche”, consistently violating the premise of reduction. Valuation-by-tranche shows for uncertain and risky
composites and reflects in allocation problems and binary choice. The willingness to
invest still strongly increases when one tranche hedges against the other, suggesting
that reduced-form considerations may interfere with the inclination to value by part.
A hybrid model where investors weight the values of tranches, but also respond to
the reduced-form, approximates the data most accurately.
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1 Introduction
The steep decline in global interest rates following the 2008 crisis has reduced the
appeal of standard saving instruments, boosting the popularity of structured investments.1 The principal protection offered by diverse structured deposits appears as a
major source of attraction to retail investors (Bernard et al. 2011), while professional
traders explore the rich variety of structured instruments seeking specific solutions or
goals (Bennet 2010). The increased appeal of structured investments particularly shows
in the active trading of ETNs and ETFs that track the performance of indices, currencies, or commodities. The asset value of US-listed Exchange Trade Funds surpassed
2 trillion dollars in early 2015, compared to estimated 0.6 trillion at the beginning of
2008 (http://www.etf.com; http://www.etfgi.com). Drawing on the industry expansion
as field-based motivation, this paper studies a particular class of structured products henceforth termed “composite investment instruments”, using “composites” for
abbreviation.
To classify as “composite” by our ad hoc glossary the return on investment, as
presented in the contract or prospectus, must take the form of a weighted-average,
depending on the performance of at least two assets, indices, or commodities. Appendix A provides three examples replicated from the Internet brochures of major
structured investments issuers. The yearly coupon on the non-tradable 5-year deposit
note A is derived from the performance of five diverse commodities: crude oil, sugar,
copper, tin, and gasoline. The pie-chart in example B, extracted from the fact sheet
of the ETN issuer, presents the composite return structure on the note: 78 % gold
and 22 % silver. The Table in example C is replicated from the brochure of an ETN
that equally tracks 3 Small-MidCap Israeli stock market indices. The information
sheet presents the historical return series for each component separately, omitting the
weighted return.
In terms of formal choice research, the investment in structured instruments clearly
fits canonical models of decision under uncertainty (Wakker 2010). The return that
the structured product would finally pay depends on the resolution of pre-specified
uncertain events, making the prospect ambiguous at the investment stage. The historyby-component table of example C is useful for outlining the choice theoretic motivation
for the current research. Intuitively, we propose that potential investors tend to
valuate composites “by-tranche”, weighting the values of underlying components,
instead of valuating the integrated reduced-form prospect.2 Figuratively, the interested investor may process the historical data in example C vertically, tranche by
1 The magnitude and diversity of the market may be glimpsed at designated commercial Web portals such as
SRP (http://www.StructuredRetailProducts.com), SVSP (http://www.sspa-association.ch), and SPA (http://
structuredproducts.org).
2 In the context of mortgage securitization, the term “tranche” is used to address the array of securities
issued against a pool of loans. The current figurative use is different. Another definitional issue deals
with structures that track the performance of large indices such as SP100. The suggestion that investors
valuate such investments by weighting the values of 100 stocks seems far-fetched, although intuitively
it is plausible that specific securities occasionally tint the willingness to invest in SP100 in the spirit of
valuation-by-tranche. For the current use, we treat indices as a “primitive” so that the deposit must refer to
2 indices (or an index and some other asset) to classify as composite.
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tranche, instead of horizontally resolving the reduced-form empirical distribution
before making the investment decision. More formally, using the symbols GOLD
and SILVER to represent the random return on the two precious metals in the eyes
of an investor with prospect valuation function V , we posit that the willingness
to invest in the ETN of example B is derived from the weighted sum of values
0.78 · V (G O L D) + 0.22 · V (S I L V E R), instead of being dependent on the value of
the reduced-form prospect V (0.78 · G O L D + 0.22 · S I L V E R). If the investor valuates composites by subjective expected return, the competing models would produce
similar results. Since, however, risk-attitudes, loss aversion and event-weighting generally affect the willingness to invest in financial assets,3 the valuation “by-tranche”
might consistently bias investment decision.
To test the valuation-by-tranche (henceforth: VBT) hypothesis we employ twin
versions of composites that are equivalent in reduced-form return prospects. For simplicity, the exploration is restricted to 2-tranche deposits with up to two payable returns
on each tranche. Figure 1 illustrates the structure of the field-inspired composites used
in questionnaire 1. The composite, termed “FTSE + TA-Finance” for the underlying
uncertainties, consists of two 50 % slices. The return on the first tranche can either
take value of 9 or 4 % depending on the 2014 performance of “FTSE all-shares”,
while the complementary tranche pays 1.5 or 0.5 % depending on the 2014 yield of
“Tel-Aviv Finance”. Since the minimal return on tranche 1 exceeds the maximal return
on tranche 2, the composite is a mix of stronger and weaker equal-weight slices. The
twin version of the composite was constructed by decreasing the return on the stronger
tranche by 2 %, increasing the weaker tranche by similar percentile to keep the real
prospect intact. If composites are valuated by their reduced-form return, the willingness to invest should not be affected by such manipulation. The 2 % shift of return
nevertheless dissolves the dominance of tranche 1 (now paying 7 or 2 %) over tranche
2 (paying 3.5 or 2.5 %), decreasing the difference between slices.4 If the increase
in value of the weaker tranche 2 has stronger impact on the perceived worth of the
composite, compared to the decrease in value of the stronger tranche 1, then investors
that valuate by-tranche may show preference for the second design in spite of the
equivalence in reduced-form return.
Indeed, the students (all majoring in business or related disciplines; 79 % graduates)
confronted with the second version of the framed-field composite showed stronger
willingness to invest compared to those confronted with the first version and the
analysis suggested that the differences do not follow from disagreement regarding the
FTSE or TA-Finance 2014 performance. Similar results emerged in questionnaires
2 and 3 that aborted the field context, testing reduction on composites that consist
of binary lotteries. When the structured returns were all positive, subjects showed
3 The tendency to avoid risk with gains while taking risk with losses has been evoked to explain the

disposition effect (Shefrin and Statman 1985); Benartzi and Thaler (1995) build on loss aversion and the
short sightedness of investors to explain the equity premium puzzle; the overweighting of small win-chances
has been utilized to explain the IPO anomalies (Green and Hwang 2012). Barberis (2013) provides a general
survey and additional examples.
4 Formally, if the probability assigned to conditions A (B) are P1 (P2), it is easy verified that the shift of
2 % return from tranche 1 to tranche 2 decreases the absolute value of the difference between the expected
return on tranche 1 and the expected return on tranche 2, independently of P1 and P2.
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The lted brackets represent the twin version of the composite as discussed in the text

* This problem refers to a composite tled "FTSE and TA-Finance mix" as follows:
The composite is composed of 2 equal 50% tranches.
s
Condion A: "FTSE all shares" (represenng the price of the stocks traded at the London
exchange) return in 2014 would exceed 75% of its 2013 return (historical informaon: In the
ﬁrst 11 months of 2013 FTSE all shares gained about 12%)

Condion B: "TA-Finance index" (represenng the price of ﬁnance stocks traded in TelAviv), would rise in 2014 by at least 8% (historical informaon: In the ﬁrst 11 months of 2013 TAFinance gained about 20%)

Since most of the sessions were run in class and subjects received a
FTSE and TA-Finance mix
Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
9% (7%)
4% (2%)

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
1.5% (3.5%)
0.5% (2.5%)

Choice Task:
Recall that the investment budget is 500,000 and investment horizon is 2014. Would you prefer

Alt A: invesng 60% in "FTSE and TA-Finance mix" and 40% in ﬁxed 2.4% rate
or

Alt B: invesng 40% in "FTSE and TA-Finance mix" and 60% in ﬁxed 2.4% rate
Mark or circle your favorite opon A or B

Allocaon Task:
Please decide now independently what percentage of the budget would you allocate to the composite:

Given an investment budget of 500,000 I would choose to allocate:
___ % investment in "FTSE and TA-Finance mix" as described above
___ % investment in ﬁxed rate of 2.4%
(the allocaons must clearly add up to 100%)

40

Fig. 1 The allocation problems of questionnaire 1

clear preference for composites with smaller distance between tranches, similar to the
second version of “FTSE + TA-Finance”. The preference for closer tranches formally
follows from VBT if the utility function is concave in the domain of positive returns.
The results for “FTSE + TA-Finance”, in particular, reject “reduction” for “valuation-
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by-tranche”, assuming risk aversion with gains. The shift of return between tranches
was similarly applied to test for tranche-level loss aversion, risk seeking with losses
(Kahneman and Tversky 1979), and other hypotheses regarding the VBT ranking
of composites that are reduced-form equivalent. Again, subjects repeatedly violated
reduction, while valuation-by-tranche consistently explained the patterns of violation.
The violations of reduction explored in this study naturally relate to the rich literature on the “reduction of compound lotteries” (cf. Abdellaoui et al. 2015). In Kahneman
and Tversky’s pioneering 1979 example, most subjects prefer the lottery (4000, 0.2)
on the alternative (3000, 0.25) in the reduced-form version of the choice task, but
preferences strongly reverse when the problem is reframed, saying that with probability 0.25 the decision maker is called to choose between (4000, 0.8) and (3000, 1).5
The reduction of composites into reduced-form prospects is computationally different
from the reduction of compound lotteries, but the VBT model has a flavor of the “isolation principle” that Kahneman and Tversky evoke to reconcile the inconsistency. The
subjects confronted with the compound version of the 1979 choice problem ignore the
initial 0.75–0.25 draw, isolating or narrow bracketing (Read et al. 1999) the choice
task at the second step. The potential investors of the current experiments comparably
isolate each tranche or slice, integrating the values of the separate components to judge
the overall appeal of investment.
A major drawback of the valuation-by-tranche model follows from the supposition that investors entirely neglect the correlation between tranches. If GOLD
and S&P500 are separately appraised when investors examine ETNs that track
the “S&P500 gold hedged index” (e.g., http://us.spindices.com/indices/strategy/
sp-500-gold-hedged-index), then the hedging that gold historically provides against
stock market slumps (Baur and Lucey 2010) is disregarded in the investment decision.
While preceding studies reveal that investors almost ignore correlations in stylized allocation tasks (e.g., Kroll et al. 1988; Kallir and Sonsino 2009; Eyster and Weizsäcker
2011), the composite-level total neglect of correlation implied by VBT appears unrealistic. The negative correlation between gold and stocks, for instance, is highlighted in
the information brochures of ETNs and ETFs that track the two assets, proposing that
customers may value such composite-level hedging. The reach of correlation neglect
was therefore tested more closely in questionnaires 2–3, using composites that consist of 50–50 lotteries to drastically change the correlation between tranches without
modifying the marginal tranche distributions (Fig. 8). The results indeed showed that
tranche-correlations matter and the willingness to invest in a given composite may
significantly increase when one tranche protects against disappointing performance of
the second. To reconcile the inconsistency, we evoke a hybrid model where the value
of composites is represented by a convex combination of the reduced-form valuation
and the value implied by VBT. When two composites admit the same reduced-form,
the hybrid value of version 1 would exceed the hybrid value of version 2 if and only
if version 1 is preferred to version 2 by VBT. In general, however, the reduced-form
prospect plays significant role and the correlation between tranches affects the demand
for given composites in spite of the basic tendency to valuate by-tranche.
5 The symbol (x, p) denotes a lottery paying x with probability p and 0 with probability 1-p. The term

“50–50 lottery” is applied for binary lotteries paying each prize with probability p = 0.5.

123

Author's personal copy
358

D. Sonsino et al.

This paper is the first study exploring the valuation of composite investment instruments. The results for the uncertainty questionnaire and the two questionnaires with
risky composites are generally consistent. All three experiments, for example, find evidence for restricted loss aversion, so that losses loom larger than gains only for return
levels exceeding some thresholds around 5 %. To fit the structured investment cover,
the experimental composites were designed so that losses, in some scenario, always
come with larger compensating gains in other events. Within the domain of such limited
loss composite prospects, our subjects interestingly appear gain-seeking (cf., Brooks
et al. 2014) rather than loss-averse for small return levels, showing willingness to
accommodate possible small losses for increased expected return on their structured
investment. Moreover, when the hybrid model is estimated on individual basis, the
estimated closeness-to-VBT shows negative significant correlation with crude measures of choice consistency across the questionnaire. The subjects that econometrically
classify as responding to the reduced-form return distributions are relatively consistent, while those that classify as close to VBT show strongly inconsistent choices in
problems that merely differ in composite representation. By way of interpretation, the
results suggest that the tendency to valuate by-tranche may bias investment decision
and even open space for profitable composite engineering by sophisticated issuers.
The discussion in Section 6 elaborates more on possible empirical implications. The
VBT model is introduced in Sect. 2. The framed-field questionnaire Q1 is discussed
in Sect. 3, while Sects. 4, 5 summarize the Q2–Q3 experiments with risky composites.

