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Choice Rever aalsacrossCertanty, Uncertanty and
Rik: The Equate-toD ifferentiate Interpretation
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(Center for Social & Econanic B ehavior, Institute of Psychology, Chinese Acadeny of Sciences Beijing 10010, China)

Abstract A generalized weak daminance goproach isused o test choice reversals across certainty, uncertainty and risk
In the case of paiwise choice where each altemative is generally better than the other on a single dimension, this goproach
modelsmuch human choice behavior as a process in which people seek o equate snaller difference betveen altemativeson
one dimension, thus leaving the greater one-dimensional difference to be differentiated as the deteminant of the final
choice The choice reversals are therefore sen as a consquence of the fact that what is seen as the greatest
one-dimensional difference on one trial isno longer seen as the greatest on another trial A "matching" task was designed o
exanine whether the knowledge of the value difference of the paired outcanes along each dimension will pemit prediction of
preferential choice The overall test-retest results for various choosing tasks favor the equate-to-differentiate explanation
The finding supports the claim that the repeated choices can be consistent not because the chosen alternative is awaysof the
greatest overall worth but because final choice is consistently based on a single fixed dimension on each trial
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1 Introduction

A widegread characteristic of human choice is
that peop le are not perfectly consistent in their choices
W hen faced with repeated choices among altemnatives,
peop le often reverse their choices It isdifficult to con-
ceive of a model which could provide a systamatic ac-
count of such inconsistencies or variability in choice
behavior ~Choice reversals are predicted as a
by-product of ggps in the choice rule by sme authors
(e g, Butlet'). To accommodate these reversals,
many theorists treat choice variability as " errors of
judgment” or " lgpses of attention" and essentially ig-
nore them. Some theorists hypothesize that choices
should be defined in a probabilistic fashion (For de-
tailed discussion about the probabilistic properties of
choice models see L uce & Suppes? ; Tversky®; and
Tverky & Ruso'* ). On each trial, participants state
their choice A stochastic choice of altemative i over
alternative j is then said o occurwhen P(i; i, j), the
proportion of time i is chosen over j, exceedsQ 5

A's an altemative gpproach to human decision
making, the equate-to-differentiate model '° ' is pro-
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repeated choices, choice reversals, weak dominance

posed as ameans by which the dominance rule can be
made gpplicable in more general cases The model is
based on the observation that human decison makers
are cognitively unable o perfom a multidimensional
integration W eak dominance states that if alternative
A isat least as good as alternative B on all attributes
and altemative A is definitely better than alternative B
on at least one attribute, then alternative A daminates
altemative B (cf Led™: wvon Winterfeldt & Ed-
wards™ ). The equate-to-differentiate model postu-
lates that, in order © utilize the very intuitive or cam-
pelling rule of weak daminance © reach a binary choice
beiwveen A and B inmore general cases, the final deci-
sion is based on detecting A daminating B if there
exists at least one j such that U, (x) - Ug; (x) > 0
having subjectively treated all Us; (%) - Ug; (x) < O
asU,; (x) - Ug; (x) = 0, or, detectingB dominating
A if there exists at least one j such that Ug; (X) - Ua;
(x) > 0 having subjectively treated all Ug; (%) - Ug;
(x) < 0asUg (x) - Uy (x) = 0, where x (j
1, ..., M) is the objective value of each altemative
on Dimension j (for an axiomatic analysis, e Li
'*1).  The principle of deciding which dimensional
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difference is o be equated and which is to be differen-
tiated is not the importance of the dimension (such as
lexicographic rule '**') but the intra-dimensional
difference The snaller differences of either insignifi-
cant dimension or important dimension will be equated
thus leaving the greater dimensional difference o be
differentiated as the deteiminant of the final choice
The goplication of the equate-to-differentiate rule
is straightfoward, allowing the choice reversal phe-
namenon © be acoounted for and o be predicted The
equate-to-differentiate viav would be that in situations
where there is variability in choice the altemative cho-
%£n on any one trial will be detemined by the per-
ceived greater dimensional difference on which the
choice isbased, and that there is variability in choice
because the deteminant dimensional difference chan-
ges In other words, it is not the evaluation of the o-
verall worth of the offered alternatives but the evalua-
tion of the greatest one- dimensional difference betveen
alternatives that is regarded as the cause which ismost
likely to be regonsble for a tendency to reverse
choice Thus choice variability can be iolated as loca-
ted in the change of deteminant dimension Such a
"one-dimensional difference” account has been ap-
ported by using a "maitching” tak t exanine whether
the knowledge of the value difference of the paired out-
cames along each dimension will pemit prediction of

