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Signal Detection Theory:
Fundamental Misrepresentations of Human

Performance

Jerry D. Balakrishnan

Department of Psychological Sciences
Purdue University

West Lafayette, IN 47907, USA
jdb@psych.purdue.edu

Signal detection theory statistics (e.g., d0 and �) are often
used to confirm or disconfirm hypotheses about the ef-
fects of experimental variables on ,sensitivity‘ while con-
trolling for effects of ,response bias‘. This attempt to add
rigor to an hypothesis test is legitimate only under some
assumptions (e. g. normality of the encoding distribu-
tions). However, many researchers have been taught to
believe that these assumptions are either valid or harm-
less. Recently, I developed some new empirical tests of
the signal detection theory model that do not depend on
any distributional assumptions (Balakrishnan, 1998a; Bal-
akrishnan, 1998b; Balakrishnan, in press). The results of
these tests consistently violated the fundamental predic-
tions of signal detection theory about the effects of bias on
the placement of the decision criterion and the indepen-
dence of encoding distributions and bias. In this paper, I
review these findings and discuss their implications for
human performance assessment. I then discuss the ,ro-
bustness‘ of the new tests to potential modifications of
signal detection theory that might be proposed to explain
these empirical results without dropping the concept of
a variable detection criterion. Criterial noise, averaging
of data across subjects and/or sessions, and sequential
effects cannot account for the violations of the model’s
predictions. Finally, I propose some new measures and
hypothesis testing rules that can replace the signal detec-
tion theory indices.

Balakrishnan, J. D. (1998a).Some more sensitive measures
of sensitivity and response bias. Psychological Meth-
ods, 3, 68–90.

Balakrishnan, J. D. (1998b). Measures and interpretations
of vigilance performance: Evidence against the detec-
tion criterion. Human Factors, 40, 601–623.

Balakrishnan, J. D. (in press). Decision processes in dis-
crimination: Fundamental misrepresentations of sig-
nal detection theory. Journal of Experimental Psychol-
ogy: Human Perception and Performance.

On the Apparent Failure of the Strategy of Model
Competition to

Achieve “Final Theory” in Cognitive Psychology

William Batchelder

Institute for Mathematical Behavioral Sciences
University of California at Irvine

whbatche@aris.ss.uci.edu

This paper briefly reviews the evolution of mathematical
models in the more cognitive areas of memory, classifi-
cation, choice response time etc. That is to say, areas of
cognition that try to model categorical responses and/or
choice response times, possibly with confidence judg-
ments as well, but with no ties to the natural sciences
like biology or physics. In particular, I will argue that the
efforts to achieve “final theory” in the cognitive areas by
following a process of competition among models have
not worked. The reason it has not worked is that, at least
without principled restrictions, there are too many ways
to fit data, not too few. Participating in model competi-
tion involving data fitting and model falsification can be
interesting and can require great skill, but it has not gen-
erated many, if any long term successes. I will illustrate
the point by starting with the simple Bradley-Terry-Luce
model of paired comparisons, justify a series of statistical
and modeling moves to turn it into a theory for choice
response time, and use it to “fit” most of the known prop-
erties of choice reaction time. I will conclude with what
I think does emerge constructively from the evolution of
cognitive theory by model competition.
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Heuristic of Relevant Features and Perception of
Randomness

Francois Bavaud

IMM/Lettres (+ Psychology)
University of Lausanne (+ Geneva)

BFSH2, 1015 Lausanne, Switzerland
Francois.Bavaud@imaa.unil.ch

Experimentation during the last few decades has repeat-
edly underlined the presence of a consistent gap between
man and machine (fed by classical probabilistic and sta-
tistical principles) in tasks of recognition and generation
of random stimuli.

We develop an heuristic of relevant features aimed at
explaining some salient aspects of this man/machine dis-
crepancy. It proposes in essence that the perceptual prob-
ability p(x) of stimulus x, as inferred by a human subject,
can be estimated from the corresponding mathematical
probability P (x) as

p(x) =
X
x2[x]

P (x)

where [x] denotes the equivalence class of all stimuli z
exhibiting exactly the same relevant features fCg as x
does. Equivalently, two stimuli possibly differing by de-
tails but identical with respect to their relevant features
correspond to the same percept in first approximation.
For instance, stimuli x1 = 110101 and x2 = 111111 have
the same mathematical (supposedly uniform) probability
P (x1) = P (x2) = 2 � 6 = 0:016, but different perceptual
probabilities p(x1) = 62=64 = 0:97 and p(x2) = 2=64 =
0:03 when assumming C = “constancy /non-constancy”
to be the unique relevant feature.

In the statistical-like description of information pro-
cessing (such as exemplified by signal detection theory,
but applied here to discrete rather than continuous sig-
nal), the way man extracts percepts [x] (models) from
stimuli x (data) betrays the presence of post hoc testing
and multiple comparisons in perceptual decisions. Finite
range effects open up the possibility of simulating se-
quences percieved as random by penalizing the appari-
tion of patterned words.

Models of Visual Attention: A Selective Review

Claus Bundesen

University of Copenhagen
Njalsgade 90, DK-2300 Copenhagen S, Denmark

bundesen@axp.psl.ku.dk

A selective review of formal models of visual attention
is presented. The first part of the review describes the
development of serial processing models from the sim-
ple serial scanning models proposed by Sperling, Estes,
and others in the 1960s to selective serial models such as
Guided Search (Wolfe, 1994). The next part reviews the
development of parallel processing models from the in-
dependent channels models proposed by Eriksen in the
1960’s to limited-capacity models and race-based mod-
els of selection. The last part focuses on my attempt to
develop a unified theory of visual recognition and atten-
tional selection (TVA; Bundesen, 1990, 1998).

Bundesen, C. (1990). A theory of visual attention. Psycho-
logical Review, 97, 523–547.

Bundesen, C. (1998). A computational theory of visual
attention. Philosophical Transactions of the Royal So-
ciety of London, Series B, 353, 1271–1281.

Wolfe, J. M. (1994). Guided search 2.0: A revised model
of visual search. Psychonomic Bulletin & Review, 1,
202–238.
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Switching Attention:
Diffusion Models of Response Time and Choice

Probability for
Multiattribute Stimuli

Adele Diederich

Carl von Ossietzky Universität
Institut für Kognitionsforschung, FB 5 – Psychologie – A6

D–26111 Oldenburg
diederich@psychologie.uni-oldenburg.de

Sequential sampling models are an attractive approach
for modeling information processing in various psycho-
logical tasks. They have been applied to account for re-
sponse times and choice probabilities. The approach pre-
sented here assumes that for multiattribute stimuli a dif-
ferent information accumulation process, described as a
diffusion process, takes place for each attribute or dimen-
sion of the stimulus. Moreover, it is assumed that atten-
tion switches from one dimension to the next within the
time course of processing. The question is how these sin-
gle processes are combined to form one information ac-
cumulation process. Two types of models are proposed
to answer this question: The first one assumes temporal
additivity across attributes and the second assumes prob-
abilities of switching among attributes. The models pre-
dict first passage time probabilities, related to observed
relative frequencies and first passage times, related to ob-
served mean response times. Here, the distributions of
the first passage time are emphasized and it is shown
that the models can be distinguished on the level of dis-
tributions but not on the level of means. Moreover, it is
shown that the models not only predict faster answers to
correct responses than to errors but also that they predict
faster reponses to errors than to correct answers simply
by reversing the order of attended dimensions.

The Nonparametric Procedure for Comparison of
Psychometric Functions

Victor E. Doubrovski & Olga V. Lovi

Department of Psychology
Moscow State University

Mokhovaya Str. 8, Bd. 5, 103009 Moscow, Russia
vdubr@vd.ps.msu.su

Application of the Method of Constant Stimuli (MCS) in
psychophysical investigations implies subjects’ responses
to be statistically independent and stable. Actually a sub-
ject’s decision making strategy changes during the course
of experiment, and his or her responses may depend
statistically on each other. Then the statistical estimates
calculated as the average of measured values would be
not correct. Nevertheless, special statistical procedures
intended for testing MCS data reliability are usually not
employed, and measurement errors are most often ig-
nored. A nonparametric procedure is suggested to test
whether results obtained in different experimental ses-
sions (or under varied conditions) are statistically the
same. The null hypothesis is that the probabilities of a
subject’s ,Yes‘ responses are equal in all experiments for
given stimulus magnitude, for which data may be pre-
sented as a contingency table. The decision is based on
the value of chi-square statistic for a set of these tables.
The additivity property of the chi-square distribution is
used to compare data of MCS experiments as a whole.
Thus, the overall measure of discrepancy for all tables
simultaneously is the sum of the respective measures of
each table. However this test cannot be applied to exper-
imental data immediately: chi-square statistic is suitable
only on specified conditions. So in some cases results of
measurements for adjacent stimuli should be combined,
pooling the data to form a single table for a set of stim-
uli close in magnitude. Unfortunately there is no general
solution with regard to what grouping rule is optimum,
but the pooling categories may significantly affect the
inference and its interpretation. So, an algorithm was de-
signed to assess influence of grouping on the estimate.
We illustrate this approach by analyzing results of a large
set of MCS experiments on discrimination of the lines
lengths. The technique was used to test two hypotheses:
Test 1: Whether results of a set of experiments, conducted
independently of each other may be considered as statis-
tically equivalent. Test 2: Whether the subject’s response
depends statistically on his preceding decisions. To do
this all set of experimental data should be split into two
subsets depending of the subject’s preceding response.
Then these subsets can be compared as different ,exper-
iments‘. In general, the method of splitting a data set
could be employed to verify a variety of hypothesis about
subject’s strategies. Exploratory analysis of primary data
using a developed algorithm has revealed some peculiari-
ties that are usually not detected by an ordinary statistical
data processing, but may have effect on final results. As
it would be expected, at least one of assumptions men-
tioned above is not supported for considerable part of
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untrained subjects. They often use a strategy of orienta-
tion to preceding response, but a few of them apply this
strategy regularly.