2 Hypotheses and model
2.1 General framework and hypotheses
Let S present a finite space of states with F (S) denoting the field of events generated by
S. Assume that the investor’s preferences over uncertain (event-contingent) prospects
P : S → R are represented by a functional V from prospects to realnumbers,
so that

prospect P A is (weakly) preferred to prospect P B if and only if V P A ≥ V P B
and strict preference is defined in the usual way. The paper studies composites that
are defined on the space of states S. The examination is confined to composites that
consist of two tranches, where the return on each tranche takes up to two values (2X2
composites). Formally, we write C =< (x1, E1, y1); w; (x2, E2, y2) > to represent
an uncertain composite that is composed of two tranches indexed 1 and 2. The weight
of tranche 1 is w ∈ (0, 1], where w = 1 represents a degenerate case where the
composite consists of a single prospect. The return on tranche i depends on event
Ei ⊆ S, with xi representing the return when Ei realizes (s ∈ Ei), and yi denoting
the return when Ei falsifies (s ∈ Ei C ).6 Returns can be positive, negative or take
value zero, but we assume xi ≥ yi for convenience. The “reduced-form version” of
the composite is derived in the obvious way. When E1 and E2 for instance realize,
the return on tranche 1 is x1 while the return on tranche 2 is x2, so the reduced-form
6 Following studies of financial decision (e.g., Benartzi and Thaler 1995), we assume that the primitive of

choice is the return prospect rather than gains and losses (see Sect. 6 for further discussion).
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State

Reduced-form return

s ∈ E1 ∩ E2

w · x1 + (1 − w) · x2

s ∈ E1 ∩ E2C

w · x1 + (1 − w) · y2

s ∈ E1C ∩ E2

w · y1 + (1 − w) · x2

s ∈ E1C ∩ E2C

w · y1 + (1 − w) · y2

return is w · x1 + (1 − w) · x2. The return in other events is similarly calculated (see
Table 1). The notation T i is henceforth used to denote the uncertain return on tranche
i with V (T i) denoting the value of the respective prospect. R F (C) is used for the
reduced-form version of composite C, with V (R F (C)) denoting the value of the
reduced-form prospect.
To explore the valuation of composites by potential investors, we employ twinned
composites that are equivalent in reduced-form. A twin version of given composite C
is easily constructed by subtracting constant K from the returns on tranche 1, adding
w
to the returns on tranche 2. From Table 1 it is clear that such “shift-of-return”
K · 1−w
between tranches does not affect the reduced-form. In case E1 ∩ E2,
 for example,
w
the shifted version pays w · [x1 − K ] + (1 − w) · x2 + K · 1−w . The K-related
terms cancel out, so the actual return is back at the original level. Obviously, there are
other possibilities to vary the representation of a given composite without affecting the
reduced-form; e.g., changing the weight w together with the returns.7 The reduction
hypothesis stipulates that investors are indifferent to such manipulations, valuating
composites by their reduced-form versions. Valuation-by-tranche, on the contrary,
suggests that the exact decomposition may affect the willingness to invest beyond the
reduced-form prospect.
To formally introduce the hypotheses, assume a preference ordering  on a collection of composites C, so that, for every C A , C B ∈ C, C A  C B if and only if
C A is (weakly) preferred to C B . If investors valuate composites by their reduced-form
versions then the ranking of a given composite would only depend on its reduced-form
and shifts of return between tranches or other manipulations that preserve the actual
prospect would not affect the willingness to invest. We choose this rational perspective
as the null hypothesis.
H0: Reduction (valuation by reduced-form)
Preferences over uncertain composites are represented

 by thevalues of the reducedform prospects. That is, C A  C B if and only if V R F C A ≥ V R F C B . In
particular, shifts of return between tranches would not affect preferences.
Alternatively, we conjecture that investors valuate composites by-tranche, weighting the values of underlying slices instead of valuating the weighted reduced-form
return. Assuming that V (T 1) and V (T 2) are objectively weighted, by the contrac7 See block 4 of Web supplement E for an example. More generally, Eyster and Weizsäcker (2011)
methodology of testing for correlation neglect could be adapted to construct equivalent composites; e.g.,
a 0.6–0.4 composite with X and Y as tranches vs. a 0.2–0.8 version with X and Y’ = 0.5*X + 0.5*Y as
components, but the parallel change in weights and returns complicates the analysis of such shifts.
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tual weights (w, 1−w), and using V (C) to represent the value of composite C by this
alternative model we initially write V (C) = w ∗ V (T 1) + (1 − w) ∗ V (T 2).
If investors are probabilistically sophisticated (Machina and Schmeidler 1992),
assigning fixed (prospect independent) probability p (s) to each state s ∈ S, and
in addition valuate prospects by their subjective expected return, then valuation-bytranche (as presented by V) would be consistent with valuation by reduced-form. The
difference between the two models, in this case, amounts to distinct order of integration.
In valuation by reduced-form, the w-weighted return is calculated for each state first,
and the reduced-form returns are p-weighted to derive the bottom line expected return.
Valuation-by-tranche oppositely assumes that the p–weighted expected return on the
each tranche is figured out initially and these expected returns are w-weighted next to
obtain the value of the composite. Still, the two models may strongly disagree when
the prospect valuation model departs from the assumptions of subjective expected
return, so that risk-preference, loss aversion and subjective event-weighting affect
investment decisions. Even if the uncertain composite consists of two equal-weight
(w = 0.5) tranches, for example, the effect of K % decrease in the return on T1 would
not be similar to the impact of K % increase in the return on T2. The composite
design may thus affect the willingness to invest even if the reduced-form prospect is
unaltered. Moreover, the discrepancy between the models can increase if the investor
(by-tranche) tints the weights of the two slices when valuating the composite. The
literature on probability weighting proposes that decision makers consistently bias
objective probabilities, showing robust tendency to overweight small probabilities of
extreme (gain or loss) outcomes (cf. Bruhin et al. 2010). If similar patterns reflect
in the weighting of investment tranches, then small tranches may be overweighted
on the account of large tranches when assessing the appeal of given composites. To
introduce the possibility of tranche weighting into the valuation-by-tranche model, we
first borrow the standard definition of a probability weighting function to represent
the schema of tranche weighting in general terms.
Definition: Tranche weighting scheme
A tranche weighting scheme is a strictly increasing function ϕ : [0, 1] → [0, 1]
satisfying ϕ (0) = 0 and ϕ (1) = 1.
We also follow the probability weighting literature in assuming that the subjective
weight of a given tranche may depend on the relative ranking of this tranche compared
to the other tranche of the composite. A 10 % tranche, for example, may obtain different subjective weight depending on whether the complementary 90 % tranche is more
or less attractive by the prospect valuation model V . The formal valuation-by-tranche
hypothesis below therefore assumes, without loss of generality, that the composites
were arranged so that tranche 1 ranks higher than tranche 2 by the valuation function V:
H1: Valuation-by-tranche
Assume that V (T 1) ≥ V (T 2) for all C ∈ C. Preferences over uncertain composites
are represented by
of the underlying tranches. That is, C A  C B
 the
 weighted
 B value

A
if and only if V C
≥ V C , where V (C) = ϕ (w) · V (T 1) + (1 − ϕ (w)) ·
V (T 2).
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In the sequel we use VBT to denote valuation-by-tranche with objective weighting
(ϕ (w) ≡ w), keeping VBT+ for the generalized version with subjective tranche
weighting. The letters VBRF are similarly used for valuation by reduced-form.
2.2 Assumptions on the prospect valuation function V
While hypotheses H0-H1 could be delineated without making specific assumptions on
the preference functional V , some extra structure is essential for experimental testing of
the valuation-by-tranche hypothesis. Without specific assumptions it is impossible, for
instance, to predict if the 2 % shift of return from tranche 1 to tranche 2 would boost or
cut the demand for the “FTSE + TA-Finance” of Figure 1. The next paragraph formally
presents our major assumptions on V . Since the paper only examines composites with
binary tranches, the assumptions can be restricted to the subset of binary prospects.8
The formal definition is followed by brief discussion of the assumptions in light of
existing literature.
Basic structure (assumptions on V):
Assume a strictly increasing utility function U : R → R satisfying U (0) = 0 and a
loss aversion threshold x0 ≥ 0, such that:
(I) U (y + t) −U (y) ≤ U (x + t) −U (x) , for every y > x ≥ 0, t > 0 (decreasing
marginal utility of gains), and
(II) U (−x) − U (−y) > U (y) − U (x) , for every y > x ≥ x0 (aversion to losses
beyond x0 )
Assume also an event-weighting function W : F (S) → [0, 1] satisfying W (∅) =
0, W (S) = 1, and W (E) ≤ W (F) when E ⊂ F,
We say that the valuation function V complies with the “basic structure” if for every
binary prospect P = (x, E, y) with x ≥ y,
(*) V (P) = W (E) · U (x) + (1 − W (E)) · U (y).
In terms of existing choice theory literature, the valuation function in (∗) is compatible with the binary rank-dependent utility model, which in turn agrees with various
other non-expected utility theories when restricted to the domain of binary prospects
(Wakker 2010; page 289). Assumption (I ) regarding the concavity of utility in gaindomain is standard (cf. Rieger et al. 2014). The loss aversion assumption (I I ) agrees
with Kahneman and Tversky’s (1979; page 279) original definition except for possible
restriction to losses larger than threshold level x0 . While the 1979 unrestricted definition implies that −U (−y) > U (y) for every y > 0, so that losses always loom larger
than comparable gains, the current version only demands that the impact of additional
loss (beyond an initial level x0 ) is stronger than parallel decrease in gain.9
8 The binary model is insufficient for the reduced-form prospect that generally pays four distinct returns

(Table 1), but since reduction simply stipulates that the willingness to invest is unaffected by shifts in the
composite representation, general assumptions on the valuation function are unnecessary.
9 As explained at the introduction, the restriction is motivated by our results. The limited role of losses in

the experimental composites also motivated two other modeling choices: (1) The basic structure ignores
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2.3 Adapting the model from uncertainty to risk
While questionnaire 1 has built on framed-field composites with returns that depend
on the 2014 performance of financial indices, questionnaires 2 and 3 tested VBT on
experimental composites that consist of simple 50–50 lotteries. Q2 and Q3 thus deal
with risky composites, compared to the uncertain composites of Q1. The definition
of 2-tranche composite is easily adapted from uncertainty to risk by replacing the
return-resolving events E1 and E2 with exogenous probabilities p1 and p2, where pi
denotes the probability that tranche i pays its higher return xi. The risky composite is
then represented by C =< (x1, p1, y1); w; (x2, p2, y2) > (keeping the preceding
symbols to save notation). To adapt the “basic structure” from uncertainty to risk,
the event-weighting function W : F (S) → [0, 1] is replaced with a probability
weighting function W : [0, 1] → [0, 1] satisfying W (0) = 0 and W (1) = 1, such
that W ( p) denotes the subjective weight of probability p for obtaining the better
lottery outcome. The prospect valuation model then assumes that for every lottery
L = (x, p; y) with x ≥ y, V (L) = W ( p) · U (x) + (1 − W ( p)) · U (y) . The
VBT and VBT+ equations are unchanged, noting that since tranche weighting is
conceptually different from probability weighting, we employ different functions using
W ( p) for probability weighting and ϕ (w) for tranche weighting. For the analysis of
choice consistency along Q2–Q3 we need one more definition, saying that lottery
L1 = (x1, 0.5; y1) weakly dominates lottery L2 = (x2, 0.5; y2) if x1 ≥ x2 and
y1 ≥ y2. Strict dominance applies if one of the inequalities holds strictly.