[13 15]

choices in decision making under risk and in de-

cision making under uncertainty ' **'.
fit nicely with the equate-to-differentiate gop oach
Instead of accounting for choice reversals by as
aming that the utilities of the choice options are close
(e g, Leland"""), the present research is based on

the assmption that choice problen swhose deteminant

The=e findings

dimensional differences are snallerwould be most like-
ly o produce choice reversals (i e, P(i; i, j)=

0.5).
tics exist throughout decision making under certainty,

Theoretically, problenswith such characteris

decision making under rik and decision making under
uncertainty Evidence of siochastic choice of alterna-
tive can be obtained by using a test-retest fomat but,
on each test, matching infomation should pemit pre-
diction of the alternative chosen

The aim of this researchwas b sewhether the e-
quate-to-differentiate goproach could provide a possible

explanation and prediction for the observed choice re-
versals The folloving choices across certainty, uncer-
tainty and risk represent an attempt o carry out such a
test

2 Method

To accamplish this goal, three choice problens
across certainty, uncertainty and risk were constructed
D as o give riee o choice reversal data
2.1 RisklessChoice
2.1.1 Participants The present questionnaire
study was donewith college students Participantswere
40 undergraduate students enrolled in General Ps/chology
courses at HvaNanWamen'sCollege  Theywere unfa-
miliar with research on behavioral decison-making pri-
or b the study and participated as wolunteers
2 1 2 Materilsand Procedure The choice prob-
len (Choice 1) used isriklessone, a choice betveen
tvo university admissons One is superior in the uni-
versity offered while the other is superior in the
eciality offered The choice problam, coupled with a
"matching" tak where the outcomes of alternatives on
each dimension are paired, was given to the partici-
pants The choice and matching tasks are shown here
exactly as they were posed t participants

CHOICE 1 magine that, as a candidate for the
National Entrance Exanination, you smultaneously re-
ceived twvo admission notices after the examination, in
which the universities and ecialities o which you
were adnitted were as follovs, which of then would
you accept?

Adnission A: To a local ordinary university under
the juridiction of the Provincial Goverrment 2nd
favourite Peciality.

Adnmission B: To a local key university under the
juridiction of the Provincial Goverrment, 3rd favourite
Peciality

Please circle your choice: A B

M atching (Circle the one whose altematives are
most different)

C " local ordinary university" vs" local key uni-
versity"

D. " 2nd fawourite geciality" vs " 3rd favourite

Peciality”
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The choice and matching taskswere given wice o
the same student participants in bookletswith an inter-
val of 79 days When the completed questionnaires
were collected, the participantswere then debriefed
2 2 Choice under Uncertainty
2 21 Participants A fotal of 29 wlunteer under-
graduate students at the Deparment of Psychology at
Zhejiang University participated in this questionnaire
study:

2 2 2 Materials and Procedure
choice problen (Choice 2)
uncertainty It is a modified version of a choice prob-
len reported by Li *®'. In the original choice prob-
lem, the altemative chosen most often (71%) is the

The second
represents choice under

In order  make the choice more
even, the dure gain is reduced fram 25 in the original ©
15 in the preent one This is based on the considera-
tion that the judged difference betveen " a sure gain of

15" and " an unknown chance t gain nothing"
dould be snaller than that betveen " a sure gain of

25" and " an unknown chance o gain nothing",
thus leading to choosing uncertainty option (choosing

wre gain of 25 .

the option with the greater best possible outcome having
treated the worst possible outcames as ubjectively e-
qual). The choice and matching tasks read as follovs

CHOICE 2

Choice (Circle the altemative you would prefer ©
have)

A. A suregainof 15

B. An unknown chance © gain an unknowvn a-
mount of money more than 15 or o gain nothing

M atching (Circle the one whose altematives are
most different)

C "A areginof 15" vs"An unknown chance
 gain an unknowvn anount of money more than 15"

D. "A are gain of 15" vs" An unknowvn
chance © gain nothing"

The choice and matching taskswere given wice o
the same group of participants in bookletswith an inter-
val of 39 days
2 3 Choice under Rik
2 3 1 Participants The participantswere 27 vol-

unteerswho were senior executivesworking at the Bank
of China, Fujian B ranch
2 3 2 Materialsand Procedure The third choice
problem isone under rik In this choice (Choice 3) ,
individuals are presented with o ganbles, one featu-
ring a high probability of winning a modest am of
money, the other featuring a low probability of winning
a larger anount of money. A ccording b Kahneaman and
Tversky **' | most people will choose the gamble in
which winning ismore probable (0.80), that is Al-
ternative A. On the other hand, the equate-t-differen-
tiate model suggests that decreasing the value of the
payoffswill reault in a greater overall preference for A |-
temative B, the onewhich offers the larger prize but in
which winning is not probable (0.40). Therefore,
when the ganble probabilities meet progect theory’s
postulate but the ganble payoffs meet that of the e
quate-to-differentiate model, the offered alternatives
would be expected o be equally attractive Booklets
which contained the following choice and matching
taks, were adninistered o the participants wvice with
an interval of 63 days