Systems for Adaptive, Computerbased Learning

Cornelia E. Dowling

Technische Universität Braunschweig
Institut für Psychologie

cornelia@msced.psych.nat.tu-bs.de

Systems for adaptive computerbased learning in the field
of School-Mathematics are now on the market or available
for research purposes. Such systems consist of several
components, as, for example,

� the adaptive assessment component,

� the component for selecting problems and exercises
adaptively,

� the component for querying experts on the structure
of the knowledge considered,

� the component for integrating judgments of different
experts, and

� the component for validating knowledge structures.

This paper discusses the theoretical foundations for these
components, their implementation, their state of devel-
opment, and ideas for further improvements.

Visual Space

Jan Drösler

Institut für Psychologie
Universität Regensburg

Universitätsstraße 31, 93053 Regensburg, Deutschland
Jan.Drosler@Psychologie.Uni-Regensburg.de

Sensory spaces are vector space representations of judg-
ments given by subjects in perceptual experiments. Vi-
sual spaces are representations which pertain to spatial
judgments as might occur in the study of orientation
in three-dimensional physical space. A representation of
these judgments by an analytical geometry provides an
theoretical structure, in which the mapping can be in-
terpreted as motion. Motions are automorphisms the in-
variances of which manifest themselves as properties of
form, e. g. as a metric. In mathematics the transition from
a synthetic geometry of points, lines etc. to an analytical
geometry pertaining to tuples of numbers is achieved by
coordinatization. The resulting numerical representation
is based on qualitative restrictions which are imposed
by compasses and ruler in synthetic geometry. A psycho-
logical representation, correspondingly bases the analytic
geometry on spatial judgments of subjects in the visual
laboratory. The paper will report different proposed solu-
tions of this problem for binocular and monocular space
perception as well as color perception.

Empirical Evaluation of Axioms Fundamental to
Stevens’ Ratio-Scaling Approach

Wolfgang Ellermeier & Günther Faulhammer

Institut für Psychologie
Universität Regensburg

93040 Regensburg
Deutschland

wolfgang.ellermeier@psychologie.uni-regensburg.de

Stevens’ direct scaling methods rest on the assumption
that subjects are capable of reporting or producing ra-
tios of sensation magnitudes. Only recently, however, an
axiomatization proposed by Narens [J. Math. Psych., 40,
109-129 (1996)] specified necessary conditions for this as-
sumption that may be put to an empirical test. In the
present investigation, the central axioms of commutativ-
ity and multiplicativity were evaluated by having sub-
jects produce loudness ratios. It turned out that the ad-
justments were consistent with the commutativity condi-
tion; multiplicativity (the fact that consecutive doubling
and tripling of loudness should be equivalent to making
the starting intensity six times as loud), however, was
violated in a significant number of cases. According to
Narens’ axiomatization, this outcome implies that though
in principle, a ratio scale of loudness exists, the numbers
used by subjects in order to describe sensation ratios may
not be taken at face value.
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Media Theory

Jean-Claude Falmagne

Department of Cognitive Sciences
University of California Irvine
CA 92697-5100 Irvine, USA

jcf@aris.ss.uci.edu

Many situations where individual preferences change
over time can be analyzed from the standpoint of a partic-
ular semigroup of transformations on a finite set of states.
We require this semigroup to be transitive: any state can
be transformed into any other state. Other axioms en-
sure the consistency of the transformations producing a
state. The resulting semigroup is called a ,medium‘. Ap-
plications of media theory are many and diverse, ranging
from convex analysis to combinatorics and political sci-
ences. For example, the family of all strict partial orders
on a finite set, equipped with the set of transformations
consisting in adding (or removing) an ordered pair to
(or from) a partial order to form another partial order is
an instance of a medium. We introduce the concepts of
,orientation‘ and of ,closure‘ for a medium and derive
some consequences. An application of media theory to
the analysis of opinion polls data is briefly discussed.

Mathematical Psychology and Psychophysics

Jean-Claude Falmagne

Department of Cognitive Sciences
University of California at Irvine

CA 92697-5100 Irvine, USA
jcf@aris.ss.uci.edu

The impact of mathematical psychology on the the-
ory and practice of psychophysics was via three top-
ics: measurement theory, stochastic processes, and func-
tional equations. The talk will briefly review the role
of each, with a special emphasis on the latter. Some re-
cent functional equation results concerning the so-called
Fechner-Thurstone and Gain Control representations, in
the framework of a near-miss-to-Weber’s Law equation,
will be described.

Simulation and Empirical Studies of Forced-Choice
Staircases with

Fixed Step Sizes

Miguel A. Garcia-Perez

Departamento de Metodologia
Universidad Complutense

Campus de Somosaguas, 28223 Madrid, Spain
miguel@psi.ucm.es

Adaptive staircases are widely used in psychophysical
research. To obtain a threshold estimate for some given
stimulus, the conventional practice is to interweave a
number of identical staircases each of which provides
an estimate of the target percent point under the psy-
chometric function; all of these individual estimates are
then averaged to obtain a final threshold estimate. To
reduce experimental cost, each of the interwoven stair-
cases runs for very few trials (or reversals). This work as-
sessed the comparative efficacy of an alternative practice,
namely, running a single staircase for an equivalent num-
ber of reversals. A simulation study was conducted which
showed that the distribution of the average of estimates
from three interwoven, 14-reversal staircases has virtu-
ally the same mean as that of the single estimate obtained
from a 42-reversal staircase, but the latter distribution is
somewhat narrower. In addition, the three-staircase pro-
cedure always required a substantially larger number of
trials than the single-staircase approach. Overall, these
simulations (which yielded the same results for the 1-
down/1-up (1/1), 2/1, 3/1 and 4/1 rules) indicate that a
single, long staircase provides equally unbiased but more
consistent estimates than the conventional multi-staircase
approach, also incurring fewer trials and, thus, reducing
experimental cost. An empirical study using actual hu-
man subjects in a detection task yielded results analogous
to those obtained in the simulations.
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Temporal Dynamics of Adaptation in
Color Appearance and Discrimination

Karl R. Gegenfurtner

Max Planck Institut für Biologische Kybernetik
Spemannstr. 38, 72076 Tübingen, Germany

karl@kyb.tuebingen.mpg.de

Adaptation to a steady background has a profound effect
on both color appearance and discriminability. The goal of
these experiments was to determine the temporal charac-
teristics of adaptation for appearance and discrimination,
and for changes along different color directions.

Subjects were adapted to a large uniform background
made up of a CRT screen and a 60� 60� wall illuminated
by computer controlled lamps. After an instant change
in background color along the red-green or blue-yellow
cardinal color axes, we measured thresholds for the detec-
tion of increments or decrements along the same axes at
fixed times between 16 ms und 120 s. Analogously, color
appearance was determined using achromatic matching.

A slow exponential time course of adaptation was ob-
served with a half-life of 20–30 seconds that was com-
mon to appearance and discrimination. Also, a 50–100
ms component could be indentified, which was probably
due to photoreceptor adaptation. There was an extremly
fast mechanism with a half life faster than 10 ms, but
only for color appearance. There were no differences for
adaptational changes along the different color axes.

It can be concluded that the fast adaptation mechanism
for color appearance is of higher order and situated after
the mechanisms mediating slower adaptational changes
in color discrimination and appearance.

On the Illumination-Invariance of Plateau’s Midgrey

Jürgen Heller

Institut für Psychologie
Universität Regensburg

Universitätsstraße 31, 93040 Regensburg, Germany
juergen.heller@psychologie.uni-regensburg.de

In 1872, M.J. Plateau provided each of eight artists with
a white and a black disk and instructed them to return
to their respective studios and paint a grey disk in ap-
pearance midway between the two. Although the illumi-
nation conditions may have differed substantially across
the studios, the resulting disks were virtually identical.
Surprisingly, this remarkable result plays no significant
role in current research on the perception of achromatic
colors. Experimental as well as theoretical work nearly
exclusively relies on cross-context indifference, but does
not make use of a midgrey operation. On the other hand,
J.-C. Falmagne has developed a formalization in which
the invariance reported by Plateau leads to a specifi-
cation of the form of the psychophysical function. The
theory, however, is based on an assumption which may
be valid in complex scenes, but usually is contradicted
by experimental data. It is shown that Falmagne’s ap-
proach can be generalized to apply to standard exper-
imental situations. Within the presented formal frame-
work, the impact of illumination-invariance on the pos-
sible form of the psychophysical function can be deter-
mined via functional equation techniques. In an experi-
mental study, using decremental stimuli in simple center-
surround configurations, the illumination-invariance of
the midgrey operation turns out to hold for 5 out of
12 subjects. To account for the observed deviations we
suggest a more general condition, called near-miss-to-
illlumination-invariance, which receives support from re-
analysing the data of a classical experiment.