3 Questionnaire 1: framed-field composites
3.1 Methodology and subjects
Figure 1 illustrates the allocation problems using the “FTSE + TA-Finance” example of the introduction. The investment horizon is 2014 and the budget is 500,000
NIS.10 Subjects are asked to choose between the composite and risk-free investment
at 2.4 % yearly return. Choices are collected in two steps. Subjects select between
allocation of 60 or 40 % to the composite first. The binary choice is followed by
an open allocation task where subjects divide the investment budget between the
composite and the risk-free rate. The twin version of the problem, constructed by
subtracting 2 % from tranche 1 and increasing tranche 2 by similar amount, was
identical except for the change in returns. The Q1 questionnaires were built from
12 such twinned choice and allocation problems. Each problem referred to a distinct
composite, but the alternative risk-free rate always stood at 2.4 %. The reducedform return on each composite could either exceed or lag behind the 2.4 % rate,
Footnote 9 continued
the possibility of distinct weighting of loss and gain events (Tversky and Kahneman 1992) (2) The tranche
weighting scheme precludes dissimilar weighting of negative-valued tranches. Background estimations
suggested that more general frameworks that relax (1) or (2) do not provide additional insights.
10 The US$ was traded for about 3.5 NIS around the experiments. The prime rate in 12/2014 was 2.5 %.
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depending on market conditions. The two versions of each composite were randomly split between two prototype versions of the questionnaire, and two additional
versions were constructed by counterbalancing the prototypes order of tasks. The
next figures place the version with higher return on tranche 1 on the left, as version
L.
The questionnaire adopted a neutral consultation cover, asking subjects to make
decision for 12 independent clients assuming the composites were especially tailored
for worthy investors and the returns are 100 % guaranteed. The instructions (Web
supplement A) explained that one choice or allocation problem would be randomly
selected to determine the “consultation bonus” that subjects receive in January 2015,
when the relevant uncertainties resolve. The bonus formula, 1000 · (5 %+ realized
return on the selected portfolio) could absorb 5 % losses, while the reduced-form
returns on the composites ranged between −4.5 % and 16 %.11
An obvious drawback of between-subject comparison of allocations is the loss
of control over individual expectations. To control for personal beliefs, we elicited
likelihood assessments of the underlying uncertain events; e.g., the likelihood that
FTSE return in 2014 exceeds 75 % of the index return in 2013 (condition A of Fig. 1).
The probabilistic assessments were collected towards the end of the questionnaire,
after the 12 choice and allocation assignments, using simple quadratic scoring rule for
incentivization. The instructions disclosed the QSR formula explaining that one of the
17 likelihood assessments would be randomly selected to determine the extra bonus
for accurate prediction. The bonus amount could vary between 0 to 60 NIS; e.g., the
extra bonus for 90 % (10 %) assessment of the finally realized event was 59 (11) NIS.
For convenience, we henceforth use P1 to denote the likelihood assessment of event
E1, using P2 for the likelihood of E2. In few cases where E1 and E2 were introduced
as equally probable, the index is omitted using P to denote the common probability.
The questionnaires were distributed in-class to advanced business or economics
students with background in finance. The 2 × 2 return structure was illustrated on
the blackboard and carefully explained in written instructions. Subjects were asked to
calculate the reduced-form return on two exemplary composites (a symmetric composite with w = 0.5 and another with w = 0.8) and the supervisor instructed the
few students that could not meet the challenge. The experimental sessions including
verbal instructions and quiz took about 90 min. Subjects could reexamine the instructions while filling their choices, but page-turning was forbidden. At the last page of
the questionnaire, subjects predicted their personal ranking amongst 100 presumed
participants, with rank = 1 denoting the best and 100 denoting the worst portfolio
selections. The students showed typical patterns of overplacement (Moore and Healy
2008): the mean anticipated ranking was 36 and equality to 50 was rejected at p < 0.01
in a sign test. The next sections report the results for a final sample of N = 107 subjects:
79 % graduate MBA or economics students; 21 % advanced business undergraduates;

11 The average check was close to 100 NIS (about 25 US$ at the time of payment: early February 2015).

All web supplements are available at http://www2.colman.ac.il/business/doron/papers.
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Condion A: "TA-Finance" would rise by at least 15% in 2014
Condion B: "TA-Finance" would rise by at least 8% in 2014
Historical informaon: At the ﬁrst 11 months of 2013 TA-Finance gained about 20%

Finance Sector Deposit -Version L

Finance Sector Deposit- Version R

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
15%
0%

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
10%
-5%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
10%
-5%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
15%
0%

Fig. 2 The “Finance Sector” deposit

54 % males. We discuss six leading examples, leaving the remaining problems to Web
supplement B.12
3.2 Rejecting reduction for VBT
The reduction hypothesis is clearly rejected for the “finance sector” deposit of Fig. 2.
The two versions of this composite appear almost identical, as both consists of a
no-loss tranche paying 15 or 0 %, and 5 % smaller tranche paying 10 or −5 %.
The difference between versions only shows in reassignment of the conditions for
obtaining the positive return. In version L, the condition for receiving the 15 % return
(“TA-Finance” increase of 15 %) is stronger than the condition for winning the 10 %
return (“TA-Finance” increase of 8 %). Version R permutes the order: The 15 %
return is paid when TA-Finance increases by 8 %, while the 10 % return is received
only when the index climbs by 15 %. It is easily verified that the two versions are
reduced-form equivalent, paying 12.5 % when TA-Finance ≥ 15 %, yielding 5 %
when the index increase is between 8 and 15 %, but bringing a loss of −2.5 % when
the index performance is weaker. If composites are valuated by-tranche, however,
12 We intended to run Q1 on a larger sample, but had to stop recruitment with 120 subjects as the test
year (2014) arrived. Thirteen outliers were removed. The mean confidence score (1–100 scale; 1 for the
most confident) of the 13 filtered subjects was 66, compared to 36 for the 107 selected questionnaires
(p < 0.01). In general, the results strengthen when the least confident, or the questionnaires with close
to zero correlation between expected returns and levels of composite investments are removed, but the
effective filter is problem dependent. The results are statistically stronger for Q2–Q3 where reduction is
rejected for VBT at p < 0.001 by likelihood ratio tests.
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version R that improves the stronger 15 or 0 % prospect while worsening the 10
or −5 % prospect may appear less attractive. To illustrate the intuition, consider an
extreme case where a probabilistically sophisticated investor assigns 0.1 probability to
TA-Finance increase of 15 %, while assigning 0.9 probability to an index increase of
8 %. With such beliefs, version L of the deposit consists of one tranche that pays 15 %
with probability 0.1 and 0 % with probability 0.9, and a separate tranche paying 10 %
with probability 0.9 but yielding loss of −5 % with probability 0.1. The expected
returns are 1.5 and 8.5 %, respectively. The shift-by-5 % in version R, changes the
distributions so that the 10 or −5 % tranche pays the 10 % with probability 0.1, while
the 15 or 0 % tranche pays the positive return with probability 0.9. The tranche-level
expected returns become −3.5 and 13.5 %, so that version L (with expected returns
of 1.5 and 8.5 %) may appear more attractive to investors that process composites
by-tranche. More generally, it is straightforward to show that version L is preferred
to version R under VBT if the valuation functional complies with the basic structure
and U (15) − U (10) < −U (−5) (so that 5 % loss looms larger than decrease in
gain from 15 to 10 %).13 Claim 3.2 in appendix B provides the formal argument, also
showing that the VBT preference for version L is strict when W (E1) < W (E2) .14
The results for versions L and R are confronted in Table 2. First, we verify that
the likelihood that subjects assigned to the underlying events did not differ significantly between samples. Comparison of the probabilities assigned to annual increase
of 15 % or 8 % in TA-Finance could not reject equality (median P1 0.54 in version
L compared to 0.53 in version R; median P2 0.73 vs. 0.68; p > 0.1 by WilcoxonMann-Whitney tests). When the expected return on the composite is derived from the
likelihood assessments, the median is identical 7.25 % (see the top row of the table),
confirming again that the shift of return between tranches did not bias expectations.
As anticipated by VBT, however, the between-sample comparisons reveal preference
for version L over version R. While almost 76 % of the subjects preferred the 60 %
to the 40 % composite investment in the binary choice task of version L, only 61 %
showed preference for the composite in version R. The median allocations to the composite were 70 and 60 %, respectively, and the WMW test rejected reduction for VBT
at p = 0.02. The stronger willingness to invest in version L shows, in spite of the
small sample sizes, for specific P1−P2 values. The most common combination was
P1 = 0.7 and P2 = 0.8(N = 12). The investment of the five subjects in version L was
62 % compared to allocation of less than 47 % for the seven subjects in version R. The
subjects with P1 = 0.5 and P2 = 0.7 (second most common expectations) similarly
invested 61 % in version L (N = 6) compared to 46 % in version R (N = 4). Tobit
13 To quickly verify that version R may appear more attractive than L under VBT when −U (−5) <
U (15) − U (10), assume W(E1) = 0 and W(E2) = 1. With this respect note that Q1 builds on specific
properties of V to make directional predictions for VBT, but the joint hypothesis concern is alleviated in
Q2–Q3, where we use individual-level estimations to contrast reduction and VBT without making a priori
assumptions on risk and loss attitudes.
14 Since the results of the experiments provide very limited support to tranche weighing, we assume

ϕ(0.5) = 0.5 in the discussion of w = 0.5 composites. Web supplement C.1 shows that the preference for
version L of “FTSE + TA-Finance” extends to VBT+ when ϕ(0.5) ≤ 0.5. Supplement C.2 derives general
bounds on the intensity of tranche weighting so that VBT strict preference for given version extends to
VBT+ if tranche weighting meets these restrictions.
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Table 2 Results for the ”Finance Sector” composite

Median expected return
% preference for the composite
Median
Median allocaon
Tobit esmaon (N=107)

Version
Version L (N=55) Version R (N=52) Signiﬁcance
7.25
7.25
p=0.34
76%
61%
p=0.05
76%
61%
p=0.05
70
60
p=0.02
p=0.02
52*** + 1.8**∙Expected Return - 7.8**∙Version R indicator
ChiSq=8.8;
hiSq=8.8; p=0.01
p=0.01

The “expected return” was derived from the likelihood assessments that subjects submitted for the underlying
uncertainties. “ % preference for the composite” presents the proportion of subjects preferring the 60 %
to the 40 % composite investment in the binary choice, while the “allocation” statistics refer to the 0100 investments. The Wilcoxon–Mann–Whitney (henceforth: WMW) test was applied for between-sample
comparisons of expected returns and allocations; the binomial equality of proportions test was used for
comparing “ % preference for the composite”. We use one-tailed significance levels throughout the paper,
rejecting “reduction” for the directional VBT hypotheses where applicable. Tobit regressions were run
to estimate the equation Allocation = a + b∗ Expected Return + c∗ Version R indicator, taking account of
possible censoring of allocations at 0 and 100. The table presents the median marginal effects using ***/**/*
to denote 1-tail significance at p < 0.01/0.05/0.1. The ChiSq at the bottom tests the joint hypothesis b =
c = 0. Dark (light) shading is additionally used to highlight cases where reduction is rejected for VBT at
p < 0.05 (0.05 ≤ p < 0.1). Tables 3, 4, 5 and 6 follow the same conventions

regressions of the allocations on expected returns and version R indicators revealed
that subjects increased their investment by 1.8 % for 1 % increase in expected return
(p = 0.01).15 The version R effect is −7.8 % (p < 0.05) for the complete sample, but
decreases further when the most optimistic subjects are ignored; e.g., median version
effect of −9.4 % (p < 0.02) for the 102 subjects with P1 ≤ 0.8.

3.3 Preference for tranche similarity in gain-domain
We now return to the “FTSE+ TA-Finance” composite of Fig. 1. Recall that version
L consisted of a dominant tranche paying 9 or 4 % depending on the 2014 FTSE
return, and a dominated tranche that pays 1.5 or 0.5 % depending on TA-Finance.
Version R decreased the return on tranche 1 by 2 %, increasing tranche 2 by similar
amount. While the shift-by-2 % does not alter the reduced-form prospect, the decreasing marginal utility of gains can make version R more appealing if investors valuate
composites by-tranche. With concave gain-domain utility, the increase in returns on
tranche 2 (from 0.5 to 2.5 % and from 1.5 to 3.5 %) is more valuable than the decrease
in returns on tranche 1 (from 9 to 7 % and from 4 to 2 %), so version R appears more
attractive independently of the weights assigned to the underlying events. Claim 3.3 of
appendix B presents the formal short argument and the results in Table 3, once more,
support the VBT directional hypothesis.
15 In the case of “Finance Sector”, 4 subjects allocated 100 % and 1 invested 0 % and Table 2 results are
robust to removal of these 5 observations. The slope of allocations with respect to E(R) was not affected
by version. The mean allocations of subjects with expected return < 6 % were 61 vs. 49, compared to 69
vs. 59 for the subjects with expected return > 8 %. The results discussed in Sects. 3.3–3.6 show similar
robustness.
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Table 3 Results for ”FTSE + TA-Finance” deposit

Median expected return
% preference for composite
Median allocaon
Tobit esmaon (N=107)

Version L (N=52) Version R (N=55) Signiﬁcance
4.0
4.2
p=0.15
75%
87%
p=0.06
70
75
p=0.03
35*** + 7.1**∙Expected Return + 7.6**∙Version R indicator
ChiSq=8.9; p=0.01

While the P1 and P2 comparisons confirm that expectations were not affected by
version, the proportion of subjects preferring the composite to the 2.4 % fixed interest
was 75 % in version L compared to 87 % in version R. The median allocations
were 70 and 75 %, respectively, and reduction is rejected for VBT at p = 0.03. Again,
the preference for version R shows more clearly when the P1 − P2 assessments are
controlled; e.g., the subjects with P1 = 0.7 and P2 = 0.9 invested 69 % in version
L compared to 85 % in version R (samples of 6 and 4), while the subjects at P1=0.6
and P2 = 0.9 invested 54 and 80 %, respectively (samples of 4 and 2). The Tobit
regressions suggest that version R allocations were 7.6 % larger, rejecting reduction
for VBT at p < 0.03.