CHOICE 3

Choice (Circle the alternative you would prefer
have)

A. You have a 80% chance of getting 30, but
a 20% chance of getting nothing

B. You have a 40% chance of getting
a 60% chance of getting nothing

M atching (Circle the one whose altematives are
most different)

C "80% bwin 30" vs"40% twin 60"

D. "20% twin nothing" vs"60% towin noth-

60, but

ing
3 Realts and Discussion

The overall satistical results are summarized in
Table 1 It can be sen that Choice 1 is constructed
that Admission A is better than Admnisson B on the
" peciality" dimension while Admission B is better
than Admisson A on the " university” dimension It is
reaoned by the equate-to-differentiate’s one-dimension-
al difference acoount that if the participant thinks that
one of the wo pairs is the "most equivalent’ according
to hisor her utilities, he or shewill choose the alterna-

* The reaults reported by L i*®1 were that most of the A ustralian participants (71%) awided the uncertain option Coupled with thiswas the fact that

most (90%) of thosewho preferred the sure gain chose the matched pairD, " a sure gain of

25" vs" an unknowvn chance t gain nothing" , as the

mogt different one An analysis reveals that matching significantly accounted for 42% (phi squared, p< Q 01) of the choice variance in this choice

problem
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tivewith the better outcome in the " most different”
pair That is, participantswho slected Admission A
(orB), tend to base their final choice on only the "
speciality" (or " university" ) dimension, having trear

ted the values on the " university" (or " eciality")
dimension as if theywere equal To express thisopera-
tionally, if C (D) iscircled most different thenB (A)

will then be chosen, and vice versa

Tablel Statistical data for the test-retest results

Na of choice problem N I r () (0} R?
1 40 79 023 -030° -0 34" 012"
2 29 39 025 -0 40° -0 40° 027"
3 27 63 0 32 -0477° -054"" 034"
Note N = number of participant used: | = test-retest interval in days r = test-retest correlation (a reliability coefficient) (fram Table 4) ; @, = phi

at the first test (from Table 2) ; @, = phi at the second test (from Table 3); R? = the proportion of variance in changing choice accounted by changing

matching (fram Table 5).

In the light of a representation systan (with the
best possible and the worst possible outcane dimen-
sions) © describe both Choices2 (as shown in Figure
1) and 3, Alternative A is seen as better than A lter-
native B on theworst possible outcome dimension while
Altemative B is seen as better than A Itemative A on
the best possible outcane dimension, asaming that
what people ultimately wanted in hand is an anount
win but not a chance of winning It is anticipated by
the equate-to-differentiate model that, in order o uti-
lizeweak daminance © reach a decision, people have
o " equate” snaller difference betveen options on ei-
ther the best possible or the worst possible outcome di-

difference o be differentiated as the deteminant of the
final choice That is if Altemative A is chosn, the
participant should choose the pair of o "worst possi-
ble outcames' (D) asmost different, thus leading
an " am t awid the worst" process On the other
hand, if Altemative B is chosen then the participant
should choose the pair of wo " best possible outcames'
(C) asmost different, thus leading to an " aim for the
best" process

The observed reaults of these equate-to-differenti-

ate predictions across all the three choice problans
fran the first and second trial are shown in Tables 2
Table 3 regpectively.

mension, thus leaving the greater one-dimensional
Table2 Choice and matching data fran thefirst trial n Choices1 3
CHOICE 1 CHOICE 2 CHOICE 3
Choice Choice Choice
A B A B A B
c 6 (14) 2 (13) 3 (8)
M atching
D (12) 8 (7) 7 (12) 4
Note The data in brackets are numbers of repondentswho chose according o the equate-to-differentiate model
Table3 Choice and matching data fran the second trial n Choices1 3
CHOICE 1 CHOICE 2 CHOCE 3
Choice Choice Choice
A B A B A B
c 5 (17) 1 (12) 3 (8)
M atching
D (10) 8 (7 9 (13) 3

Note The data in brackets are numbersof repondentswho chose according o the equate-to-differentiate model

This resultwas replicated with 32 student participants fran the School of Psychology at the University of Nev SouthWales ( @= - 0 41, p< 0 02).
Altemative A in Choice 2, the sure thing option, can itself be seen as either the best possible outcame (when canpared with the best possible outcame
of the uncertain option) or theworst possible outcame (when compared with theworst possible outcame of the uncertain option). Such a representation

and hence amanipulation of risky preference involving a sure thing option is enpirically tested inLi's study (e g , Li

[5. 15, 19, 201 )
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Choice 2
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Worst Possible Outcome in Logarithmic Scale