Probabilistic Assessment of Knowledge

Cord Hockemeyer

Institut für Psychologie
Karl-Franzens-Universität Graz

Universitätsplatz 2/III, A-8010 Graz, Austria
Cord.Hockemeyer@kfunigraz.ac.at

Various procedures for the consideration of noise (e.g.
careless errors or lucky guesses) in the assessment of
knowledge within knowledge space theory have been
suggested. These procedures can be divided into two ba-
sic classes, discrete procedures which try to cover noise
by correcting a previously made (preliminary) assessment
error, and continuous procedures which estimate certain
parameters of the probability distribution of knowledge
states. In a simulation study, the different procedures are
compared. Special attention is given to the robustness
against noise.
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How to Produce Fast Absent-Responses in Visual
Search

Ronald Hübner & Peter Malinowski

Fachgruppe Psychologie
Universität Konstanz

Fach D29, D-78457 Konstanz, Germany
Ronald.Huebner@uni-konstanz.de

In visual-search experiments, participants have to decide
whether a target item is present among distractors or not.
Usually, target-present responses are faster than target-
absent responses. However, when the distractors were ho-
mogenous and regularly arranged, then there was often
an absent-advantage, i. e. absent-responses were faster.
Up to now it is open what exactly determines this effect.
It has been speculated that an absent-advantage occurs
when the distractors can be grouped and rejected as a
whole. However, also decisional processes might play a
role. To test these and other hypotheses, we conducted
a series of experiments. It turned out that several factors
are necessary for an absent-advantage to occur. Absent-
responses were faster than present-responses only when
(1) the distractors were homogeneous, (2) the distrac-
tors were arranged as a regular pattern, (3) regular pat-
terns were mixed with irregular ones across trials, and (4)
the distractors were familiar. These results suggest that
the absent-advantage is not due to perceptual processes
alone, but depends also on decisional processes.

The Regensburg Mathematical Psychology Group

Hans Irtel

Faculty of Social Sciences
University of Mannheim

Schloß, EO 265, D-68131 Mannheim, Germany
irtel@psychologie.uni-mannheim.de

Visual Space under Non-Egocentric Localization

Tarow Indow

Department of Cognitive Sciences
University of California Irvine
CA 92697-5100 Irvine, USA

tindow@uci.edu

Traditionally, experiments related to the Luneburg’s
model have been performed with a configuration of stim-
ulus points presented in a frameless space where the lo-
calization is totally ego-centric (Indow, 1991). It is because
that all the assumptions in the model are not expected to
hold under more natural condition. The basic assump-
tions are reduced to following two. In most experiments,
the two have been treated as inseparable. A) Visual space
(V S) is a hyperbolic space with a constant curvature K
(< 0). B) The correspondence between V S and the physi-
cal space (X) is of a simple and rigid form. Evidently, the
form of correspondence between V S and X is suscepti-
ble to change of condition in X . Hence, it is desirable to
take a direct approach to the assumption A, keeping it
strictly separate from the assumption B. Zimmer (1998)
designed such an experiment with light points presented
in the dark and showed that a most fundamental postu-
late for a space to be geometrical, betweenness, is clearly
violated in some subjects. Because V S is the final product
of a self-organizing process due to a given stimulus con-
figuration, V S is dynamic and highly context-dependent.
It is especially so in a frameless space. The difference be-
tween piecemeal tests of individual axioms and direct ap-
proaches to V S as a united entity will be discussed. A real
world scene we see is a product of multiple glances of a
complex stimulus configuration. Nevertheless, it is highly
stable in a given context. Without referring to the assump-
tion B, I discussed its geometrical structure at the EMPG
meeting in Padoa (Indow, 1996). A perceived scene is a 3–
D structure bounded by the ground and sky in which ev-
ery percept appears at a finite distance from the subject. It
is an interesting question to ask how the ground on which
we are standing appears to be extended, if not obstructed,
up to the horizon (the boundary of V S) or how the per-
ceptual distance to the boundary is determined. Drösler
(1992) discussed the ground and horizon in monocular vi-
sion. Indow (1997) discussed the boundary of frameless
V S, within the framework of the assumption B, as the
asymptote where the convergence vanishes. How far the
horizon in a natural scene appears cannot be discussed in
this way. The roles of vertical horopter, texture gradient,
and optical flow will be discussed.
Drösler, J. (1992). Eine Untersuchung des perspektivis-

chen Sehens. Zeitschrift für experimentelle und ange-
wandte Psychologie, 34, 515–532.

Indow, T. (1991). A critical review of Luneburg’s model
with regard to global structure of visual space. Psy-
chological Review, 98, 430–453.

Indow, T. (1996). Global structure of visual space as a
united entity. to appear soon in Mathematical Social
Sciences.
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Indow, T. (1997). Hyperbolic representation of global
structure of visual space. Journal of Mathematical Psy-
chology, 41, 89–98.

Zimmer, K. (1998). Experimetelle Untersuchungen zur ge-
ometrischen Struktur des binokularen Sehraums. Ph.
D. Dissertation to Universität Regensburg.

The Spherical Model of Color Discrimination
Based on Human VEP Data

Chingis Izmailov1, Evgenii Sokolov & Svetlana
Korshunova

Department of Psychophysiology
Moscov State University

Mohovaya 8/5, 103009 Moscow, Russia
1chaizm@mail.ru

The study of color discrimination in humans using mul-
tidimensional scaling of large color differences has re-
vealed that construction of uniform color space in which
Euclidean distances between color points will strictly cor-
respond to perceived color differences is possible when
light stimuli varying on spectral distributions and lumi-
nance can be represented as a points on a surface of a
hypersphere in four-dimensional Euclidean space. Three
spherical coordinates of the color hypersphere match sub-
jective attributes of colors: hue, saturation, and bright-
ness, while four Cartesian coordinates represent four neu-
ronal channels (red-green, blue-yellow, bright, and dark)
of the visual system. A subset of equibright colors forms
three-dimensional Euclidean subspace in which color
points are located on a two-dimensional spherical surface.
(Izmailov and Sokolov, 1984, 1991; Izmailov, 1995). Color
functions calculated from spherical model are in good co-
incide with psychophysial and neurophysiological data
of color vision (Izmailov, 1980, Izmailov, Sokolov, Cher-
norizov, 1989). Cortical evoked potentials in human were
studied to obtain direct electrophysiological measures of
color differences and to compare them with color dis-
crimination data obtained by psychophysical methods.
The analysis of evoked potentials was different from tra-
ditional experimental techniques by two basic peculiar-
ities. Firstly, instead presentation of separate light flash,
the instant (with front no more than 0.5 ????) substitution
of one flash of light on the other was used. Evoked po-
tential was recorded on this change (Paulus et. al., 1984;
Zimzchev et. al., 1986). Secondly, the difference between
changed stimuli in pair was increased monotonicaly till
both legs from zero point, in which changed stimuli were
identical. For the specification of color components se-
ries of such functionally connected evoked potentials on
stimuli substitutions are used rather then separate evoked
potentials (Zimzchev et. al., 1986, Izmailov et. al., 1998).
Experiments with pair substitution of five color stimulus
(four basic colors - red, blue, yellow, green - and white
color) each varying on seven levels of luminance and 12
equibright colors were spend. A color coding component
N87 and luminance coding component P120 were reli-
ably found in occipital (O1,O2) and temporal (T5,T6) loci.
(Paulus et. al., 1984; Regan, 1989). However, analysis of
latency and amplitude of components N87 and P120 de-
pending on differences of luminances between stimulus
with identical and different spectral distributions in a pair
has shown, that N87 reflects not only color, but also the
brightness differences. It allows to connect N87, as one of
earliest component with a N1 in cortical evoked potential
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in primate, reflecting activity of cells, receiving the infor-
mation directly from NGB and to consider it as the first
stage of the cortical analysis of chromatical and achromat-
ical characteristics of light (Padmos, Van Norren, 1975;
Zrenner, 1983). Concerns to P120 traditionally interpreted
as brightness component, it represents activity of cortical
cells connected to the analysis of non-chromatic charac-
teristics of stimulus, such as the form, movement, orienta-
tion and etc., which are also based on luminance gradient
and contrast, but not directly connected with brightness
of light. It explains long latency and high amplitude of
P120, in comparison with N87, and also correlation P120
with the configurative characteristics of stimulus, that is
refered in a number of works (Regan, 1989). For a com-
parison of the evoked potentials with subjective estimates
of color differences three indexes were used: amplitudes
of components N87 and P120 relatively to background
and interpeaks amplitude (between N87 and P120). Scat-
ter diagrams between subjective estimates of color differ-
ences and these indexes are drawn. The highest correla-
tion with psychophysical estimates of color differences is
shown by interpeaks amplitudes for temporal electrode
site T5. Using the interpeaks amplitudes as measures of
color differences for twelve stimuli color space had been
constructed by multidimensional scaling technique. The
color points were located on the spherical surface in three-
dimensional Euclidean space in exactitude as wall as in
case of subjective estimating of these color differences.