3.4 Limited loss aversion
The shift of return method was similarly utilized to test if loss aversion reflects in
valuation-by-tranche of composite deposits. The results with this respect are mixed,
suggesting that loss aversion is relevant only for large levels of loss. The next paragraphs present a negative example - contradicting loss aversion for small losses, and
a positive one - supporting loss aversion for more substantial losses.
The negative example builds on the “CAC-Momentum” composite of Fig. 3. The
structured return in this case depends on whether “CAC40” and “CAC all-shares”
outperform their 2103 levels in 2014. The composite description comes with boldedfont “regulatory disclosure” explaining that because of the strong overlap between the
indices, the two conditions should hold or disrupt together. Since both versions of the
composite pay 11 % on one tranche and 8 % on the other when CAC meets the 2013
benchmarks, the shift-of-3 % return between tranches makes difference only in the
case where CAC fails to pursue its 2013 levels. Version L pays 4 % on tranche 1 and
−3 % on tranche 2 in this scenario, while version R pays 1 and 0 %, respectively. If loss
aversion uniformly applies (x0 = 0) then the basic structure implies that −U (−3) ≥
U (3) ≥ U (4) − U (1) , so that U (1) ≥ U (4) + U (−3) and version R should appear
more attractive to investors that valuate by-tranche (Claim 3.4.1 in appendix B).
The allocation statistics at the upper panel of Table 4 contrarily reveal preference
for version L. While the expected return on investment was similar, close to 5 %, in
both samples, the median allocation was almost 10 % higher in version L, and the
WMW test rejected reduction, in the opposite direction to the one implied by VBT
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Condion A: "CAC40" would exceed its 2013 return, in 2014 (historical informaon:
CAC40 increased by approximately 17% in the ﬁrst 11 months of 2013)

Condion B: "CAC all shares" would exceed its 2013 return, in 2014 (historical
informaon: CAC all shares increased by approximately 16% in the ﬁrst 11 months of 2013)

Regulatory disclosure: The weight of the CAC40 stocks in CAC is large enough to
assume that both condions (A and B) would either hold or disrupt together
CAC-momentum - Version L

CAC-momentum- Version R

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
11.0%
4.0%

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
8.0%
1.0%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
8.0%
-3.0%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
11.0%
0%

Fig. 3 CAC-Momentum

(with uniform loss aversion), at marginal p = 0.06.16 Again, significance improved
when expectations were controlled. The subjects assigning 0.6-probability to weak
2014 performance of CAC (P = 0.4) invested 64 % in version L compared to 44 % in
version R (samples of 11 and 7, respectively). The subjects assigning 0.7 probability
to disappointing CAC performance invested 48 % in version L vs. 38 % in version R
(samples of 5 and 12), while those assigning 0.8 probability to failure of CAC invested
53 and 33 %, respectively (samples of 4 and 6). The Tobit version R marginal effect is
−7.5 % (p = 0.04) for the full sample, but decreases to −12.6 % (p < 0.02) when the
estimation is restricted to the 64 subjects that assigned at least 0.5 probability to the
case where CAC does not meet the 2013 benchmarks. The “CAC-momentum” results
thus defy reduction on one hand, interestingly suggesting that investors by-tranche
show preference for (4 %,−3 %) composite return combination over the equivalent
(1 %, 0 %) decomposition.
The positive example, showing that loss aversion manifests for larger levels of loss,
builds on the “CAC+TA-Bonds” of Fig. 4. The two conditions underling the structured
return in this case refer to distant markets, but as in preceding examples, the 3 % shift of
return between tranches does not alter the reduced-form prospect. The VBT ranking
of versions L and R, however, is not a priori clear in this case. On one hand, the
16 The “ %-preference for the composite” was similar, around 60 %, in versions L and R, but more than

fifth of the version R subjects that preferred the 60 % investment in the binary choice chose to decrease
their allocation, below 60 %, in the open allocation problem.
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Table 4 Mixed evidence regarding loss aversion

Results for "CAC-Momentum"
Median expected return
%-preference for composite
Median allocaon
Tobit esmaon (N=107)

Version L (N=55) Version R (N=52) Signiﬁcance
5.0
5.0
p=0.42
59%
62%
p=0.41
65.0
55.5
p=0.06
33*** + 5.0***∙Expected Return - 7.5**∙Version R Indicator
ChiSq=22.1; p<0.01

Results for "CAC+TA-Bonds"
Median expected return
% preference for composite
Median allocaon
Tobit esmaon (N=107)

Version L (N=55) Version R (N=52) Signiﬁcance
4.35
4.3
p=0.46
55%
35%
p=0.02
55
40
p=0.04
31*** + 4.3***∙Expected Return - 8.6**∙Version R indicator
ChiSq=21; p<0.01

Condion A: "CAC all shares" would exceed its 2013 return, in 2014 (historical
informaon: CAC all shares increased by approximately 16% in the ﬁrst 11 months of 2013)

Condion B: "TA-Bonds" would earn at least 3% in 2014 (historical informaon: The
general bonds index increased by approximately 6% in the ﬁrst 11 months of 2013)

CAC + TA Bonds- Version L

CAC + TA Bonds - Version R

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
15.0%
-4.0%

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
12.0%
-7.0%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
4.0%
2.0%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
7.0%
5.0%

Fig. 4 CAC + TA-bonds

concavity of U in gain-domain implies that the 3 % decrease (from 15 to 12 %) in
tranche 1’s return in the methodological shift from L to R is more than compensated
by the increase in returns on tranche 2 (from 2 to 5 % and from 4 to 7 %). Still, if the
parallel increase in loss (from −4 to −7 %) looms larger than the increase in gains
from 4 to 7 %, then version L may be ranked higher than version R by investors that
valuate by-tranche. For concrete prediction, claim 3.4.2 at the appendix assumes that
loss aversion does not apply at the 4–7 % loss level (so that U (−4) − U (−7) ≤
U (7) − U (4)), showing that version R is preferred to version L under VBT with
this restriction. The results at the lower panel of Table 4 nonetheless reveal clear
preference for version L. Again, the subjective assessments that the students delivered
for the underlying uncertainties were not affected by version, but the median composite
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allocation decreased from 55 % in version L to 40 % in version R (p < 0.04) and the
Tobit regressions suggested that version R investments were 8.5 % lower (p = 0.02)
controlling for subjective expected return. The observed preference for version L
reconciles with VBT if U (−7) + U (7) < U (−4) + U (4) in line with Kahneman
and Tversky (1979) early definition of loss aversion.
3.5 Increasing disutility of marginal loss
Based on ample experimental evidence, prospect theory assumes that decision makers
tend to pursue risk in loss-domain. In Kahneman and Tversky’s (1979), for instance,
92 % of the subjects prefer a loss of 4000 with probability 0.8 to definite loss of
3000, although the lottery is more expensive in expected loss. If utility is convex over
losses, then VBT technically implies that investors may prefer composites with single
large loss (say, 6 % loss on one tranche and 0 % on the second equal-weight tranche)
to equivalent representations with smaller losses on both tranches (3 % loss on each
tranche at the respective event). The “Blue-Tech possibilities” of Fig. 5 was designed
to test this hypothesis.17
The deposit consists of equal-weight tranches that pay 2-digit return if the “BlueTech” stock index exceeds given nominal thresholds in 2014, but yield zero or negative
return if the benchmarks are not achieved. Condition A for obtaining the positive return
(2 % increase in Blue-Tech) is weaker than condition B (4 % increase in the index), so
that tranche 1 may show positive return when tranche 2 is losing, but the opposite mix
is impossible. The equivalent versions of the composite were designed so that VBT,
with convex utility on losses, implies preference for version R (with 6 % loss on one
tranche) over version L (with 3 % loss on both tranches). The stronger condition for
obtaining the positive return on tranche 2 is essential, since a more flexible formulation
where A may disrupt while B holds might oppositely boost the value of L relatively
to the value of R.18 Claim 3.5 at the appendix provides a formal definition of lossdomain convexity, proving that version R is preferred to version L under VBT with
this additional assumption. The results in Table 5 yet oppositely reveal larger demand
for version L.
The “preference for the composite” proportions were 77 % vs. 67 %, respectively,
(p = 0.13) and the median allocations were 70 and 60 (p = 0.08), but the differences
turn significant when the comparison is restricted to the 49 pessimistic subjects that
assigned at least 0.3 probability to the scenario where version R losses 6 % (P1 ≤ 0.7;
see the lower panel of Table 5). The deposit choice proportions become 80 % vs. 50 %
(samples of 25 and 24 subjects) and the equality of allocations is rejected at p =
0.03. The larger demand for version L reconciles with VBT if loss-domain convexity
is aborted, oppositely assuming that the marginal disutility of loss is increasing so
that U (−3) − U (−6) > U (0) − U (−3). The subjects that assign non-negligible
probability to poor performance of the Blue-Tech index, dislike the 6 % loss on tranche
17 Blue-Tech groups the technology and biomed stocks traded at the Tel-Aviv exchange.
18 If P1 = 0 and P2 = 1, version L pays −3 % on one tranche and 12 % on the second, while version R

yields −6 % and 15 %, respectively. If U (−3) − U (−6) ≥ U (15) − U (12), L is preferred to R under VBT.

123

Author's personal copy
The valuation “by-tranche” of composite investment instruments

371

Condion A: Blue-Tech would gain at least 2% in 2014 (historical informaon: Blue
Tech increased by approximately 5% in the ﬁrst 11 months of 2013)

Condion B: Blue-Tech would gain at least 4% in 2014 (historical informaon: Blue Tech
increased by approximately 5% in the ﬁrst 11 months of 2013)

Blue-Tech Possibilies- Version L

Blue-Tech Possibilies- Version R

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
15.0%
-3.0%

Tranche 1 - 50%
Market condions
If A holds
If A is violated

Return
12.0%
-6.0%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
12.0%
-3.0%

Tranche 2 - 50%
Market condions
If B holds
If B is violated

Return
15.0%
0.0%

Fig. 5 Blue-Tech possibilities

Table 5 Results for “Blue-Tech possibilities”

Complete sample (N=107)
Median expected return
% preference for composite
Median allocaon
Tobit esmaon (N=107)

Version L (N=52)
Version R (N=55) Signiﬁcance
7.7
8.6
p=0.36
77%
67%
p=0.13
70
60
p=0.08
56*** + 1.1**∙Expected Return - 5.8*∙Version R indicator
ChiSq=5.4; p<0.07

Subjects with P1 ≤ 0.7 (N=49)
Median expected return
% preference for composite
Median allocaon
Tobit esmaon (N=49)

Version L (N=25)
Version R (N=24) Signiﬁcance
5.4
5.4
p=0.35
80%
50%
p=0.03
60
52.5
p=0.03
56*** + 1.5∙Expected Return - 11.1**∙Version R indicator
ChiSq=5.2; p<0.08

1 in version R, showing stronger willingness to invest in version L where the loss is
equally split between tranches.

3.6 Overweighting of small tranches
The Prospect theory literature shows that decision makers tend to overweight small
probabilities of extreme outcomes on the expense of other events. Intuitively, investors
that valuate composites by-tranche may exhibit comparable bias, showing preference
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The deposit consists of a main 95% tranche and a minor 5% tranche
Condion A: Blue-Tech would gain at least 4% in 2014 (historical informaon: BlueTech increased by approximately 5% at the ﬁrst 11 months of 2013)

Condion B: DJIA return in 2014 will exceed 75% of its return in 2013 (historical
informaon: DJIA increased by approximately 23% in the ﬁrst 11 months of 2013)

Blue Tech (+5% DJIA) - Version L

Blue Tech (+5% DJIA) - Version R

Tranche 1 - 95%
Market condions
If A holds
If A is violated

Tranche 1 - 95%
Market condions
If A holds
If A is violated

Return
5%
0%

Tranche 2 - 5%
Market condions
If B holds
If B is violated

Return
30%
24%

Tranche 2 - 5%
Market condions
If B holds
If B is violated

Return
6%
1%

Return
11%
5%

Fig. 6 Blue-Tech + 5 % DJIA

for composites that include a minor tranche with attractive return or oppositely rejecting investments with small risky component even when the reduced-form prospect
is appealing. The shift of return between tranches is especially useful for testing the
overweighting of small tranches, as it is possible to increase the return on a minor
tranche considerably while making relatively small change in the main tranche return.
The “Blue-Tech (+5 % DJIA)” composite of Fig. 6, for example, consists of major
95 % and minor 5 % components, so that 1 % decrease in the return on the main
tranche opens possibility to increase the small tranche by 19 % without changing the
real prospect. Version R of the composite (where the small tranche pays 30 % or 24 %,
while the large tranche pays 5 % or 0 %) therefore appears very different from version
L (where the respective returns are 11 % or 5 % and 6 % or 1 %). Moreover, the two versions were devised so that VBT implies preference for version L, where the “distance”
between tranches is smaller (similarly to “FTSE+TA-Finance”), but preferences may
reverse if the small 5 % tranche is overweighed at the expense of the major tranche.
The formal argument is presented in Claim 3.6 of appendix B, which provides a bound
for the degree of small tranche overweighting that is required to overturn preferences.
The results for the two versions of the composite are confronted in Table 6. The
version R subjects were slightly more pessimistic than those confronted with version
L (median P1 : 0.6 vs. 0.5; p = 0.06) and their expected return was accordingly
lower.19 The equality of choices and allocations, however, could not be rejected at
19 Intuitively, version R subjects could turn suspicious because of the extreme returns on tranche 2.
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Table 6 Results for “Blue-Tech (+5 % DJIA)”

