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The study presented by a linguist and a mathemati-
cian examines different views on theorems regarded as
types of texts. Linguistic and mathematical approaches
to the notion of theorem are discussed and the essen-
tial properties and modes of usage of theorems are de-
scribed. One of the immanent characteristics of a the-
orem is its accessibility and intelligibility. Some cogni-
tive operations and languages used in school and pro-
fessional mathematical activities, which are directed to
gain the accessibility of the text of a theorem are con-
sidered. The main objective of the study is to explain
what equivalent formulations of theorems seem to be
more intelligible and lucid and why.
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WORKSHOP ON SEGMENTATION OF BEHAVIOR

��������� �� ����������� �������� 

MODULES OF SPATIAL PERCEPTION AND ACTION: PRIMITIVES
AND REFERENCE FRAMES*

W���� % Q����P�

Pavlov Institute of Physiology, Russian Academy
of Siences (St. Petersburg, Russia)

The process of perception includes different levels of in-
formation segmentation. The lowest level is the level of
receptors which provides spatial and temporal segmen-
tation of extra- and intrapersonal space. The higher
levels, the more sophisticated properties of signals are
described. For example, in a case of visual system the
receptive fields of neurons of subcortical levels of infor-
mation processing provide selectiveness for the size and
orientation of the stimuli; the primary cortical areas re-
act to lines and edges of different orientation, crossing
lines, angles, textures (so named visual primitives), as
well as to different spatial frequencies. On the following
levels the visual information is divided into two main
streams which selectively process the information about
objects and its location in space — so named systems
‘What’ and ‘Where’. The new type of segmentation at
the level of system ‘What’ (located in inferior temporal
cortex) makes it possible to create invariant to size and
orientation description of an object, i.e. visual lexicon,
tightly connected with declarative memory. This level
can be compared with the level of invariant description
in language — level of lexeme. The system ‘Where’ (lo-
cated in posterior parietal cortex) is the level of space
perception for movement control and controller of at-
tention. Single neuron activity demonstrates ordered in-
tegration of information of different sensory modalities;
the simulation experiments show that the population of
such neurons can be a part of the neural net which can
provide the description of the object position in differ-
ent reference frames (Andersen e.a., 1993). The notion
of different reference frames for spatial description is
connected with the peculiarity of each sensory system.
They describe space in different coordinates: vision —
in retinal coordinates, auditory and vestibular system
— in head coordinates, proprioreception — in body co-
ordinates. Besides that there are notions of egocen-
tric coordinates which describe extrapersonal space rel-
ative to �Self�; allocentric coordinates which describe

extrapersonal space relative to some features of outer
space irrelative to �Self� (so called �place cells� in hip-
pocampus); coordinates of the visual image; language
reference frames to describe spatial object position us-
ing language. To perform description of the stimulus
position in reference frames of higher order (e.g. ego-
centric coordinates or allocentric one) it is necessary to
integrate the information from different sensory modal-
ities.

It is supposed here that the spatial descriptions
in different reference frames performed by system
�Where� can be considered as a levels of segmentation
of spatial information. Our data on latency of saccadic
eye movements are evident in favour of this assump-
tion. Subjects participated in experiments had to fixate
light emitted diode which was switched on in 20 angle
deg. horizontally from fixation point. Experiment was
performed in two conditions: (1) the head movements
were prohibited and (2) the head was unrestrained, and
eye movements were accompanied by head movements.
Data analysis shows that mean latency of eye move-
ments for the 1st condition is significantly lower (to 29,3
ms) than for the 2nd one. It means that the time used
for eye movements organization in this two conditions
differed, however the eyes performed one and the same
shifts in space (in a case of head movement partici-
pation in gaze shift vestibuloocular reflex changes eye
position accordingly to head movement to provide ac-
curate fixation). Consequently head movements which
are more latent then eye movements change the time
of preparation of eye movements. It can be explained
by the suggestion that common program for eye and
head movements is formed. This program takes into
account not only target and eye positions (as in the
case of the 1st condition), but head position also. The
target position is described in the reference frame fixed
relative to trunk, not relative to head as in the case of
eye movements not accompanied by head movements.
Additional experiments revealed that the choice of ref-
erence frame (fixed relative to head or trunk) depends
on target position relative to head; the transition from
one reference frame to another has probabilistic char-

*Research supported by RFBR � 06–06–80–152a, 06–04–49488-a.
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acter (Bobrova e.a., 1991; Bobrova, Podvigin, 1993).
The task demand can also influence the choice of ref-
erence system as it was shown for pointing movements
(Ghafouri e.a., 2002).

The notion that space description in different ref-
erence frames can be considered as different modules
or segments of spatial description of the word and of
organization of spatial behavior makes possible to de-
velop the notion of internal models which are consid-
ered as one of the main principles of brain functioning.
Internal models are neural mechanisms which simulate
the dynamic behavior of motor system in planning, con-
trol, and learning, including sensory-motor integration
(Wolpert e.a., 1995). Theoretical and experimental in-
vestigations revealed modular structure of internal mod-
els (Kawato, 1999). The modules of internal models are
some �building blocks�; its combination gives a possi-
bility to solve complicated problems of control in differ-
ent behavior situations (these modules do not coincide
with Mountcastle’s cortical modules, but form neural
nets which consist of elements, possibly Mountcastle’s
cortical modules, distributed through brain structures
(distributed coding)). Internal models are supposed to
provide not only sensorymotor integration and learning,
but also communication, mind, and cognition (Kawato,
1999). The notion about modularity of internal mod-
els can be compared with the concept of modularity of
mind by G. Fodor and M.Minsky.