Izmailov Ch. A. (1995). Spherical model of discrimination
of self-luminous and surface colors In Geometric Rep-
resentations of Perceptual Phenomena. R. D. Luce, M.
D. D’Zmura, D. Hoffman, G. J. Iverson A. K. Rom-
ney (Eds). Lawrence Erlbaum Associates, Publishers,
Mahwah, New Jersey, Hove UK, pp.153–168.

Izmailov, Ch. A., Chernorizov A. M., & Sokolov, E. N.
(1989). Psychophysiology of Color Vision. Moscow,
Mosc. State Univ. Publish.

Izmailov, Ch. A, Isaychev, C. A., Korshunova S. G., &
Sokolov, E. N. (1998). Color and brightness compo-
nents of VEP in human. (in russian) Journal of High
Nerve Activity, 48, 777–787.

Izmailov, Ch. A. & Sokolov, E. N. (1991). Spherical model
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Photopigment Opsin Variation and Color Sensation

Kimberly A. Jameson1, Valerie Bonnardel2,
Susan M. Highnote3, Linda Wasserman4

1;3Department of Psychology, University of California at San
Diego

9500 Gilman Drive, 0109, 92093-0109 La Jolla, CA, U.S.A.
2Department of Physiology, University of Cambridge, U.K.
4Department of Psychology, Division of Medical Genetics

University of California at San Diego Medical School
kjameson@ucsd.edu

Cognition and color appearance research frequently
makes use of Trichromatic Theory in modeling higher-
order color sensations. Recent results in molecular ge-
netics indicate that many individuals express more than
three color vision photopigments. To investigate the in-
fluences of more than three photoreceptor types on color
sensation we assessed the color perception of individ-
uals grouped by classes of photopigment opsin genes
identified through Polymerase Chain Reaction (PCR) ge-
netic assays. We compare groups of individuals identi-
fied as Dichromats and Trichromats with individuals ex-
hibiting non-standard photopigment variations (includ-
ing heterozygous and polymorphic variants). Two meth-
ods of assessing color sensations were used: (1) a method
using a diffracted spectrum with heterochromatic lumi-
nance (Jameson, Highnote and Wasserman 1998), and (2)
a method using an equal-energy spectrum (Bonnardel,
1998). Comparison of the results further clarifies the rela-
tions between photopigment opsin genotypes and color
perception. Implications for cognitive models of color ap-
pearance phenomenology and Graßmann color coding
are discussed.
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Using Unforced-Choice Tasks in Adaptive
Psychophysical Procedures

Christian Kaernbach

Institut für Allgemeine Psychologie
Universität Leipzig

Seeburgstraße 14-20, 04103 Leipzig, Germany
chris@psychologie.uni-leipzig.de

Adaptive procedures are in widespread use for measur-
ing absolute and differential thresholds. They can be com-
bined with a variety of tasks, the most common ones
being yes-no tasks and forced-choice tasks. Yes-no tasks
are often considered to be problematic due to the neces-
sity of the participant to maintain a criterion (where to
start to say ,yes‘) at a stable position. Naive participants
are often not able to do so, and there might be a con-
siderable variation between participants concerning the
position of this criterion. Forced-choice tasks circumvent
this problem by having the participant compare two or
more intervals. The adaptive rule is in general different
from that of a yes-no task in order to account for chance
performance at low signal levels. The latter gives rise to a
random walk behavior of the adaptive track at low levels
which reduces the reliability of the procedure and thus
its efficiency.

The present talk presents a rule that may be com-
bined with unforced-choice tasks. A theoretical analysis
of unforced-choice tasks reveals that while the latter in-
volve a criterion (where to start to say “don’t know”) the
situation is nonetheless quite different from that of yes-no
tasks. The effects of the criterion and of its possible vari-
ations on the value and standard deviation of the thresh-
old estimate are shown to be of no importance as com-
pared to the gain obtained by reducing the random walk
behavior for low signal levels. The resulting procedure
proves to be more efficient than yes-no and forced-choice
procedures. This is shown with computer simulations as
well as with empirical data. Moreover, participants re-
port the new procedure to be much more comfortable. In
summary, using unforced-choice tasks in adaptive pro-
cedures is preferable over using yes-no tasks or forced-
choice tasks as it is slightly more efficient and much more
comfortable. It might prove of special b! enefit in clinical
settings where the participants are naive and one is in
want of a comfortable, yet precise procedure.

Item Selection in IRT Models for Measuring Change

Stefan Klein & Bodo Krause

Institut für Psychologie
Lehrstuhl Psychologische Methodenlehre

Humboldt-Universität zu Berlin
Oranienburger Straße 18, 10178 Berlin

stefan.klein@rz.hu-berlin.de

Subject of this paper are certain topics concerning the
measurement of change for categorical variables by Item
Response Models. The experimental design used for this
is the most simple design: a 2 � 2-design with measure-
ments at two different timepoints in two different groups.
For measurement of change with categorical variables
mainly two Item Response Models are proposed: The
LLTM (Linear Logistic Test Model) and the LLRA (Linear
Logistic model with Relaxed Assumptions). Both models
were developed by G. H. Fischer. In both cases change is
measured by using an existing group structure, assuming
that inside of these groups the amount of change is the
same for all members of the group. There can be a system-
atic error distorting the measurement, if a) the assumed
group structure is wrong and a different group structure
was convenient for measuring change, or if b) there does
not exist any kind of group structure at all. In this case,
there would be a parameter measuring change for every
person. In literature this phenomenon is called modifia-
bility. In this paper strategies are presented for selecting
a set of items- resp. persons- minimizing this bias. The-
ses strategies include certain methods of correspondence
analysis, and certain tests of fit for the Rasch model. It
will be examined if these strategies are suitable for our
purpose.
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Nail that Distribution:
Linear Weighted Moments for Identifying the

Form of Reaction Time Distributions Generated by
Perceptual, Cognitive and Decision Tasks

Diana Eugenie Kornbrot

University of Hertfordshire
College Lane, Hatfield, Hertfordshire AL10 9AB, UK

d.e.kornbrot@herts.ac.uk

Identifying the form of reaction time distributions
(gamma, lognormal, ex-Gaussian, normal mixtures etc.) is
a hoary, but important problem in mathematical psychol-
ogy. So far its solution has proved elusive (Luce, 1986).
This is because current methods need 1000s of observa-
tions per distribution, are prone to statistical ’mimicry’
problems (Van Zandt & Ratcliff, 1995), and can only
combine data across people and treatments by introduc-
ing many additional (improbable) assumptions. Linear
weighted moments based parameters (Hosking, 1990)
(second linear moment for spread; linear skew for asym-
metry; and linear kurtosis for high-tailedness) can over-
come these difficulties. Theoretically, the relations among
these parameters distinguish among statistical distribu-
tions - as with conventional methods. However with lin-
ear weighted moment methods sampling variance is low
enough to avoid mimicry problems, and sampling bias is
low enough to allow combining distributions with min-
imal (testable) assumptions. The methods are illustrated
with data from signal detection, mental arithmetic, se-
quential keying and visual search.

Hosking, J. R. M. (1990). L-moments: analysis and esti-
mation of distributions using linear combinations of
order statistics. Journal of the Royal Statistical Society,
B, 52, 105–124.

Luce, R. D. (1986). Response times. Oxford: Clarendon
Press.

Van Zandt, T. & Ratcliff, R. (1995). Statistical mimicking of
reaction time data: single process models, parameter
variability and mixtures. Psychonomic Bulletin and
Review, 2, 20–51.

Discrimination of Depth and Criterion-Setting

Martin Lages & Michel Treisman

Max Planck Institute for Human Development
Lentzeallee 94, 14195 Berlin, Germany

lages@mpib-berlin.mpg.de

Do cognitive factors affect the judgment of apparent
depth in standard psychophysical discrimination tasks?
To examine contextual effects on discrimination perfor-
mance, we conducted two experiments. In each the MSS
was used and contextual effects were produced by vary-
ing the location of the range of test stimuli. Ocular ver-
gence served as the only depth cue in the first and hor-
izontal disparity in the second experiment. In each trial
of the first experiment a fixation cross flanked by nonius
lines was presented in a Wheatstone configuration for 1:4
sec before it disappeared. After a short interval, a verti-
cal bar was presented in an extended dark field and the
subject verged on the stimulus. The bar remained present
until the subject had responded. Each subject judged if the
bar appeared to be in front of or behind the previously
seen fixation cross. In three sessions the midpoint of the
test stimuli was centered on �2, 0, or +2 arcmin from the
fixation cross. The second experiment was conducted in
a dimly lit room where the monitor face provided a fu-
sion lock. On each trial the fixation cross remained visible
throughout so that the subjects could base their judg-
ments on the horizontal disparity of the bar. In three ses-
sions the midpoint of the test stimuli was centered on �2,
0, or +2 arbitrary units (AU) from the fixation cross. (A
single AU was half the individual discrimination thresh-
old as determined by an adaptive staircase procedure
before the first test block. The results show that ocular
vergence is an unreliable depth cue that generates uncer-
tainty and promotes contextual effects. On average the
discrimination thresholds were twelve times higher than
for horizontal disparity judgments. Nevertheless, the lat-
ter were also suceptible to contextual effects. The contex-
tual effects for depth discrimination are similar to those
that have previously been shown for spatial frequency
and orientation discrimination, and can be explained by
criterion-setting theory (Lages and Treisman, 1998). This
supports the generality of criterion-setting effects in vi-
sual discrimination.