Median expected return
% preference for the composite
Median allocaon
Tobit esmaon (N=107)

Version L(N=55) Version R(N=52) Signiﬁcance
4.2
3.8
p=0.06
69%
62%
p=0.21
65
65
p=0.29
14.0 + 10.4***∙Expected Return + 1.6∙Version R indicator
ChiSq=18.6; p<0.01

various tests. Within VBT, we interpret the inconclusive results as providing limited
support for small tranche overweighting. While the biased weighting is not strong
enough to make version R more tempting, the anticipated preference for version L
with objective weighting does not manifest as well.20

4 Questionnaires 2–3: risky composites
4.1 Methodology and subjects
Q2 and Q3 consisted of 36 binary choice problems, asking subjects to select between
alternative investment channels for given budget (see Figs. 7, 8, 9 for illustrative examples). At least one of the alternatives had composite two-tranche design in almost all
choice problems. The instructions (supplement D) adopted impersonal consultation
cover similarly to Q1, but the investment budget was occasionally altered, taking 4–
5 different levels along each questionnaire, to highlight the independence of choice
tasks. The reduction technique was carefully illustrated on the blackboard and subjects
could reexamine the examples while contemplating choices. Each binary choice was
printed in large font on a separate page, page-turning was prohibited, and problems that
are equivalent or similar in reduced-form were presented at distance of five separating
pages or more. The questionnaires were distributed in two versions, counterbalancing the order of problems and choice alternatives, and subjects could take about 90
minutes to make the 36 choices. One problem was randomly selected to determine the
consultation bonuses and students were invited to supervise the payment draws. The
bonus formula was 75 ∗ (1 + R) where R denotes the realized return on the selected
portfolio and the average payment was about 77 NIS (20 US $). The questionnaires
were distributed in advanced finance classes on samples of N = 66 (Q2) and N = 81
(Q3) students (94 % MBAs; 63 % males; no filtering was applied).
In general, Q2 and Q3 were constructed by three common principles to test reduction
vs. VBT using relatively simple choice problems, without making a priori assumptions
on risk or loss attitudes. The next paragraphs present the three design principles. The
differences between Q2 and Q3 are addressed subsequently.
20 To summarize Q1, we ran tentative estimations on the 107 · 6 = 642 allocation decisions, taking indi-

vidual heterogeneity (106 intercepts), problem-specific adjustments (6 indicators), and subjective expected
returns into account. The VBT indicator (= 1 for the versions that attracted significantly larger demand)
was significant at p < 0.01 by Tobit regressions on the allocations (T = 2.8). Logistic regressions on
“preference for the composite” gave p = 0.03 (Chi-square = 4.5).
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Example (a)
Porolio L
90K in ﬁxed return 3%
10K structured investment:
-With probability 0.5 the return is 8%
-With probability 0.5 the return is 4%

Porolio R
90K in ﬁxed return 1%
10K structured investment:
-With probability 0.5 the return is 26%
-With probability 0.5 the return is 22%

Example (b)
Porolio L
95K in ﬁxed return 3%
5K structured investment:
-With probability 0.5 the return is 8%
-With probability 0.5 the return is 4%

Porolio R
90K in ﬁxed return 1%
10K structured investment:
-With probability 0.5 the return is 26%
-With probability 0.5 the return is 22%

Fig. 7 Within-subject evidence for VBT

Example (c)
Porolio L
500K at ﬁxed interest 4%

Porolio R
Market condions
Condion I -probability 0.5
Condion II-probability 0.5

250K
5%
4%

250K
5%
3%

Porolio R
Market condions
Condion I -probability 0.5
Condion II-probability 0.5

250K
5%
4%

250K
3%
5%

Example (d)
Porolio L
500K at ﬁxed interest 4%
Fig. 8 Shift in correlation modifies choices

Porolio L
90K in ﬁxed return 7%
10K structured investment:
-With probability 0.5 the return is 12%
-With probability 0.5 the return is 8%

Porolio R
90K in ﬁxed return 5%
10K structured investment:
-With probability 0.5 the return is 30%
-With probability 0.5 the return is 26%

Fig. 9 Payoff vs. return as the primitive of choice

Principle 1: Exogenous control on probabilities and correlations
The tranches of Q2-Q3 risky composites always took the form of binary 50–50 lotteries. Moreover, when the composite consisted of two risky tranches, the correlation was
perfect, positive or negative, so the reduced-form version still took the form of 50-50
lottery. The use of only 0.5 probabilities simplifies the choice objects and reduces the
set of assumptions required for estimation. In addition, the exogenous control on correlations opens possibility for direct testing of the 100 % correlation neglect implied
by VBT. By reshuffling the returns on one tranche with respect to market conditions,
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keeping the returns on the second tranche at the prearranged order, it is possible to
shift the correlation between tranches from +1 to −1 or vice versa without affecting
the marginal tranche distributions (Fig. 8). As the shift in correlation should not affect
choices if investors valuate each component separately, the design opens possibility
for testing the scope of VBT without making assumptions on preferences or beliefs.
Principle 2: statistical approach
While the twinned allocation problems of Q1 were carefully tailored, building on properties of the underling preference functional to make directional predictions for VBT,
the binary choice problems of Q2–Q3 were heuristically constructed to test the model
econometrically while characterizing the valuation functional by data. The approach
of Q2–Q3 is therefore essentially statistical, compared to the theoretical method of
Q1. By comparing the fit and predictive power of VBRF and VBT estimations, the
statistical approach opens possibility to test the competing hypotheses without making
a priori assumptions on risk preferences, loss aversion or other properties of the value
functional V. Individual estimations of the competing models, in particular, allow for
testing the VBT hypothesis while taking into account the potentially strong heterogeneity in individual preferences.
Principle 3: Using choice consistency to validate VBT
The choice problems of Q2 and Q3 were assembled in small blocks of 2-6 problems (see supplements E and F). Each block was constructed using shift of return
between tranches or otherwise generating distinct versions of some prototype interesting choice problem. The problems composing each block were thus identical or
similar in reduced-form, but could appear very different in composite representation.
The block design was motivated by planning to test the consistency of choice in
comparable problems. If subjects base their choices on the reduced-form return distributions, then within-block choices should be consistent up to the noise that surfaces
in repeated choice. Valuation-by-tranche, nevertheless, may emerge as an additional
source of error, pushing the consistency rates to lower levels. The block design thus
opens possibility for validating the estimation results against crude nonparametric
measures of choice coherence. Subjects that econometrically classify as close to complying with reduction should appear relatively consistent, while subjects that classify
as VBT would also display significantly lower consistency scores.
Beyond these unifying principles, the choice problems of Q2 referred to larger
investment budgets and less risky portfolios compared to those of Q3. The median
investment was 500K in Q2 compared to 100K in Q3. To compare the riskiness of
candidate portfolios, let R represent the riskier choice alternative, in terms of higher
standard deviation of the reduced-form lottery, using S to represent the less volatile
alternative. The choice alternatives of Q2 then show lower expected return and lower
risk compared to those of Q3 (Table 7). Another major difference relates to the block
design of the two questionnaires. In Q2, the problems within each block were equivalent in reduced-form representation. 21 In Q3, the problems were slightly modified
within block to decrease the risk that subjects identify equivalent tasks. The willing-

21 Except for the three problems of block 14 (supplement E) where one alternatively dominated the other.
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Table 7 The risky and safe alternatives of Q2 and Q3
Q2
Expected
return (%)

Q3
Standard
deviation (%)

Expected
return (%)

Standard
Deviation (%)

Alternative R

4.5

2

5.6

4.5

Alternative S

4.0

0

4.3

0

The table presents the median expected return and median standard deviation across the 36 (34) choice
problems in Q2 (Q3). The analysis of Q3 covers only 34 problems, ignoring 2 problems that were generated
by scaling the returns and investment budgets by inverse factors (see supplement F for details). In 4 of Q3
problems the choice alternatives were identical in reduced-form. One alternative was arbitrarily assigned
as R

ness to take risk was higher in Q2 compared to Q3 (proportion of R choices 53 %
vs. 44 %; p < 0.01), but logistic regressions on the pool of 70 choice problems
confirmed that the proportion of R choices increased with the difference in expected
return while decreasing with the standard deviation of the risky alternative (p < 0.01
for both effects). The next sections discuss two examples leading to the hybrid model
specification.

4.2 VBT inducing 45 % violation of dominance
In choice problem (a) of Fig. 7, portfolio L is equivalent to portfolio R in reduced-form
representation, with each of the possible portfolios actually paying 3.5 or 3.1 % with
0.5 probability. If subjects reduce the composite portfolios before making choices,
then alternative L should not appear more or less tempting then alternative R. Yet, by
arguments similar to those introduced for the “FTSE + TA-Finance” of Q1, it easily
follows that VBT implies preference for alternative L where the distance between
tranches is smaller. Indeed, almost 78 % of the 81 responders to Q3 preferred L to R
in this case, and the random 50–50 choice hypothesis is easily rejected in a binomial
test (p < 0.01). Reduction is thus rejected for VBT even when subjects directly select
between two equivalent prospects. To test the scope of VBT further, choice problem
(b) slightly modifies the weights of components in portfolio L, keeping alternative
R unchanged. The weight of the risk-free tranche (paying 3 % return) is increased
to 95 %, while the weight of the risky tranche (that pays 4 or 8 %) is accordingly
decreased to 5 %. Since the returns on the risky tranche exceed the fixed return on
the major tranche, the 5 % weight shift clearly decreases the reduced-form return.
Alternative L now actually pays only 3.25 or 3.05 %, so that portfolio R - which
pays 3.5 or 3.1 % - strictly dominates L in return distribution. Still, almost 45 %
of the subjects (36 of 81) chose the dominated alternative L and the hypothesis of
random choice could not be rejected. The inclination to valuate composites by-tranche
thus misleads subjects into choosing a dominated return distribution, even though the
problems are presented in simple format and the reduction technique is carefully
illustrated.
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4.3 Contradicting VBT: correlations matter
If investors valuate composites by-tranche then shifts in the correlation between
tranches, keeping the marginal distributions unchanged, should not affect the willingness to invest. The VBT neglect of correlation was accordingly tested with the two
choice problems of Fig. 8. In problem (c), the returns on the two tranches of the risky
portfolio are positively correlated and it is easily observed that the composite pays 5
or 3.5 % compared to the 4 % return on the risk-free alternative. About 68 % of Q2
participants (45 of N = 66) chose to take risk in this case, preferring the composite to
the risk-free alternative. At distance of 25 separating pages, however, subjects were
confronted with problem (d) where the composite consists of similar tranches, but the
correlation is negative. As the portfolio actually pays 4 or 4.5 % in this version, the
risky option strictly dominates the 4 % risk-free alternative. Indeed, almost 91 % of
the subjects (60 of 66) preferred the composite to the risk-free investment in problem
(d) and paired comparisons confirmed that the choice rate of R significantly increased
compared to (c) (p < 0.01 by sign test). The contradiction to VBT is resolved if one
assumes that the reduced-form prospect also plays role in the valuation of composite
investments, beyond the tendency to valuate by-tranche. Oppositely to the design of
Q1, in the case of problems (c) and (d), the VBT predictions agree but the reducedform considerations make the composite portfolio of problem (d)—where one tranche
hedges against the other—more attractive. The significant response to changes in the
reduced-form when tranches are kept unchanged motivates the hybrid model that is
presented next.

