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1. Itis well known that the general continuous solution of Cauchy’s functional
equation
(1) flx+y) = fx)+/(y)
. [3) or [1])
(2) f(x)=ex,

is (see e,

with an arbitrary constant ¢. As DARBOUX has proved ([4]). this (with nonnegative
¢’s) is also the most general solution of (1) which is nonnegative for positive x’s
(it is even enough to suppose the nonnegativity for small positive x’s). But without
any regularity-suppositions (2) isn’t anymore the most general solution of (1),
this can be shown and at the same time the most general solution of (1) can be
constructed with the Hamel-basis of real numbers ([7]).

In all these results (1) was supposed valid for all real x.y and then also (2) is
verified for all real x’s moreover, the Hamel-basis also gives a representation of
all real numbers. But for many applications (see e. g. [1]). (1) can be supposed
valid only for nonnegarive x. y. Itis easy to show that (2) (with nonnegative x) remains
the most general continuous solution of (1) also with this restriction and with non-
negative v, ¢ also the most general solution nonnegative for (small) positive variables.
— But how to construct in this case the most general solution of (1) for nonnegative
X, ¥? Are there Hamel-bases of the nonnegative numbers?

In this little note we answer the second question in the negative and construct
nevertheless the general solution asked for in the first one.
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2. We first recall the above-mentioned results of Cauchy, Darboux and Hamel
with short proofs: (1) implies by induction

3) f0xy X5+ e 4 X,) = f00) +1(62) + o +1(,)

and with x, =x,

4) f(nx) = nf(x).
m

If now x= = 1 (m=0, n=0)then by (4)

nf(x) = f(nx) = f(me) = mf(r) i e. /‘IZ':], ':m)
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FROM UTILITY
Jénos Aczél, R. Duncan Luce, and A. A. J. Marley
Abstract

Suppose that two classes of utility representations of preferences, one additive and one increasing in-
crements, hold simultaneously over uncertain binary alternatives (gambles). This assumption leads to the
functional equation

Sz = y) +9] = flh(@)] - Fb@] +5W) (x>z2y20),

and to the inequality h(z) < z (2 € [0, [), where the functions f and h are strictly increasing maps of the
real interval [0, [ onto the real intervals [0, A{ and [0, u, Ay, kAo €10, 00]. We ¢ all sol
under the additional assumption of (first-order) differentiability.
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Consider  preference order % over the class of binary gambles of the form (7, C;,C) where 7,7 are
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where Le, Lz : [0,\{~ [0, [ are strictly increasing functions with 0 a fixed point of each. If we assume
that gambles are idempotent in the sense that for every § and every C, (§, C;5,C) ~ f, then we see that
LelU@) = U@ — Le[U(@)] and so (1) becomes
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The “Horse Race” Random Utility Model for
Choice Probabilities and Reaction Times,
and Its Competing Risks Interpretation
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Random utlity models have traditionally been applied to probabilistic choice data, with
litle attention to reaction times. We describe the class of “horse race” random utility models
that can be applicd to both choice probabilties and reaction times. We show that any (well
behaved) set of choice probabilties and reaction times on a fixed set can be represented by
an independent “horse race” random utility model, and relate this result to work in the theory
of competing risks. We use the latter theory to motivate the condition that the option chosen
and the time of choice be independent, a condition that s satisfied by a large class of (extreme
value) “horse race” random wtilty models. Combining the latter condition with the assump-
tion of an independent *horse race” random uiility model yields a new characterization of
Luce's choice model, and a generalization of these conditions to subset choices (as of

to choosing a single “best” clement) yields the transition probabilites of Tversky's elimina-
tion-by-aspects model.  © 1992 Academic Pres .