Lages, M. & Treisman, M. (1998). Spatial frequency dis-
crimination: Visual long-term memory or criterion set-
ting. Vision Research, 38, 557–572.

Treisman, M. & Williams, T.C. (1984). A theory of crite-
rion setting with an application to sequential depen-
dencies. Psychological Review, 91, 68–111.
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A Method for Approximating the Shape of Latent
Fields of

Single Visual Points for Predicting Geometric Optical
Illusions.

Günter Lehmann

University of Wuppertal
Department of Psychology

Gaußstr. 20, 42097 Wuppertal, Germany
Lehmann@uni-wuppertal.de

The length illusions within geometric figures, e. g. the
Müller-Lyer figure, can be predicted to a certain degree by
the additive superposition of the illusions caused by inter-
actions among pairs of lines. We therefore focussed our
investigations on basic experiments, where the subject
had to reproduce a line S out of two random lines (S;G).
G had a constant length of 10 cm. The averaged length
illusions of the reproductions of S of about 1300 stimuli
(S;G) could be predicted with correlations of :60� :80 by
a two-parameter field model. It postulates an influence
of G on S by a potential field around G resulting from
the superposition of concentric fields emitted by the vi-
sual points onG. In the model the strength of the field in a
point s on S emitted by a point g onG is defined by a two-
parameter function f = f(d(s; g)) depending only on the
distance d(s; g). The theoretical length illusion �(S;G) of
S in the field of G then results from a double line integral
of the function f over G and S:
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with S: ax + b and G: � � + �. The two integrals pos-
tulate an infinitesimal additivity holding as well for the
concentric fields of the points g on G as for the assumed
local illusions in S. On the other side, by testing about
12 elementary two-parameter distance functions f , we
found that for 4-5 different functions the model fitted the
data almost equally well. Apparently, the data fulfilled
the two additivity conditions to such a high degree, that
the choice of the distance function f turned out to be of
secondary importance. The problem was, how to deter-
mine the "true" distance function f from the data. The
new result is, that we found a method which allows to es-
timate the shape of the latent function f from our experi-
mental data. We approximate the two integrals of �(S;G)
by a weighted linear function w = w(d(s; g)) of the dis-
tances d(s; g) of all pairs of points (s; g) within our stimuli
(S;G). The weight function w obtained from the data ap-
proximates the shape of the latent function f(d(s; g)). The
shape turned out to have the form of a damped oscillation.

Moreover, we found very similar oscillatory functions f
for three geometrically different subclasses of our stim-
uli. The oscillatory functions probably can be reduced to
a neurological background. The next problem is to find
a mathematical model predicting the obtained damped
oscillaton.

Measurement and Utility

R. Duncan Luce

University of California at Irvine
Irvine, CA 92697-5100

rdluce@uci.edu

A brief summary is given of what I consider to have been
the major accomplishments in axiomatic measurement
theory (psychometrics and scaling excluded) during this
century and of what seem to be some of the outstanding
problems. Examples are provided of applications of some
results to the study of decision making under certainty
and uncertainty.

Levels of Measurement Laws

R. Duncan Luce

University of California at Irvine
Irvine, CA 92697-5100

rdluce@uci.edu

Three levels of scientific laws that involve measures onto
continua are distinguished. The first level formulates fun-
damental, qualitative properties of attributes. These in-
volve orderings coupled with other structures, and they
lead to numerical representations. The most common are
extensive, intensive, and conjoint measurement, of which
physics and psychology provide many examples. The
second level consists of laws linking distinct structures
of the first type. In physics, distribution laws give rise
to the structure of physical quantities; in utility theory,
somewhat similar laws link joint receipt to gambles; in
psychophysics, comparable laws seem less common. The
third level involves laws stated within frameworks ar-
rived at the second level. Sometimes these take the form
of invariance principles, as in physical dimensional anal-
ysis, or as dynamic systems, as in much classical physics.
Invariance examples from psychology are examined and
contrasted with those from physics.
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Order Structure of Order Relations

Josef Lukas

Institut für Psychologie
Martin-Luther-Universität Halle-Wittenberg

06099 Halle (Saale), Germany
j.lukas@psych.uni-halle.de

In empirical sciences order relations represent basic rela-
tionships such as being less-than or equal-to with respect
to some attribute. Notions of progression, precedence, or
preference are typical applications, most frequently used
are equivalence relations, linear orders, partial orders and
others. In mathematical psychology additional order re-
lations with specific properties have been developed, in-
cluding semi order, biorder, or interval order. This paper
investigates logical relationships of the most prominent
order relations within psychology. It is shown that the set
of order structures is itself an interesting order. A diagram
of its structure is presented and for every possible order
type a minimal example is given.

Knowledge Representation and Cognitive Processes

Josef Lukas

Institut für Psychologie
Universität Halle-Wittenberg

D-06099 Halle (Saale)
j.lukas@psych.uni-halle.de

Incompleteness and Probability Modelling

Ranald R. Macdonald

Department of Psychology
University of Stirling

Stirling, FK9 4LA, Scotland, UK
r.r.macdonald@stir.ac.uk

Probability models assume that uncertainties can be char-
acterised by urns from which different types of ball are
randomly drawn. This implies the existence of a veridi-
cal representation where uncertainty is expressed as a fi-
nite set of rational numbers. Probability models are often
assumed to be complete i.e. to characterise all the un-
certainty that is present by incorporating all distinctions
affecting this uncertainty. This is not possible because of
the following arguments.

1. Probabilities cannot represent total uncertainty.

2. Probabilities apply to classes of events rather than to
unique events.

3. Probabilities are subjective as the classes they apply
to must be defined by someone.

4. There are not enough rational numbers to distinguish
between all conceivable classes of events.

5. Probabilities are affected only by pre-specified dis-
tinctions in a probability model.

6. Probabilities cannot represent the uncertainty asso-
ciated with themselves.

Thus with any probability model there is uncertainty that
it has characterised and uncertainty that it has not char-
acterised. Evidence can affect both types with the result
that Bayes theorem and the likelihood principle break
down. The use of normative modelling in the evaluation
of people’s judgements of uncertainty is reassessed in the
light of these considerations. Finally, an analogy is drawn
between probability models and geometric figures, both
of which force nature into mathematical structures which
do not fit. Both are useful but, because of incompleteness,
there is less reason for supposing that an uncertainty cor-
responds to an elaborate probability model than that a
naturally occurring shape corresponds to a set of con-
nected regular curves.
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An Alternative Framework for
Decision Theory in the Context of Multicriteria

Decision Aiding

Thierry Marchant

Service de Mathématiques de la Gestion
Université Libre de Bruxelles

Bd du Triomphe, 1050 Brussels
tmarchan@ulb.ac.be

Most theoretic and axiomatic works in the field of multi-
criteria decision aiding rely heavily on conjoint measure-
ment. But, actually, conjoint measurement is not com-
pletely appropriate in this context. The main primitive in
conjoint measurement is an overall preference relation.
And one looks for conditions ensuring that this prefer-
ence relation can be represented by a multidimensional
structure.

In a decision aiding context, the overall preference re-
lation does not exist. The decision maker doesn’t know if
he prefers x to y. The goal of the decision aiding process
is precisely to build this preference relation.

We present a very general framework in which most
decision aiding procedures can be described and we pro-
vide some characterizations in this framework.

Adaptive Methods for Estimating Multivariate
Psychophysical Thresholds

Andreas Möltner

Otto-Selz-Institut
Labor für Klinische Psychophysiologie

Universität Mannheim
68131 Mannheim, Germany

moeltner@psychologie.uni-mannheim.de

When analyzing the integration of information from dif-
ferent sensory channels, the determination of thresholds
for stimuli with more than one physical parameter (e. g.
binaural stimuli) may be necessary. Like in the univariate
case, adaptive procedures can be used to estimate thresh-
olds effectively.

An example is the estimation of a combined stimu-
lus (X;Y ) with a given detection probability p subject to
the constraint that the detection probabilities of the iso-
lated stimuli (X; 0) and (0; Y ) should be equal, i. e. the
point (X;Y ) of the psychometric function f(x; y) with
f(X;Y ) = p such that f(X; 0) = f(0; Y ) has to be deter-
mined.

Appropriate methods for this problem are multivari-
ate Robbins-Monro-procedures, sequential methods on
discrete lattices (generalized up-down methods) and an
extension of Mukerjee’s procedure. Additionally an al-
gorithm for the isotonic regression problem on partial
ordered sets is given, which is needed for Mukerjee’s
procedure and to get consistent estimators for up-down-
methods.