5 The hybrid model and estimation results
5.1 The model and structure for estimations
Recalling that V represents the basic prospect valuation model, while V is reserved
for the value of composites under VBT, we introduce the symbol V to represent the
hybrid model, assuming that
V (C) = μ · V (R F (C)) + (1 − μ) · V (C)
The parameter μ ∈ [0, 1] represents the relative strength of the reduced-form version
in the hybrid valuation. The rational, frame-invariant model where investors valuate
composites by their reduced-form is obtained when μ = 1, while valuation-by-tranche
1
2
strictly applies when μ = 0. When
 the two composites
 1  C = 2C are
 1  μ < 12and
equivalent in reduced-form, V C ≥ V C if and only if V C ≥ V C . The
hybrid model ranking of a given composite and its equivalent version therefore agree
with VBT and Appendix B claims regarding the VBT preference for version L or R
of the Q1 composites hold within the generalized framework.
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To estimate the hybrid model on the datasets of Q2 and Q3, we adopt the following
structural assumptions:
Utility function: The utility function takes the CRRA form with the correction proposed by Vendrik and Woltjer (2007). In particular,
⎧

⎨ (1+x)αG − 1
when x ≥ 0
αG
αG


U (x) =
⎩ −λ · (1−x)α L − 1
when x < 0
αL
αL
for some positive αG , α L , and λ22 .
The Vendrik and Woltjer (2007) correction is advocated in Wakker (2010) in the
light of analytical problems that arise with the standard CRRA framework. The parameter αG represents the attitude to risk with gains, while α L characterizes the tendency
to take risk with losses. If investors show risk aversion for gains, but also exhibit
”increasing marginal disutility of loss” as suggested in the discussion of Q1, then we
might observe αG < 1 with α L > 1. If these inequalities hold, and in addition, the
loss aversion coefficient λ is larger or equal to 1, then −U (−x) > U (x) for every
x > 0, so that loss aversion is unrestricted (x0 = 0 in terms of the basic structure).
Limited loss aversion, as suggested by Q1, may still reflect if 0 < λ < 1 (more details
follow in Sect. 5.6).
Probability and tranche weighting: As the risky tranches and reduced-form versions
of Q2–Q3 always took the form of 50–50 lotteries, we directly estimate the subjective
weight of 0.5 probability of receiving the best outcome of the lottery (henceforth: 0.5
win-probability) using the symbol W (0.5) to represent the parameter. As the literature
suggests that 50 % win-probabilities are typically underweighted, the null hypothesis
here is W (0.5) ≤ 0.5. To account for possible tranche weighting, we tested some of
the parametric probability weighting functions proposed in the literature and adopted
the Tversky and Kahneman (1992) one-parameter function, assuming the weight of
1

the better tranche is transformed from w to ϕ (w) = w γ / w γ + (1 − w)γ γ . The
parameter γ represents the intensity of tranche weighting with ϕ (w) = w when
γ = 1.
The likelihood function: Let C Rj and C Sj represent the choice alternatives R and
S of problem j and let  j = V C Rj − V C Sj denote the difference in respective hybrid model valuations. To build the likelihood function for estimation, we
adopt a version of the Fechner model of heteroskedastic random errors as applied
in Blavatskyy
and
 Pogrebna (2010; model 2.3). In particular, assume an error term

ε j  N 0, k N j such that alternative R is selected when  j + ε j > 0, alternative S is chosen when  j + ε j < 0, and choice is random when  j + ε j = 0.
The term N j represents the heteroskedastic adjustment for problem j, while the
parameter k measures the noisiness of choices. Using the customary [0,k N j ] [z] to
represent the probability that ε j ≤ z, the log-likelihood function is formulated as
22 Following the literture conventions, we let U (x) = ln(x) for x ≥ 0 when α → 0 and U (x) =
G
−λ ∗ ln(−x) for x < 0 when α L → 0.
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follows:
LL =



log [0,k·N j ] V C Rj − V C Sj
j where alternative R was selected


log 1 − [0,k·N j ] V C Rj − V C Sj
+
j where alternative S was selected

The estimations maximize the log-likelihood function L L with respect to the vector
of 7 parameters θ = (αG , α L , λ, W (0.5) , γ , μ, k).
The heteroskedastic adjustment: Since the composite choice problems are relatively complicated, there are many plausible ways to model heteroskedasticity. We
tested several specifications, selecting a simple tentative model that produced the
best fit in terms of log-likelihood. Similar to Blavatskyy and Pogrebna (2010), we
use the difference in utilities U (x) − U (y) to represent the noise in valuation of
lottery L with payoffs x > y. The choice problem noise is then calculated as
simple average of the noise terms for all the lotteries composing the choice problem (risk-free tranches and choice alternatives are ignored). The average noise is
separately calculated for the composite representation and for the reduced-form
version, and the heteroskedastic adjustment N j is derived as weighted-average of
the two terms, using the parameter μ for the weight of the reduced-form noise.
The hybrid noise specification thus resembles the hybrid valuation model in structure. If μ = 1 the noise only depends on the reduced-form choice alternatives,
while in the case where μ = 0 the noise represents the average volatility, in
utility terms, of the binary lotteries that compose the unprocessed representation.23
5.2 Estimation results: general
The estimation results for Q2 and Q3 are summarized in the two panels of Table 8. The
leftmost column of each panel shows the results of aggregate estimations, accounting
for between-subject diversity only through individual noise parameters ki . The individual estimations are summarized at the next three columns. As the subject-specific
estimations build on small samples of 36 or 34 observations, convergence and robustness were verified on individual basis. Web supplement G discusses the estimation
method and robustness of results more closely, also addressing some identification
problems that may arise in the hybrid model estimations. The “μ ∈ [0, 1]” columns of
Table 8 summarize the individual hybrid estimations, presenting the median estimated
coefficients with the sample standard errors in brackets. The “μ ≡ 1” and “μ ≡ 0”
columns, respectively, summarize the restricted (misspecified) VBRF and VBT estimations. The fit of the different models is compared using the log-likelihood score
23 In example (a) of Fig. 7 the composite version noise is the average of U(26)-U(22) and U(8)-U(4),
while the reduced-form noise is U(3.5)-U(3.1). When the heteroskedastic adjustment is removed, assuming
constant noise in all problems, the −2L L (by individual-level estimations) increase from 2191 to 2285 for
Q2 and from 2144 to 2284 for Q3. The estimation results are generally robust except for strong increase in
the estimated ki ’s.
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Table 8 Estimation results
Model

Questionnaire Q2
Aggregate
(N= 2376)

αG
αL
λ
W (0.5)
γ
k

0.86∗∗∗

Questionnaire Q3

By subject (N = 66)

Aggregate
(N = 2754)

μ ∈ [0, 1]

μ≡1

μ≡0

0.88∗∗∗

0.57∗∗∗

1.08

0.86∗∗∗

By subject (N = 81)
μ ∈ [0, 1]

μ≡1

μ≡0

0.80∗∗∗

0.75

0.83∗∗∗

(0.04)

(0.07)

(0.09)

(0.08)

(0.05)

(0.05)

(0.09)

(0.05)

1.42∗∗∗

1.39∗

≡1

0.99

1.43∗∗

1.48∗∗∗

2.81∗∗

0.82∗

(0.10)

(0.25)

(0.13)

(0.15)

(0.10)

0.44∗∗∗

0.80∗∗

0.46∗∗∗

0.53∗∗∗

0.84

0.91

(0.18)

(0.12)

0.40∗∗∗

0.40∗∗∗

(0.17)

(0.22)

(0.23)

(0.22)

(0.15)

(0.21)

(0.25)

(0.18)

0.46∗∗∗

0.43∗∗∗

0.46∗∗∗

0.43∗∗∗

0.34∗∗∗

0.40∗∗∗

0.30∗∗∗

0.40∗∗∗

(0.01)

(0.01)

(0.01)

(0.01)

(0.02)

(0.01)

(0.01)

(0.01)

1.03

1.00

NA

1.03

0.99

1.03

NA

(0.03)

(0.03)

(0.07)

(0.03)

(0.02)

1.00
(0.03)

0.10

0.10

0.34

0.14

0.22

0.10

0.31

0.15

(0.03)

(0.03)

(0.10)

(0.19)

(0.05)

(0.12)

(0.15)

(0.08)

0.47

0.48

≡1

≡0

0.40

0.30∗

≡1

≡0

(0.05)

(0.05)

(0.16)

(0.05)

−2L L

2903

2191

2573

2484

3195

2144

2739

2552

|Error|

8.9 %

2.0 %

3.0 %

4.3 %

7.7 %

1.7 %

3.6 %

2.9 %

(0.9 %)

(0.3 %)

(0.4 %)

(0.4 %)

(0.8 %)

(0.2 %)

(0.3 %)

(0.4 %)

μ

The table summarizes the estimations for Q2 and Q3, disclosing the median estimated coefficient with the
sample standard error is smaller brackets when parameters are estimated on individual basis. The asterisks
summarize the results of testing αG < 1 (gain-domain risk aversion), α L > 1 (loss-domain risk aversion),
λ < 1 (gain-seeking), W (0.5) < 0.5 (pessimistic weighting of 0.5 win-chance), γ < 1 (overweighting
of small tranches) and μ < 0.5 (VBT leading on VBRF), where we use “testing β < 1” to abbreviate
“testing of β = 1 against β < 1”. The asymptotic T test is used for the aggregate estimates, while the
nonparametric sign test is used for testing the vectors of 66 or 81 individual estimates; ***, **, * are used
for p < 0.01, p < 0.05, and p < 0.1, respectivelly. The −2L L row presents the log-likelihood score
of the respective model, while the |Error| row presents the median |actual choice rate of R minus predicted
choice rate of R| with the sample standard error in smaller brackets. Q2 reduced-form lotteries did not
involve losses except for three problems (block 2 by supplement E) with unique loss of -0.4 %. The joint
identification of α L and λ is therefore impossible for Q2 when μ = 1. For tractability, we assumed α L ≡ 1
in this case estimating λ to test if the subjects over or underweight the unique possible loss. For the same
reason, the α L statistics in the μ ∈ [0, 1] column for Q2 refer to the 58 subjects with μ < 1. Since tranche
weighting is irrelevant when μ = 1, the γ statistics in the μ ∈ [0, 1] column refer to the 58 (77) subjects
with μ < 1 in Q2 (Q3). Web supplement G provides more details on the estimation method and robustness
of results

(−2LL; representing the sum of individual scores where applicable). In addition, we
compare the proportion of problems where each subject chose the riskier alternative
R with the predicted choice rate of R by the estimations, using the variable |Error|
to represent the absolute value of the difference (see supplement H for clarifying
example).
The insights from the estimations are briefly discussed at the next subsections.
Before addressing the main points we briefly note that the “random choice” hypothesis,
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Table 9 Distribution of estimated μ in Q2 and Q3

μ 0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Q2 43.1% 6.9% 1.7% 3.5% 1.7% 3.5% 1.7% 6.9% 1.7% 29.3%
Q3 46.8% 2.6% 2.6% 7.8% 1.3% 6.5% 3.9% 2.6% 6.5% 19.5%
Each column [μ1, μ2] presents the proportion of subjects with μ1 ≤ μ < μ2; the last column includes the
subjects at μ = 1

assuming subjects choose R or S with constant 50 % probability, is easily rejected
in likelihood ratio tests;24 the estimated αG and W (0.5) are close to Tversky and
Kahneman (1992) and many subsequent studies; and the hypothesis γ = 1 could
not be rejected for either experiment, suggesting that tranche weighting did not play
systematic role in the valuation of risky composites.25
5.3 Bimodal distribution of µ
The estimations clearly support the hybrid model suggesting that the composite representations, as well as the reduced-form versions, affected the observed choices. The
hypothesis μ = 0.5 could not be rejected for either sample in the aggregate estimations
(T = 0.98 for Q2; T = 0.61 for Q3), but the individual estimations more closely reveal
a bimodal distribution with 50 % of the subjects showing μ ≤ 0.2 and close to 25 %
revealing μ ≥ 0.8 in both experiments (Table 9). The hypothesis that μ is similarly distributed in both samples could not be rejected in various tests (Kolmogorov–Smirnov
D = 0.14; p = 0.43), and about one third of each sample (33 % of Q2 and 36 % of the
Q3) classifies as “genuinely hybrid” if the classification key is 0.1 ≤ μ ≤ 0.9. The
heterogeneity of subjects with respect to valuation-by-tranche also reflects in significantly stronger fit measures for the hybrid model compared to VBT or VBRF. The
restrictions “μ ≡ 0” or “μ ≡ 1” are rejected at p<0.001 for the fully parameterized
model in likelihood ratio tests. The |Error| of the hybrid model, when estimated on
individual basis, is smaller than 2.5 % for more than 60 % of the participants in both
samples. The median error of the VBRF and VBT models (Table 8) is at least 50 %
larger than the median error of the hybrid model.
5.4 VBT leading to inconsistent choice
The block design of Q2–Q3 was partially motivated by planning to test the correlation
between the estimated μi ’s and direct measures of choice consistency. The blocks of
the two questionnaires, nevertheless, were fundamentally different, with equivalent
24 The random choice model can be considered a special case of the hybrid model with large enough noise

ki . The random choice −2L L is easily derived: 66 · 36 · −2 · ln(0.5) = 3294 for Q2 and 81 · 34 · −2 · ln
(0.5) = 3818 for Q3.
25 Intuitively, tranche weighting could play stronger role with framed-field composites such as “Blue-Tech