Fig 1 The representation of Choice 2 by gpplying
a logaritmic utility function

An analysis of the contingency tables reveals that
the relevant @ (phi) coefficients relating choice and
matching for both the first and second tests were
significant, falling betveen 0.30 and 0.54, with a
mean of 0.41 In particular, there is a pretty large
effect (eta squared) of the "matching" of paired out-
cames on choice, that is matching s€ignificantly
accounted for 9.0%, 16.0% and 22.1% of the
choice variance in Choice 1, Choice 2 and Choice 3
fram the firgt trial and 11. 6%, 16.0% and 29. 2% of
the choice variance in Choice 1, Choice 2 and Choice
3 fran the second trial regectively The present
equate-to-differentiate model does not assume that the

individual is able to perfom a utility-integration calcu-
lation, and instead holds thatwhen daminance does not
exist, the choice then has to be made according to sub-
jective daminance detecting rather than any kind of o-
verall maximizing The explanatory mechanisn provid-
ed by the equate-to-differentiate model is a coherent
one across the three decision domains Taken together,
know ledge of paired "most different" outcames chosen
by participants doespemit a satifactory explanation or
prediction of the observed choice preferences Such a
finding, together with those obtained in other decision

problem és,g, 13 15]

, adds b evidence pointing to funda-
mental lmitations in people’s cgpacity o process infor-
mation

On the other hand, the 3 choice problems test-re-
test reliabilities fell beiveen 0 23 and O 32 in an
average 60-day interval (see Table 4). None of them
is significant A number of participants’ choices
(37.5% in Choice 1, 31% in Choice 2 and 33% in
Choice 3) changed after the test-retest interval ( see
Table 4).
present prediction that stochastic choice of alternative
can be obtained by using a test-retest fomat and that
choice is not deteministic but probabilistic The in-

The generally low reliability confims the

consistencies observed will pose greater challenges for
conventional choice models © cope effectively with
these difficulties

Table4 A contngency table for the test-retest data to indicate choice consistency n Choices1l 3

CHOICE 1 CHOICE 2 CHOICE 3
Trial 1 Trial 1 Trial 1
A B A B A B
A (9) 6 (4) 4 (11) 5
Trial 2
B 9 (16) 5 (16) 4 (7)

Note The data in brackets are the numbers of reppondentswho made consistent choices across the first and second trials

The most relevant finding ( see Table 5) is that
the change of choice can be accounted for by the
change of matching The effect size (proportion of var
riance accounted for) is 0.12, 0.27 and 0.34 in
Choice 1, Choice 2 and Choice 3 and is significant for
all the three damainsof choices Thus, the reqults aup-
port the notion that participants do not adopt different
decision rules in their repeated choices It ssans that
the resulting inconsistent regponses in all three domains

of choice can be reanably accounted for by the e-
guate-to-differentiate rule in a consistent way. It is
therefore expected that choice reversals in repeated
measurement and other perplexing paradoxical patterns
of behavior should be observed in fact when people’ s
equate-to-differentiate strategy (decidingwhich dimen-
sional difference is b be equated and which is to be
differentiated) is caused  change



432

37

Table5 A contingency table for the test-retest data to ndicate choice consistency and matching consistency n Choices1 3

CHOICE 1 CHO ICE 2 CHOICE 3
Choice Choice Choice
\Y U \ U \ U
\Y (8) (6) 3 (8)
M atching
U 7 (20) 3 (17) 1 (13)

Note V = regppondentswhose choicesor matching were varied across the first and second trials U = regondentswhose choices or matching were unvar

ried across the first and second trials The data in brackets are the numbers of regpondentswhose choice strategy co-varied with their matching strategy.

4 Concluding Remarks

In am, existing psychological models are suc-
cessul only when considering crude measures of fit,
such as the overall percentage of correct predictions or
explanations based on randamly chosen stimuli  They
fail b describe o very basic facts about human deci-
sionmaking behavior—the variability and the temporal
evolution of preferences Even when reaults are highly
significant, previous theories predict only modal re-
Ponses, with no systamatic accounting for minority re-
onses

The present expermental reaults are of interest
because they account for temporal features of the
deliberation process and suggest that observed choices
aswell as choice reversals are systamatic, consistent,
and predictable, and that this is o without resort o an
ad hoc assumption that the probability of choosing one
alternative over another is an increasing function of the
overall utility of the alternative If there is b be a
model that can acocount for the large individual
differences and for minority reponses then the equate-
to-differentiate model is a plausible candidate

The present study wuffers from sme Imitations
First, the test-retest interval across certainty, uncer-
tainty and risk was varied fran 39 to 79 days, which
might cause sme difficulty in comparing the variability
of choices Second, only one choice problen was de-
signed and tested for each of these three damains It
gopears that a further study evaluating various choice
problens in each decision domain might be worth-
while These featuresof the present study arouse sme
concems regarding the external validity of the findings
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