A Preference Response Continous Scale Model

Akos Munnich & Janos Math

Kossuth Lajos University
Debrecen, Hungary

munnich@tigris.klte.hu

Wide range of models of preference are based on the so-
called “single-peaked” paradigm, that is each subject’s
preference generally increases up to a point (the “ideal”
point of the subject) in the ordering of the evaluated ob-
jects in question, and than decreases. An important class
of such models is the parametric unidimensional unfold-
ing model which is used mainly for scaling bipolar con-
cepts. In this approach (real valued) positions in a latent
dimension are attached to the subjects and the objects,
and given these positions, the response probabilities of a
subject are assumed to be a function of the distances be-
tween the positions of the subject and the objects. In our
talk a new preference response model for scaling bipolar
concepts will be suggested. The fundamental mechanism
at work in preference formation is a kind of bisection
of the opposite connotations of the bipolar concept in
question. The derived apparent unidimensional model
can be characterised by the subject and stimulus param-
eters, and the subjective weights of the opposite sides.
Using simulated data, the estimation of the parameters
are compared with the results from factor analysis and
multidimensional scaling.

A Mathematical Theory of Belief

Louis Narens

Department of Cognitive Sciences
University of California, Irvine

92717 Irvine, CA, USA
lnarens@uci.edu

A theory of belief is axiomatized in terms of a qualitative
binary relation that may be interpreted as “the degree
of belief of the conditional event AjB is greater than the
degree of belief of the conditional event CjD”. Repre-
sentation theorems establish that the qualitative axiom-
atization is a proper generalization of a theory of con-
ditional probability. As a generalization, it has various
interpretations, including one where uncertainty is mea-
sured in terms of two dimensions – one being probability
(as usually defined) and the other a dimension called
‘ambiguity’. There are strong links between this theory of
belief and the descriptive theory of probability judgments
known as “Support Theory”.
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The Development of Mathematical Psychlogy in the
Future

Alexei Pestov

Akademika Koroliova 4-1-279, 129515 Moscow, Russia
pestov@psychologie.ru

The closest perspective for mathematical psychology is
the change of detail description to the discovery of fun-
damental laws. In theoretical psychology we will see the
realising of the fact, that man is a temporal creature.
An apparatus criticus will be worked out in mathemati-
cal psychology, and this apparatus criticus will be helpful
for description of the dynamic of both psychical world
reflection and world creation. The fundamental laws in
mathematical form will be discovered.

MUEST: an Adaptive Psychometric Method

Marco J. H. Puts & Peter R. Snoeren

Nijmegen Institute for Cognition and Information
University of Nijmegen

P.O.Box 9104, 6500 HE Nijmegen, The Netherlands
puts@nici.kun.nl

MUEST is an extension of the so-called QUEST method
of Watson and Pelli. As in QUEST, MUEST gives an
Bayesian estimate of the “threshold” (offset of a psycho-
metric curve), but additionally also estimates the steep-
ness of the psychometric curve. After each trial, an op-
timal placement of the next stimulus level is calculated
on basis of the threshold and steepness. The method and
its advantages will be presented and some, previously
time-consuming, applications will be discussed.

Quantitative Methods of Psychological Activity
Theory

T. N. Savchenko & G. M. Golovina

Laboratory of Mathematical Psychology
Institute of Psychology Russia Academy

Yaroslavskaya, 13, 129366 Moscow, Russian Federation
msavch@psychol.ras.ru

The aim of this work is creation of phsychological ac-
tivity system general model with the help of sinergetic
approach. Analysis of sinergetic models in psychology
shows that the object of researches are: cognitive struc-
tures, memory, brain, intelligence, knowlege; mutual re-
lations in small and big cooperations; evolution models;
models of strategy choice and decision making; motiva-
tion models and etc. These parameters are the elements
forming the system of activity in psychological concep-
tion of Leontev, Lomov and etc. First variants of activation
models of two types were proposed: theoretical and ex-
perimental. In the theoretical model the activity is consid-
ered to be a function of variables: motivation, aims, needs,
decision making and etc. For each variable the model spe-
cific parameters (points, circles or attracts), which defines
the activity is built. The experimental model comes from
the concrete activity. These stages of model creation were
defined:

� definition of parameters of concrete activity,

� clearing of order parameters whith the help of factor
analysis,

� building the models allowing to define the stable
condition of these parameters.

The model of activity of the managers of scientific-technic
centre was worked as the experimental model. The folow-
ing order parameters were defined: factor of ability to
system intellect work and factor of decision making and
responsibility for them. For these factors the regressive
curves and LamereiÆs diagrams were costructed, which
allowed to define stational conditions. In the theoreti-
cal model the successfull activity is considered to be a
function of variables: motivation, individual intelligent,
special intelligent, threshold level, characteristic of pro-
fessional activity, individualities. If the individual intel-
lectual level of the person is lower, than the ,thereshold‘
than this person will not be successfull in this activity.
And if the individual intellectual level is higher, than the
success of the person’s activity will be determined by mo-
tivation, purposes, values, enviroment, etc. Preliminary
examination of the model was carried out at the example
of revealing the activity success of the managers in scien-
tific - technical centre. Two types of successfull managers
were distinguished, and style factors of the success of the
manager with different styles were discovered.
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Where Process and Measurement Models Meet,
Revisited

Franz Schmalhofer

Universität Heidelberg & DFKI Kaiserslautern
schmalho@dfki.uni-kl.de

Some years ago, Drösler (1981) has advocated to apply
theories of measurement to problem solving, an area of
psychology where - up to then - such models had hardly
been applied to. With a somewhat different point of view,
Gregg & Simon (1967) have compared mathematical the-
ories to computer simulation models with respect to their
costs and benefits. On the basis of these methodological
investigations, I will present an overview of a contempo-
rary cognitive architecture of human problem behavior
(Anderson & Lebiere, 1998). I will thereby apply a levels
description (Schmalhofer, 1998, chapter 3). A discussion
about which aspects of current models of problem solv-
ing (e.g. Lifschitz, 1987, Anderson & Lebiere, 1998) satisfy
the objectives of mathematical theories will conclude my
presentation.
Anderson, J. R. & Lebiere, C. (1998) The atomic compo-

nents of thought. LEA, Mahwah, New Jersey.
Drösler, J. (1981) Where process- and measurement mod-

els meet: evaluation of states in problem solving. Pro-
ceedings of the Third Cognitive Science Conference,
Berkeley, CA, pp. 207–209.

Gregg, L. W. & Simon, H. A. (1967) Process models and
stochastic theories of simple concept formation. Jour-
nal of Mathematical Psychology, 4, 246–276.

Lifschitz, V. (1987) On the sematics of STRIPS. Reason-
ing about Actions and Plans: Proceedings of the 1986
Workshop (pp. 1–9) Timberline, Oregon.

A Method to Compare Knowledge Structures
Concerning their Adequacy

Martin Schrepp

Schwetzinger Straße 86, 68766 Hockenheim, Germany
martin.schrepp@sap-ag.de

In practical applications of knowledge space theory we of-
ten have different knowledge structures for a knowledge
domain Q. If we query, for example, two experts with
the QUERY routine, they will produce in almost all cases
different knowledge structures. If we derive knowledge
structures from cognitive models of the problem solv-
ing behaviour, competing models will produce different
knowledge structures. A method to compare these knowl-
edge structures allows us to compare the underlying pro-
cess models. We present a method which allows us to
compare two knowledge structures concerning their abil-
ity to describe a set of observed response patterns from
the domain. Simulation studies show that our method is
highly accurate. The knowledge structure closest to the
ætrueÆ knowledge structure is in almost all cases pref-
ered by the method. But the results also show that the
number of response patterns we need to guarantee reli-
able results increase strongly with the size of Q. Thus, the
method is restricted in its practical application to small
knowledge domains.



EMPG 1999 - Abstracts 18

A Theory of Isoluminant Chromatic Motion Perception

George Sperling1, Luis A. Lesmes2, & Zhong-Lin Lu2

1University of California at Irvine, CA 92697 Irvine, USA
2University of Southern California, Los Angeles, CA 90089

sperling@uci.edu

An isoluminant chromatic display contains different col-
ors but all of the colors are precisely equal in brightness.
Therefore, the motion in such displays is perceived nei-
ther by color-sensitive mechanisms of the brain, which
are thought to be insensitive to motion, nor by motion-
detection mechanisms, which have been shown to be
insensitive to color. Four experiments are reported to
demonstrate that isoluminant chromatic motion is per-
ceived exclusively via the so-called third-order motion-
detection system. [Note: The first-order motion system
computes motion from the luminance l(x; y; t) in a dis-
play. The second-order systems computes motion from
the quantity of texture q(x; y; t) at each point of a dis-
play. The third-order system computes motion from the
salience s(x; y; t) of each point in a display. Salience is
1 for points that are segmented as figure, 0 for points
segmented as ground, and salience takes intermediate
values for ambiguous points.] The experimental results
show that isoluminant chromatic motion has the follow-
ing properties, all indicative of third-order motion: It fails
the pedestal test, (2) has a temporal corner (“cutoff”) fre-
quency of 3–6 Hz, (3) is indifferent to whether succes-
sive frames are delivered to the same or to different eyes,
and (4) the illusion of “motion standstill” can be pro-
duced with highly visible chromatic gratings that satisfy
an equal-salience condition. These findings indicate that
movement of pure-color displays is not detected by some
subsystem of the brain’s color-sensitive perceptual mech-
anism, but by the third-order motion system at a higher
level of the brain where cues about form, texture, depth
and color are simultaneously available and where selec-
tive attention can influence the process.