(+5 % DJIA)” compared to the more stylized risky composites of Q2-Q3.
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choice problems in the blocks of Q2, compared to slightly modified versions in the
blocks of Q3. The next definition of within-block consistency is general enough for
usability in both types of design:
Definition: Within-block choice consistency
Consider a block of choice problems B = {P1, P2, . . . Pm} with P j denoting the
j-th problem in the block and L1 ( j) , L2 ( j) representing the reduced-form versions
of problem j’s choice alternatives. We say that choices are consistent within block B
if the next two conditions hold for each j = 1, 2 . . . m:
(a) If alternative Li ( j) is selected in problem j and there exists another problem j = j
at the same block B such that the reduced-form version of one alternative in j , say
Li ( j ) weakly dominates Li( j), while the reduced-form version of the second
alternative in j , L(3 − i )( j ), is weakly dominated by the unselected alternative
in j (L (3 − i) ( j)) , then alternative i is selected in problem j 26
(b) If one alternative of problem j strictly dominates the other alternative (in terms of
reduced-form return distributions) then the dominant lottery is selected.
Using this definition, we tested the consistency of choices in each of the 14 blocks
of Q2 and each of the 9 blocks of Q3 and used the proportion of blocks with consistent choices as an individual nonparametric consistency measure. Note that since
condition (a) of the definition refers to weak dominance (rather than strict), consistency demands identical choices in equivalent problems. The consistency scores for
Q2 (where all blocks but one consisted of identical problems) thus essentially represent the proportion of blocks where similar choices were made in identical problems,
while the consistency scores for Q3 alternatively measure the proportion of blocks
where choices were consistent between similar, not necessarily identical, problems
and did not violate dominance. Web appendices E and F provide complete listings
of the consistency conditions for each block of each questionnaire. Table 10 summarizes the correlation between the estimated μi ’s and the nonparametric consistency
scores. The Pearson correlations are 0.38 for Q2 and 0.43 for Q3 (p < 0.01, in both
cases). A median split of each sample by consistency reveals median μi = 0 for the
low-consistency subjects, compared to median μi of 0.75 (in Q2) and 0.825 (in Q3)
for the highly consistent. Equality is easily rejected in WMW tests (p<0.01; in both
samples).27
5.5 Increasing marginal disutility of loss
Q1’s examples suggested that the VBT impact of increase in loss from −3 to −6 %
is stronger than the effect of an initial loss of −3 %. The increasing marginal disu26 For example, take problems 2.2–2.3 of Q3: 2.2 involves choice between a lottery paying 15 % or −1 %
and fixed return of 5.55 %. In 2.3, the lottery pays 15.6 % or −0.6 %, while the fixed return is 5.4 %.
Consistency is violated if the lottery is selected in 2.2 and the safe alternative is selected in 2.3.
27 The Q2 (Q3) consistency scores ranged between 2/14 and 12/14 (1/9 and 9/9) with medians 0.54 (0.55),

respectively. μ also shows negative correlation −0.21 with αG . A median split of the samples by αG reveals
median μ 0.1 (in both samples) for the relatively risk seeking, compared to 0.4 (Q2) and 0.9 (Q3) for the
relatively risk averse. The risk averse thus appear to process the composites more rigorously than others.
The correlations between μ and other estimates were close to zero.
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Table 10 Correlation between μ and within-block consistency rates
Pearson correlations

Q2 (N = 66)
0.38∗∗∗

Q3 (N = 81)
0.43∗∗∗

0.75 (N = 33)

0.825 (N = 38)

Median split by consistency scores
Median μi of the high consistency subjects
Median μi of the low-consistency subjects

0 (N = 33)

0 (N = 43)

Median μi for most consistent quartile

0.9 (N = 15)

0.85 (N = 22)

tility of loss also shows in the estimations of the hybrid model on Q2 and Q3. The
α L estimates in Table 8 lie between 1.39 and 1.48, with the individual estimations
revealing α L > 1 for 60 % of the subjects in Q2 and 64 % of the participants in Q3.28
When the hybrid model individual estimations are run again assuming α L = 1 for
all subjects, the joint log-likelihood score increases by more than 200 points, so that
the constraints α L ≡ 1 are rejected at p < 0.001 in likelihood-ratio test. The suggestion that utility functions may be concave over losses has been previously made in
more general contexts (see the exchange between Levy and Levy 2002; Wakker 2003;
Baltussen et al. 2006). Intuitively, the increasing disutility of loss seems plausible for
structured heavy investments. Investors may be willing to take the risk of small loss
for larger expected return, but the negative effect of further increase in loss marginally
accelerates.
5.6 Restricted loss aversion
Q1 also suggested that loss aversion may play smaller role in the valuation of structured
investments where limited losses are compensated by larger gains. Again, similar
patterns reflect in the estimations for Q2 and Q3. Consider the aggregate estimations
of Table 8 first. Since α L > αG in both samples, the disutility of given loss may be
larger (in absolute value) from the utility of similar gain even with λ < 1 (Nilsson
et al. 2011). Indeed, the aggregate λ estimates are 0.4 for Q2 and 0.46 for Q3 and
the hypothesis λ = 1 is rejected at p < 0.01 for both samples. It is easily verified
that with α L > αG and λ < 1 there exists a threshold return level x0 > 0, such that
investors exhibit gain-seeking for losses smaller than x0 but loss aversion emerges for
losses larger than x0 . The threshold for loss aversion by the aggregate estimations for
Q2 is around 9.2 %, while the threshold for Q3 is about 6.2 %, but the individual-level
analysis is again more revealing (Web supplement I). Since the maximal possible loss
on the experimental tranches was 20 %, we limit the loss attitude classifications to
0 % to 20 % losses. About 22 % of the subjects (18 % of Q2 and 25 % of Q3) are
always loss-averse within this range (−U (−x) > U (x) for every 0 ≤ x ≤ 20 %)
while 23 % (29 % and 19 %) are always gain-seeking (−U (−x) < U (x) for every
0 ≤ x ≤ 20 %). The largest group, however, counting more than 42 % of the pool
(41 % of Q2 and 43 % of Q3) shows mixed type of loss attitude, switching from
28 Again, the 8 Q2 subjects with estimated μ = 1 are ignored for the α statistics.
L
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gain-seeking to loss aversion at some 0 < x0 < 20 %. The median switch point x0
is 4 % for Q2 (N = 27) and 6 % for Q3 (N = 35).29 Anecdotally, the switch-points
for these subjects are roughly consistent with those implied by the examples of Q1.
More generally, the results here coincide with other studies claiming that loss aversion
may play smaller role in vigilant choice (e.g., Ert and Erev 2008; Vieider 2009; SokolHessner et al. 2009), in relatively complicated choice (Brooks et al. 2014), and amongst
highly educated survey participants (Booij and Van de Kuilen 2009).

6 Discussion
To wrap-up the paper we discuss few additional perspectives and implications:
Scope of current study
Questionnaire 1 rejected reduction for VBT using twin composite versions of the same
reduced-form prospect. The experiment did not compare the willingness to invest in
the reduced-form and the composite representations. The value of the reduced-form
prospect, as generally presented in Table 1, may depend on the representativeness of
underlying events (Tversky and Kahneman 1982), idiosyncratic patterns of eventweighting (Abdellaoui et al. 2011), and other attributes that are irrelevant in the
valuation-by-tranche of the composite versions. By way of interpretation, Q1 results
cannot be used to generally predict if dismissing the composite representation and
marketing the reduced-form would raise or diminish demand. A similar caveat applies
to the scope of Q2 and Q3.30
Preference for segregated gains
Thaler’s (1985) first principle of mental accounting (on page 18 of the reprinted
2008 version) proposes that decision makers prefer a sequence of nominal gains,
say 3000 and 4500 to single aggregate gain of 7500. Formally, the preference for
“segregation of gains” follows from the decreasing marginal utility of gains, as the
sum U (3500) + U (4000) exceeds U (7500) for concave U. Returning to the current
context, the preference for split positive outcomes intuitively suggests that investors
might exhibit fundamental penchant for composite representations in the domain
of positive returns. An ETN that tracks the performance of CAC40 and CAC100
may, by this intuition, appear more attractive than each of the underlying indices in
spite of the close to perfect correlation. The experimental results, however, clearly
reject the hypothesis that subjects valuate composites by the sum of tranche-level
nominal gains. For specific example take the choice problem of Fig. 9. It is eas29 The remaining subjects (about 13 % of the pool) exhibit the reversed type of behavior with loss aversion

replaced by gain-seeking when returns exceed some threshold level x0 < 20 %. The prediction |Error| for
these subjects is 1/3 larger than others (median 2.4 % vs. 1.8 %; p = 0.06) which suggests that the hybrid
model shows relatively small success in explaining their choices.
30 Take, for example, the case where a composite consists of one tranche paying 8 % with probability 0.8
or 2 % with probability 0.2 and a second tranche paying 10 % or 0 % with equal 0.5 probabilities. Assume
w = 0.5 and independence of tranche returns. While the concavity of U plays for the reduced-form version
(since, for example, U(1 %)>0.5·U(2 %) + 0.5·U(0 %)), strong overweighting of the 0.1 worst case scenario
(2 % and 0 % returns) may oppositely decrease the appeal of the reduced-form lottery.
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ily verified that alternatives L and R are equivalent in reduced-form, while VBT
implies preference for portfolio L over portfolio R. Still, if the composites are valuated by the tranche-level series of nominal gains, then version R that pays 4500 and
3000 in the stronger realization while paying 4500 and 2600 in the weaker state of
nature, should be preferred to alternative L that, respectively, pays 6300 and 1200
(stronger state) or 6300 and 800 (weaker market conditions).31 As almost 3/4 of
81 subjects preferred L to R in this case, the payoffs model is strongly rejected for
VBT.
Optimal composite design (demand side considerations)
At least three conjectures regarding the effective design of composites (ETNs and ETFs
in particular) roughly follow from the experimental results: (a) When expectations are
positive, composites that consist of an apparently stronger tranche and a less appealing component may attract smaller flows compared to more balanced designs. Data
permitting, this hypothesis can be tested on empirical ETN/ETF flow or trading data,
using past performance statistics, volatility measures and other observables to control
for fundamentals. (b) Since our experimental results regarding tranche weighting are
inconclusive, the hypothesis that investors show signs of overweighting small tranches
in composite investment decision deserves closer examination. Again, it is interesting
to test if the existence of small tranche affects flows and prices. While in theory ETNs
and ETFs must be traded at prices that mimic the underlying assets, persistent gaps
frequently arise (e.g., Diavatopoulos et al. 2014). Testing if these gaps correlate with
structural features such as the existence of a minor tranche may be worthy as well.
(c) The experimental results suggest that loss attitudes may be nonstandard in the
context of heavy advanced financial investment. If the marginal disutility of financial
loss is increasing but loss aversion is irrelevant for small structured losses, then the
engineering of structured investments may improve taking these nonstandard features
into consideration.32
Acknowledgements We have benefited from communications with Yoram Eden, Andrea Isoni, Yud
Izhakian, Yakov Kareev, Rene Levinsky, Amir Levkovitz, Shiki Levy, Jushua Miller, Max Shifrin, Yossi
Tako, Peter Wakker and Daniel Zizzo. We thank Hila Malka and Eyal Weinstock for research assistantship
and the research authority at COMAS for funding the project

31 Formally, concavity of U implies that U (6300) − U (4500) < W (0.5) · [U (3000) − U (1200)] +
(1 − W (0.5)) · [U (2600) − U (800)], so that U (6300) + W (0.5) · U (1200) + (1 − W (0.5)) · U (800) <
U (4500) + W (0.5) · U (3000) + (1 − W (0.5)) · U (2600), and R is preferred to L under VBT with payoffs
as the primitive of valuation. The point could be made with example (a) of Fig. 7, but the Fig. 9 example is
more convincing.
32 The exact terms of deposit A (Appendix A) are provided at https://www.cibcnotes.com (product code

CBL221). The weight of GOLD and SILVER in ETN B changes with the underlying index composition;
see http://etfdb.com/factsheets/BLNG.The past performance table in C was replicated from http://tih.co.il/
docs/heb/tih-1129527.pdf.
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Appendix A: Composite investments: recent field examples
.Field example A: Non-tradable commodity-linked deposit note

Field example B: Precious metals ETN

Field example C: Israeli small-midcap Index-linked note
Historical information as presented in the product brochure
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Appendix B – Claims and proofs
Claim 3.2 (The ”Finance Sector” composite) Assume the basic structure with U (15)−
U (10) < −U (−5). Then, VBT implies that version L of the ”Finance Sector deposit”
is preferred to version R. The preference is strict if W (E1) < W (E2).
Proof of 3.2: Following the general paper notation, let E1 (E2) represent the event
“TA-Finance ≥ 15 %” (“TA-Finance ≥ 8 %”).
Note that since E1 ⊆ E2, W (E1) ≤ W (E2) , so that W (E1) − W (E2) ≤ 0.
Under VBT, using V (L) to denote the value of the left version of the composite
and V (R) to denote the value of the right version,
V (L) − V (R)
= {0.5 · [W (E1) · U (15)] + 0.5 · [W (E2) · U (10) + (1 − W (E2)) · U (−5)]}
− {0.5 · [W (E2) · U (15)]
+ 0.5 · [W (E1) · U (10) + (1 − W (E1)) · U (−5)]}
= (∗) 0.5 · [W (E1) − W (E2)] · {U (15) − U (10) + U (−5)}
Since U (15) − U (10) + U (−5) < 0 by assumptions, 0.5 · [W (E1) − W (E2)] ·
{U (15) − U (10) + U (−5)} ≥ 0, so that V (L) − V (R) ≥ 0 with strict inequality
when W (E1) < W (E2).