1. INTRODUCTION
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Random uility models hold an important position in theoretical, experimental,
and applied work in the areas of preference, ranking and choice (Colonius, 1984,
provides a recent extensive summary of much of the theoretical work, and Ben-
Akiva and Lerman, 1985, and Train, 1986, give detailed discussions of statistical
properties and applications). These models are normally applied to situations where
a person has to select a single “best” option from an available set, but (see later)
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Intersensory facilitation in the motor component?
A reaction time analysis
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‘Summary. In the bimodal detection task the observer must
respond as soon as a signal is presented in cither of two
modalities (c.g., a tone or a flash). A typical finding is a
facilitation of reaction time for redundant signal trials,
that is, when both signals are presented simultaneously or
With a'short delay. Models advanced for this effect imply
cither suaristical fucilitation (separate activation) or inter-
sensory facilitation (coactivation). This paper reports a
study investigating whether part of the facilitation can be
accounted for by coactivation in the motor component. An
analysis of he distributions of reaction time differences
between left and right hand responses from a double re-
sponse paradigm gave some evidence in favor of this hy-
pothesis. In particular, our data suggest a u-shap

tional dependence of the amount of faciltation in the mo-
tor component on the interstimulus interval.

In the bimodal detection task considered in this paper the
observer must respond 10 4 signal presented well above
threshold in cither of two modalities, that is,
tone. On single signal trials only one signal is present,
while on redundant signal trials both signals are presented
simultaneously or with a brief delay. Since the pionecring
work of Todd (1912) it has been generally found that first,
 medium intensity levels, reaction time (RT) to auditory
stimuli is faster than RT (o visual stimuli; second, RT in
the redundant signal situation i faciltated when both sig-
nals are presented simultaneously; morcover, RT t0 4 visu-
al stimulus followed by an auditory stimulus d ms later (4
<100 ms) is shorter than RT to the auditory stimulus
alone plus the delay between the two stimuli
“This evidence has been taken 10 rule out the hypothesis
that the subject simply responds to the (often faster) audi-
tory stimulus channel. Rather, there seems to exist some.
interaction among the sensory modalites leading to a fas-
term “intersensory facilitation” has been used
o describe such results. Two types of models have been
advanced to account for intersensory facilitation: (a) those.
postulating the summation of stimulus energy across sen-
Sory modalities (energy summation’) and (b) those that
conceive of the auditory stimulus as an alerting cue (pre-
paration enhancement). There has been considerable de-
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bate over these alternative views, for an excellent review
see Nickerson (1973)

Moreover, the issue was whether or not faster RTs in
edundant signal situations should be interpreted as ‘truc”
intersensory facilitation effects at all. Raab (1962) demon:
strated that because of the variabiliies in processing times

ould be a kind of staristical faciltation with the subect re-
sponding to whichever of the two stimulus modalities oc-
curred in a particular trial firs. Predictions of this ‘race’
model are based on the fact (irue for arbitrary random
variables) that the mean of the minimum of two processing
times is always smaller o equal (o the minimum of the
means of either single processing time. Millr (1952) pro-
posed a simple distribution inequality (see below) which, if
Violated, purports o rule out any explanation of the
cilitation effect based solely on  race mechanism. More-
over, recent investigations by Gielen, Schmidt and van
den Heuvel (1983) suggest that, while such a mechanism
may in fact be operating in the redundant signal situation,
some portion of the decrease in RT cannot be accounted
for by statistical facilitation. For a discussion of the as-
sumptions underlying the race model see Colonius (1986).

Within the class of models for intersensory
the question of the locus of the facilitating mechani
been the focus of much interest recently. We ha
tention to review th rguments here. Suffice it to
say that the energy summation view places the locus of n-
tersensory facilitation in carly stages, those dealing with
sensory information processing. On the other hand, the
preparation enhancement view has at least part of the faci-
litation effect in later stages of processing, such as re-
sponse selection or response programming. Schmidt, Gie-
len, and van den Heuvel (1984), using Sternberg’s (1969)
additive-factors logic, found data arguing for a rather
broad role of the stimulus as an alerting cue in a number
of late stages of processing, in particular those of response
programming, which they interpreted as evidence for the
preparation enhancement view. However, it seems fair (o
say that the issue is far from being settled.

“The practice of combining the evidence from various
experimental results is marred by the fact that investiga-
tions often differ in their experimental setup. For example,
data from an experiment with catch trials ~ where the au-
ditory stimulus is occasionally presented alone, and the
subject must nof respond if it is ~ are not directly compar-
able 10 those from an experiment without catch trials since
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