This work was supported by the U.S. Air Force Office
of Scientific Research, Life Sciences, Visual Information
Processing Program.
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The questions of scale type of a measurement structure
are answered (partly) by investigating the automorphism
group of the structure. The famous Alper & Narens The-
orem characterizes automorphism groups on the reals.
Recently, Suck (in press) generalized this result by devel-
oping a topological description based on the order topol-
ogy of the measurement structure. This technique, as well
as the ideas of the Alper/Narens Theorem, live on a rich
automorphism group. What if this group is trivial, i.e.,
consisting only of the identity map? The present paper
deals with possibilities to extend the topological approach
to this situation. The tool employed is a groupoid instead
of the automorphism group.

Suck, R. (in press) Scale type (N;N) and an order based
topology induced on the automorphism group. Jour-
nal of Mathematical Psychology.
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A Boolean Approach to Hierarchical Data Analysis, an
Overview
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University of Ghent
Henri Dunantlaan 1, 9000 Gent, Belgium

and
Center for Manpower Planning and Studies

Vrije Universiteit Brussel
Pleinlaan 2, 1050 Brussel, Belgium

Peter.Theuns@advalvas.be

Boolean analysis of questionnaires (Flament, 1976) is a
method for data-analysis with a much larger scope than
only questionnaires. In fact any set of binary data can be
analyzed with this method and results in a unique set
of equivalent implication schemes. Boolean analysis – we
drop the ,questionnaires‘ from here on – is a partial order
generalization of Guttman’s scalogram analysis. One of
the criticisms to scalogram analysis is that in practice it is
rare to find data that can be fitted well to the scalogram
model. Generally other than the Guttman patterns are
observed which results in low fit parameters. In Boolean
analysis this problem does not exist, as this method basi-
cally does not impose any constraints on the patterns that
can be modeled. At first sight this feature seems most
promising: indeed, Boolean analysis allows one to build
a perfectly fitting model for any set of observed patterns.
In practical applications, however, approximated impli-
cation schemes that meet some criteria concerning avoid-
ance of error, simplicity or structure are preferred over
perfect schemes that accommodate all observed patterns.
This paper provides an overview of methods, called di-
chotomization methods, that were introduced (see for ex-
ample Theuns, 1994, 1998) for selecting ,optimal‘ sets of
patterns to be modeled. Depending on the kind of ap-
plication the selection method focuses on either avoiding
error, simplicity of the resulting implication schemes or
(closure) criteria concerning the structure of the set of
modeled patterns.

Flament, C. (1976). L’analyse Booléenne de Questionnaire.
Paris: Mouton.

Theuns, P. (1994). A dichotomisation method for Boolean
analysis of quantifiable co-occurrence data. In Fischer,
G. H. & Laming, D. (Eds.). Contributions to Math-
ematical Psychology, Psychometrics, and Methodol-
ogy, New York: Springer.

Theuns, P. (1998), Building a knowledge space via
Boolean analysis of co-occurrence data. In Dowling,
C., Roberts, F., & Theuns, P. (Eds.) Recent Progress
in Mathematical Psychology. Psychophysics, Knowl-
edge, Representation, Cognition, and Measurement,
New York: Lawrence Erlbaum.

Assessing the Variability of Psychometric Functions

Bernhard Treutwein & Hans Strasburger
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The quality of psychophysical threshold measurements
hinges on the availability of error estimates for the esti-
mated parameters. To obtain the latter is particular diffi-
cult in work with patients and in situations where data
are not stationary (e.g. due to learning). Bootstrapping
(Efron & Tibshirani, 1993) provides a general and ele-
gant way to estimate standard errors for arbitrarily com-
plex summary statistics like those specifying the complete
shape of a psychometric function, or, more generally, like
function parameters in a nonlinear fit. The surprisingly
simple idea of the bootstrap is to generate sets of virtual
data by resampling (with replacement) the original data.
In psychophysics the original data set are the responses
collected in a session; the sets of resampled data have the
same size as the original and consist of the same responses
except that some responses have been omitted and oth-
ers have been doubled. Using the Bayesian fit routine of
Treutwein & Strasburger (1999) to fit a template psycho-
metric function to the original data set, best estimates for
threshold, slope, and guessing and lapsing rate are ob-
tained, the variability of which are of interest. With the
same fit routine applied to the sets of virtual data, dis-
tributions of these parameter values are obtained. The
variances of these distributions are the ideal bootstrap es-
timates of the standard error of the corresponding param-
eters estimated from original set. Data from Monte-Carlo
simulations demonstrate that the bootstrap distributions
of the estimated parameter values are highly similar to
the distributions of repeated (simulated) measurements.
Data from psychophysical experiments further show the
applicability of this method to real-world data.

Efron, B. & Tibshirani, R. J. (1993) An Introduction to the
Bootstrap. Chapman & Hall, New York.

Treutwein, B. & Strasburger, H. (1999) Fitting the Psycho-
metric Function. Perception & Psychophysics, 61, pp.
87–106.
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A Model for Speed and Accuracy Data on Complex
Mental Tasks
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Since speed and accuracy form two complementary as-
pects of human performance, it seems interesting to de-
velop a model that takes into account both aspects at the
same time. For simple choice paradigms, this has been
worked out by Ratcliff (e. g., Ratcliff, 1978; Ratcliff &
Rouder, 1998). On the other hand, in the domain of com-
plex mental tasks (or intelligence tests), such a model is
less well developed. Models are either specified for ac-
curacy data (e. g., Embretson, 1995) or reaction time data
(e. g., Smit & Van der Ven, 1995), but seldom are time
and accuracy modeled simultaneously. Two exceptions
are the models of Verhelst, Verstralen, and Jansen (1996)
and Roskam (1996), which write the probability of succes
as a function both of a set of basic parameters and reaction
time on that particular item.

The present paper proposes a model that applies to
complex mental problems (e. g., analogy solving). The
model specifies both the time an examinee takes to fin-
ish an item and the probability of succes on that item
as a function of a set of common parameters. Generally
speaking, the model states that an item is solved by the
subsequent sampling of relevant solution principles until
either the correct one is found (which results in success) or
until a misleading rule is found (which results in an erro-
neous response). The model is applied to a test of solving
number-series items and it is shown that the model is in
good accord with these data. Although the present paper
does not reflect explicitly on accomplishments of the past,
it will be seen that the model incorporates trends in math-
ematical psychology like statistical learning theory (e. g.,
Estes, 1950) and speed/accuracy tradeoffs (e. g., Ratcliff,
1978).

Embretson, S. E. (1995). The role of working memory ca-
pacity and general control processes. Intelligence, 20,
175–186.

Estes, W. K. (1950). Toward a statistical theory of learning.
Psychological Review, 57, 94–107.

Smit, J. C. & Van der Ven, A. H. G. S. (1995). Inhibiton in
speed and concentration tests: The Poisson inhibition
model. Journal of Mathematical Psychology, 39, 265–
274.

Ratcliff, R. (1978). A theory of memory retrieval. Psycho-
logical Review, 85, 59–108.

Ratcliff, R. & Rouder, J. N. (1998). Modeling response
times for two-choice decisions. Psychological Science,
9, 347–356.

Roskam, E. E. (1996). Models for speed and time-limit
tests. In W. J. van der Linden and R. K. Hambleton
(Eds.), Handbook of modern Item Response Theory.

Verhelst, N. D., Verstralen, H. H. F. M., & Jansen, M. G. H.
(1996). A logistic model for time-limit tests. In W. J. van

der Linden and R. K. Hambleton (Eds.), Handbook of
modern Item Response Theory.
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Most theoretical analyses of psychophysical decision
processes have focused on accounting for response proba-
bilities and times and have tended to overlook confidence
assessments and to postpone the problem of transitory
representation in memory. It is argued that, in addition to
their intrinsic interest, confidence assessments present a
challenge for theoretical models of psychophysical judg-
ment designed primarily to account for tradeoffs between
speed and accuracy. In a similar manner, the need to ac-
count for information loss in short-term memory substan-
tially influences the pattern of predictions generated by
stochastic decision models. Several hypotheses concern-
ing the basis for confidence assessments and the represen-
tation of information in short-term memory are compared
and evaluated. Results are presented from a series of ex-
periments involving judgments of the relative frequency
of two alternative stimulus elements within rapidly pre-
sented sequences. This task allows comparisons to be
made between empirical data and theoretical predictions
for each individual trial. The results of these comparisons
are discussed in terms of competing models of the de-
cision process, combined with alternative hypotheses re-
garding confidence and the operation of short-term mem-
ory. It is concluded that the data are best accounted for
by an accumulator decision process, in conjunction with
a balance-of-evidence hypothesis concerning confidence
and a loose capacity model of short-term memory.
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Non-Euclidean Property of Blind Walking
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In the present study, the geometrical property of blind
walking was studied.The subject was asked to make a
circle of radius 2.3 m by blind walking. First, the blind-
folded subject stood at the starting point O. Second, he
walked 2.3 m subjectively and stopped (point A). Third,
from point A, he drew a circle of radius OA by walking.
He was asked to put a small object for the record on the
floor at the location of a third (point B), two third (point
C) of the circumference and the final location (point D)
of the circumference. Eight subjects attended the exper-
iment and the experiment consisted of eight trials (four
clockwise directions and four counter-clockwise. If the ge-
ometrical property of blind walking is Euclidean, points
B, C, D should be on the same circumference as point
A. However, the result showed that they were not on the
same circumference and the average radius of OB, OC ,
OD was significantly smaller than the radius OA (t=2.45,
df=2, p < 0:05). If we draw a circle of radius r on the
surface of a globe, its circumference is smaller than 6:28r.
That is, the result implies that the geometrical property
of blind walking should be elliptic.