Claim 3.3 (“FTSE+ TA-Finance”) Assume the basic structure. Then, VBT implies
that version R of “FTSE+ TA-Finance” is preferred to version L
Proof of 3.3: The decreasing marginal utility of gain implies that: U (9) − U (7) ≤
U (4) − U (2) ≤ U (3.5) − U (1.5) , so that
W (E1)·[U (9) − U (7)]+(1 − W (E1))·[U (4) − U (2)] ≤ U (3.5)−U (1.5)

(*)

By similar considerations,
(**)

W (E1) · [U (9) − U (7)] + (1 − W (E1)) · [U (4) − U (2)] ≤ U (2.5) −
U (0.5)

From (*) and (**) it follows that
W (E1) · [U (9) − U (7)] + (1 − W (E1)) · [U (4) − U (2)]
≤ W (E2) · [U (3.5) − U (1.5)] + (1 − W (E2)) · [U (2.5) − U (0.5)]
Rearranging and multiplying by 0.5 gives:
0.5 · [W (E1) · U (9) + (1 − W (E1)) · U (4)]
+ 0.5 · [W (E2) · U (1.5) + (1 − W (E2)) · U (0.5)]
≤ 0.5 · [W (E1) · U (7) + (1 − W (E1)) · U (2)]
+ 0.5 · [W (E2) · U (3.5) + (1 − W (E2)) · U (2.5)] ,
so that V (L) ≤ V (R) under VBT
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Claim 3.4.1 (“CAC-momentum”) Assume the basic structure with x0 = 0 (unrestricted loss aversion). Then, VBT implies that version R of “CAC-momentum” is
preferred to version L
Proof of 3.4.1: Since E1 and E2 hold or disrupt together let E ≡ E1 = E2, using
W (E) to denote the subjective weight of the respective event.
Under VBT,
V (L) = 0.5 · [W (E) · U (11) + (1 − W (E)) · U (4)]
+0.5 · [W (E) · U (8) + (1 − W (E)) · U (−3)] , while
V (R) = 0.5 · [W (E) · U (8) + (1 − W (E)) · U (1)]
+0.5 · [W (E) · U (11) + (1 − W (E)) · U (0)]
These imply that
(*) V (L) − V (R) = 0.5 · (1 − W (E)) · [U (4) + U (−3) − U (1)]
But when loss aversion is unrestricted (x0 = 0),
−U (−3) ≥ U (3) ≥ U (4) − U (1) , so that U (4) + U (−3) − U (1) ≤ 0.
From (*) it follows that V (R) ≥ V (L) so that version R is preferred to version L
under VBT.


Claim 3.4.2 (“CAC + TA-Bonds”) Assume the basic structure with U (−4) −
U (−7) ≤ U (7) − U (4) (x0 > 4 % for compatibility with restricted loss aversion).
Then, VBT implies that version R of ”CAC + TA-Bonds” is preferred to version L.
Proof of 3.4.2: The decreasing marginal utility of gain implies that U (15)−U (12) ≤
U (7) − U (4) ≤ U (5) − U (2) , so that
(*) U (15) − U (12) ≤ W (E2) · [U (7) − U (4)] + (1 − W (E2)) · [U (5) − U (2)]
If, in addition, loss aversion is restricted as assumed in the claim, then U (−4) −
U (−7) ≤ U (7) − U (4) ≤ U (5) − U (2) , so that
(**) U (−4)−U (−7) ≤ W (E2)·[U (7) − U (4)]+(1 − W (E2))·[U (5) − U (2)]
It follows from (*) and (**) that
W (E1) · [U (15) − U (12)] + (1 − W (E1)) · [U (−4) − U (−7)]
≤ W (E2) · [U (7) − U (4)] + (1 − W (E2)) · [U (5) − U (2)]
This in turn implies that
0.5 · {W (E1) · U (15) + (1 − W (E1) · U (−4)}
+ 0.5 · {W (E2) · U (4) + (1 − W (E2)) · U (2)}
≤ 0.5 · {W (E1) · U (12) + (1 − W (E1) · U (−7)}
+ 0.5 · {W (E2) · U (7) + (1 − W (E2)) · U (5)}
So that V (L) ≤ V (R) and version R is preferred to version L under VBT

123




Author's personal copy
The valuation “by-tranche” of composite investment instruments

389

Definition: Decreasing marginal disutility of loss (for claim 3.5)
The utility function U of the basic structure complies with “decreasing marginal
disutility of loss” if U (y) − U (y + t) ≤ U (x) − U (x + t) , for every y < x ≤
0, t < 0.
Claim 3.5 (“Blue-Tech Possibilities”) Assume the basic structure with decreasing
marginal disutility of loss. Then, VBT implies that version R of the “Blue-Tech Possibilities” is preferred to version L.
Proof of 3.5: If the marginal disutility of loss is decreasing then
(*) U (−3) − U (−6) ≤ U (0) − U (−3)
Together with loss aversion33 , the decreasing marginal disutility of loss implies that
U (15) − U (12) ≤ U (−12) − U (−15) ≤ U (0) − U (−3) ,so that
(**) U (15) − U (12) ≤ −U (−3)
Note next that since E2 ⊆ E1, W (E2) ≤ W (E1) .
Multiplying inequality (∗) by (1 − W (E1)), and inequality (∗∗) by (W (E1) −
W (E2)) and summing up gives:
((1 − W (E1)) · [U (−3) − U (−6)] + (W (E1) − W (E2)) · [U (15) − U (12)]
≤ ((1 − W (E1)) · [−U (−3)] + (W (E1) − W (E2)) · [−U (−3)]
= (1 − W (E2)) · [−U (−3)]
We have shown that
(W (E1) − W (E2)) · U (15) + (1 − W (E1)) · U (−3) + (1 − W (E2)) · U (−3)
≤ (W (E1) − W (E2)) · U (12) + (1 − W (E1)) · U (−6)
Adding W (E2) · [U (15) + U (12)] to both sides of the inequality, multiplying by 0.5
and rearranging, gives
0.5 · {W (E1) · U (15) + (1 − W (E1)) · U (−3)}
+ 0.5 · {W (E2) · U (12) + (1 − W (E2)) · U (−3)}
≤ 0.5 · {W (E1) · U (12) + (1 − W (E1)) · U (−6)}
+ 0.5 · {W (E2) · U (15)}
This proves that V (L) ≤ V (R) so that version R is preferred to version L under VBT
with decreasing marginal disutility of loss.


Claim 3.6 (“Blue-Tech+ 5 % DJIA”)
Assume the basic structure and let
Z 1 = W (E1) · [U (6) − U (5)] + (1 − W (E1)) · U (1) ,
Z 2 = W (E2) · [U (30) − U (11)] + (1 − W (E2)) · [U (24) − U (5)] ,
33 Loss aversion is used for 12–15 % losses; for compatibility with assumption (I I ) of the basic structure,

assume that x0 ≤ 10 %
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l = Z 1/ (Z 1 + Z 2) (where E1 and E2 are as defined for “Blue-Tech + 5 % DJIA”).
Then,
(a) VBT implies that Version L of “Blue-Tech + 5 % DJIA” is preferred to version
R,
(b) l ≥ 0.05 (1 − l ≤ 0.95)
(c) Preferences reverse under VBT+, so that version R is preferred to version L, if
ϕ (0.05) ≥ l (sufficient overweighting of the small tranche) and ϕ (0.95) ≤ 1 − l
(sufficient underweighting of the large tranche).34
Proof of 3.6: First, we prove that VBT implies preference for version L over version
R.
The decreasing marginal utility of gain implies the next 4 inequalities:
(1)
(2)
(3)
(4)

U (6) − U (5) ≥ [U (30) − U (11)] /19
U (6) − U (5) ≥ [U (24) − U (5)] /19
U (1) ≥ [U (30) − U (11)] /19
U (1) ≥ [U (24) − U (5)] /19

Multiplying the four inequalities by
W (E1) · W (E2) ,
W (E1) · (1 − W (E2)) ,
(1 − W (E1)) · W (E2) ,
(1 − W (E1)) · (1 − W (E2))
respectively, and summing up gives:
W (E1) · [U (6)−U (5)]+(1−W (E1)) · U (1) ≥
+ (1 − W (E2)) · [U (24) − U (5)]}

1
· {W (E2) · [U (30) − U (11)]
19

This in turn implies that
0.95 · {W (E1) · U (6) + (1 − W (E1)) · U (1)}
+ 0.05 · {W (E2) · U (11) + (1 − W (E2)) · U (5)}
≥ 0.95 · {W (E1) · U (5)}
+ 0.05 · {W (E2) · U (30) + (1 − W (E2)) · U (24)}
This proves that V (L) ≥ V (R) so that version L is preferred to version R under VBT
as stated in part (a) of the claim.
34 To illustrate that ϕ(0.05) ≥ l is insufficient for preference reversal unless ϕ(0.95) ≤ 1−l, let W (E1) = 1
and W (E2) = 0. Assume that preferences take the Vendrik and Woltjes form with xG = 0.8. It then
follows that l ≈ 0.057989, so that L and R obtain similar values under VBT+ if ϕ(0.05) = 0.057989 and
ϕ(0.95) = 0.942011. Version R becomes more attractive if, for example, ϕ(0.05) = 0.06 and ϕ(0.95) =
0.94. However, if ϕ(0.05) = 0.057989 (sufficient overweighting of 0.05) but ϕ(0.95) = 0.95 (insufficient),
L is still preferred to R.
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For part (b) note that since V (L)−V (R) ≥ 0, (under VBT) 0.95·Z 1−0.05·Z 2 ≥ 0,
so that l = Z 1/ (Z 1 + Z 2) ≥ 0.05.
For part (c) note that since the returns ontranche
 2 are always higher than the returns
on tranche 1 in version R, V (T 2 R ) ≥ V T 1 R (where the notation T i j represents


tranche i of version j). For version L, however, it is possible that V (T 2 L ) ≥ V T 1 L


(case 1) or V (T 2 L ) < V T 1 L (case 2)


Case 1: If V (T 2 L ) ≥ V T 1 L , then (using the notation V + to distinguish VBT+
from VBT)
V + (R) − V + (L)
= {ϕ (0.05) · [W (E2) · U (30) + (1 − W (E2)) · U (24)] +

(1)

(1 − ϕ (0.05)) · [W (E1) · U (5)]} −
{ϕ (0.05) · [W (E2) · U (11) + (1 − W (E2)) · U (5)] +
(1 − ϕ (0.05)) · [W (E1) · U (6) + (1 − W (E1)) · U (1)]}
= ϕ (0.05) · Z 2 − (1 − ϕ (0.05)) · Z 1 −
ϕ (0.05) · (Z 1 + Z 2) − Z 1 ≥ 0,
where the last inequality follows from the assumption ϕ (0.05) ≥ l.
The derivation in (1) implies that V + (R) ≥ V + (L) , so that version R is preferred
to version L under VBT+ when ϕ (0.05) ≥ l.


Case 2: V (T 2 L ) < V T 1 L


First note that V (T 2 L ) < V T 1 L , specifically implies that
W (E1) · U (6) + (1 − W (E1)) · U (1) > W (E2) · U (11) + (1 − W (E2)) · U (5)
In this case,
(2)

V + (R) − V + (L)
= {ϕ (0.05) · [W (E2) · U (30) + (1 − W (E2)) · U (24)]
+ (1 − ϕ (0.05)) · [W (E1) · U (5)]}
− {ϕ (0.95) · [W (E1) · U (6) + (1 − W (E1)) · U (1)]
+ (1 − ϕ (0.95)) · [W (E2) · U (11) + (1 − W (E2)) · U (5)]}

But since ϕ (0.95) ≤ 1 − l and
W (E1) · U (6) + (1 − W (E1)) · U (1) ≥ W (E2) · U (11) + (1 − W (E2)) · U (5) ,
(3)

(3) {ϕ (0.95) · [W (E1) · U (6) + (1 − W (E1)) · U (1)]
+ (1 − ϕ (0.95)) · [W (E2) · U (11) + (1 − W (E2)) · U (5)]}
≤ {(1 − l) · [W (E1) · U (6) + (1 − W (E1)) · U (1)]
+ l · [W (E2) · U (11) + (1 − W (E2)) · U (5)]}

Similarly, since ϕ (0.05) ≥ l and W (E2)·U (30)+(1 − W (E2))·U (24) ≥ W (E1)·
U (5),
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(4) {ϕ (0.05) · [W (E2) · U (30) + (1 − W (E2)) · U (24)]
+ (1 − ϕ (0.05)) · [W (E1) · U (5)]}
≥ {l · [W (E2) · U (30) + (1 − W (E2)) · U (24)] + (1 − l) · [W (E1) · U (5)]}
It follows from (2) − (4) that
V + (R) − V + (L)
≥ {l · [W (E2) · U (30) + (1 − W (E2)) · U (24)]
+ (1 − l) · [W (E1) · U (5)]}
− {(1 − l) · [W (E1) · U (6) + (1 − W (E1)) · U (1)]
+ l · [W (E2) · U (11) + (1 − W (E2)) · U (5)]}
= l · Z 2 − (1 − l) · Z 1 = 0
It follows again that V + (R) ≥ V + (L).
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