Conceptual Knowledge Representation in
Psychoanalytic Process Research

Karl Erich Wolff & Norbert Spangenberg

Department of Mathematics
University of Applied Sciences

Schoefferstr. 3, D-64295 Darmstadt, Germany
wolff@mathematik.tu-darmstadt.de

The purpose of this paper is to demonstrate an application
of Conceptual Knowledge Representation in the field of
psychoanalytic process research. Conceptual Knowledge
Representation is based on Formal Concept Analysis in-
troduced by R. Wille (1982). For a short introduction the
reader is referred to Wolff (1994) and Wille (1997), for the
mathematical foundations to Ganter, Wille (1999). As an
example in psychoanalytic process research we use data
of anorectic young women investigated by Spangenberg
(1990). A central problem in the formal representation of
processes is the determination of a suitable frame. Gener-
alizing the usual film representation of a kinematic pro-
cess we describe a psychoanalytic process by introducing
a conceptual frame into which the given data can be em-
bedded in a suitable granularity. This conceptual frame
describes the language of a psychotherapist about those
attributes which were used by the patient for the descrip-
tion of her family members. Combining the pairs (family
member, time) as objects with the attributes of the psy-
chotherapist we get a formal context whose concept lat-
tice yields a visualization of the psychoanalytic process
of the patient. This method was used by Wolff also for the
description of industrial processes.

Ganter, B. & Wille, R. (1999). Formal Concept Analysis:
mathematical foundations (translated from the Ger-
man by Cornelia Franzke) Springer-Verlag, Berlin-
Heidelberg.

Spangenberg, N. (1990). Familienkonflikte eßgestörter Pa-
tientinnen: Eine empirische Untersuchung mit Hilfe
der Repertory Grid-Technik. Habilitation am Fach-
bereich Humanmedizin der Justus-Liebig-Universität
Gießen.

Spangenberg, N. & Wolff, K.E. . Formal Concept Analy-
sis. Applications of a new Paradigm in Psychoanalytic
Research. To appear, LIT-Verlag, Münster.

Wille, R. (1982). Restructuring lattice theory: an approach
based on hierarchies of concepts. Ordered Sets (ed.
I.Rival). Reidel, Dordrecht-Boston, 445–470.

Wille, R. (1997). Introduction to Formal Concept Analysis.
Modelli e modellizzazione. Models and modelling(ed.
G.Negrini). Consiglio Nazionale delle Ricerche, Insti-
tuto di Studi sulli Ricerca e Documentatione Scien-
tifica, Roma, 39–51.

Wolff, K.E. (1994). A first course in Formal Concept Anal-
ysis - How to understand line diagrams. SoftStat ’93,
Advances in Statistical Software 4,(ed. F.Faulbaum)
Gustav Fischer Verlag, Stuttgart, 429–438.

Wolff, K.E. (1998). Conceptual Interpretation of Fuzzy
Theory. Zimmermann, H.J.: EUFIT’98, 6th European
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ing, Aachen 1998 I, 555–562.

Wolff, K.E. (1999). Concepts in Fuzzy Scaling Theory: Or-
der and Granularity. Submitted for publication in the
Proceedings of the 7th European Conference on In-
telligent Techniques and Soft Computing, EUFIT’99.
Preprint Fachhochschule Darmstadt, 1999c.

Wolff, K.E. (1999). Concepts, States and Systems. Submit-
ted for publication in the Proceedings of the Third
International Conference on Computing Anticipatory
Systems (CASYS’99), Liege, Belgium, August 9-14,
1999.
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Stereokinetic phenomena are 3-D percepts produced by
2-D figures rotating on the frontal plane. The mathemat-
ical model was based on a hypothesis of minimization
of the velocity differences between the various points of
the configuration. The main phenomena considered were:
the apparent cone, produced by a rotating disk with an
excentric dot inside it; the tilted disk and the ellipsoid,
produced by a rotating ellipse; the tilted line segment,
generated by a rotating line segment of constant length.
Generalizing the model to periodic translational move-
ments on the frontal plane we considered, among others,
the swinging gate, produced by a vertical line periodically
receding from and approaching a stationary vertical line
of the same length. In all examined cases the theoretical
predictions were in good agreement with the experimen-
tal results, obtained by asking the subjects to evaluate the
apparent displacement in depth of the perceived images.
The problem we are now facing is the apparent move-
ment in depth of vertical line segments and of vertical
rectangles of constant width, undergoing periodical con-
tractions with simultaneous lateral displacements.

Beghi, L., Xausa, E., & Zanforlin, M. (1991). Analytical
determination of the depth effect in stereokinetic phe-
nomena without a rigidity assumption. Biological Cy-
bernetics, 65, 425–432.

Johansson, G. (1964). Perception of motion and changing
form. Scandinavian Journal of Psychology, 5, 181–208.

Tampieri, G. (1959). Movimenti fenomenici di allontana-
mento ed inclinazione in rapporto a differenze nelle
condizioni di stimolazione. Rivista di Psicologia, 53,
17–26

Xausa, E., Beghi, L., & Zanforlin, M.(1997). Mathematical
model of the depth effect in the translatory alternating
movement. Part A : 3-D perception of length amplifi-
cation. In Taddei-Ferretti, C. (ed.) Biocybernetics of vi-
sion: integrative mechanisms and cognitive processes,
World Scientific, Singapore, 293–296.

Zanforlin, M. (1988). Stereokinetic phenomena as good
Gestalts: the minimum principle applied to circles and
ellipses in rotation: a quantitative analysis and a the-
oretical discussion. Gestalt Theory, 10, 187–214.
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Parallel processing of a visual attribute (such as mo-
tion) across locations require that those locations occu-
pied by one object be segregated into a single region or
"chunk" that reflects the "oneness" of that object. This
grouping/binding is both dynamic, in the sense that it
depends on the object’s momentary location and the re-
gion of space it occupies, and automatic, in the sense
that it depends only on the bottom-up sensory oper-
ations uniformly applied to all locations to start with.
However, sensors that directly compute raw image fea-
tures do not immediately provide such constancy. For
example, the output of local motion sensors necessarily
confound object velocity with image luminance structure
(the so-called "aperture problem"), and therefore are not
uniform across the region occupied by the moving object.
In order to properly bind those locations corresponding to
rigid motion, it has been demonstrated that motion sen-
sors’ output must be construed as a map of vectors under
a Riemannian (non-Euclidean) geometry that is induced
by the momentary image structure (Zhang and Wu, 1990).
The Levi-Civita connection, which determines how vec-
tors in nearby locations are to be compared (under the
rule of parallel transport), has been derived and related
to the image luminance function. The Riemann curvature
is proven to be identically zero, indicating that vector
comparison is well-defined (path-independent) within a
region. This guarantees the mathematical feasibility of
this differential geometric approach to perceptual bind-
ing. Also derived are the metric tensor, which is equal
the product of the Hessian matrix of image luminance
function, and the set of geodesics, which connect those
points at which the first-order image luminance gradient
are constant. This framework is applied to the problem
of motion segregation in the random-dot kinematogram
a la Braddick (1974), in which the segregation of a sur-
face patch depends on an underlying 2-D rigid transla-
tion alone. A simple algorithm is provided to implement
neural computation of the proposed geometry by using
orientation and direction selective units (Zhang, 1995).
Figural segregation is achieved through comparison and
congruency of the motion vector field with families of
orientation maps that are simultaneously calculated to
represent the image geometry.
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Möltner, Andreas 15
Munnich, Akos 15

Narens, Louis 15

Pestov, Alexei 16
Pietsch, Anthony 20
Puts, Marco J.H. 16

Savchenko, T.N. 16
Schmalhofer, Franz 17
Schrepp, Martin 17
Snoeren, Peter R. 16
Sokolov, Evgenii 9
Spangenberg, Norbert 21
Sperling, George 18
Strasburger, Hans 19
Suck, Reinhard 18
Suppes, Patrick 18

Theuns, Peter 19
Treisman, Michel 12
Treutwein, Bernhard 19

Verguts, Tom 20
Vickers, Douglas 20

Wasserman, Linda 10
Watanabe, Toshio 21
Wolff, Karl Erich 21

Xausa, Elisabetta 22

Zanforlin, Mario 22
Zhang, Jun 23

24