Mussa-Ivaldi (1999) suggested to consider modules
of internal models connected with motor control as
�motor primitives� (like primitives in vision and in nat-
ural or artificial languages). Neural nets which provide
activation of fixed synergies of leg muscles are primitives
(modules) of the level of spinal cord. Higher-order prim-
itives (modules) are suggested to be �mirror neurons�
in frontal lobes (area 5) which form the �vocabulary�

of actions (Rizolatti, Arbib, 1998).
Spatial descriptions in different frames of reference

are suggested to be the other level of modularity — level
of spatial segmentation. Morphologically it is the level
of posterior parietal associative cortex. At this level the
reference frames can be considered as modules for spa-
tial perception and action which are chosen using both
mechanisms of attention and information about behav-
ior context to create descriptions of sensory situations
and to organize actions.
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BIOSIMULATION OF THE DYNAMICS OF THE BEHAVIORAL
SEGMENTS DURING FALLING ASLEEP*
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1JSC �Neurocom� (Moscow, Russia)
2Institute of Higher Nervous Activity and
Neurophysiology, RAS (Moscow, Russia)

Waking and sleep are generally accepted as parts of
the entire state with temporary predominance by one of
them. During falling asleep, the balance between pro-
cesses which regulate waking and sleep shifts to a pre-
dominance of activity of sleep mechanisms. It is known
that a sleep-wake transition has not got certain moment
of falling asleep but appears a long-lasting cyclic process
which terminates by sleep stage 2. We tried to simu-
late interrelationship between waking and sleep systems
during the transition periods. Behavioral segments been

isolated which relate to correct and incorrect psychomo-
toric performance, and corresponding to the states of
wakefulness and �sleep� by their electrophysiological
characteristics.

Methods

Psychomotor testing. The subject was sitting in a
dark room with eyes closed counting to himself 1-sec in-
tervals; he subsequently performed 2 series: ten counts
with simultaneous button pressings, then five counts
loss (Dorokhov et al. 2000). During 40 minutes he
continuously repeated such series. Monotonous and
uninterrupted characteristics of the test have induced
drowsiness and appearance of errors 3–10 minutes since
the beginning of the experiment.

*Support: Russian Foundation For The Humanities, Grant �05–06–06280a.
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Experiment. 70 subjects were used at the age of
17–68 years, 42 of them were men and 38 women. To-
tal amount of experiments was 263; 6700 fragments
have been isolated with correct and incorrect test per-
formances.

Data analysis. Both behavioral and electrophysi-
ological features have been used to identify behavioral
segments with correct and incorrect (error) test perfor-
mance following the development of drowsiness.

Results

Static simulation. Analysis of experimental distribu-
tions of the segments with the correct (waking) and

incorrect (�sleeping�) test performance revealed that
they could be simulated by a curve of density of distri-
butions which represents a superposition of 2 exponen-
tial distributions. That means the periods of wakeful-
ness and �sleep� could be divided into 2 states differ
in their duration as a long and a short ones.

Dynamic simulation. The result obtained give an
opportunity to describe the process of transition from
waking to sleep as a system possessing 4 possible states
(behavioral segments) with Markov-like casual transi-
tions between them.

1 2 3 4
λ1 λ2 λ3

λ4

µ1 µ2 µ3

µ4

Fig. 1. A diagram of four sleep-waking states during the transition period. Circles 1 and 3
are the states of a long and short waking, and circles 2 and 4 are the states of a long and
short �sleep�, consequently. Letters λ1,2,3,4 and µ1,2,3,4 mark the intensity of transitions
from one state to another. Arrows indicate the direction of a transition.

Simulation of such a system using Kolmogorov dif-
ferential linear equations gives a probability of presence
of each of the subjects at one of the four behavioral

segments for the subsequent time intervals. Some re-
sults of solution of these equations for mean values of
the parameters are shown in tables 1 and 2.

Table 1. Mean time spent in each of four states (behavioral segments) and
the range of changes of this parameter in a group of subjects.

1 — long waking Mean time = 193 c, range: 101–485 c
2 — short �sleep� Mean time = 14 c, range: 9–21 c
3 — short waking Mean time = 34 c, range: 15–132 c
4 — long �sleep� Mean time = 146 c, range: 57–269 c

Table 2. Values for λ1,2,3,4 and µ1,2,3,4 (see: fig. 1) intensity of transitions
from one state (behavioral segments) to another (mean values for all the
subjects).

λ1 λ2 λ3 λ4 µ1 µ2 µ3 µ4

0.0049 0.025 0.0051 0.00023 0.0087 0.065 0.0061 0.00077

As it is seen from the table 2, the transitions between
short �sleep� and short wakefulness were the most fre-
quent ones because parameters µ2 and λ2 which de-
scribe these transitions are of the highest value. Practi-
cally zero values of the parameter λ2 mean the absence
of transitions from long waking to long �sleep�. This
phenomenon is reflected by a dotted arrow at the fig. 1.
Hence, prolong sleep of a subject develops only through
an intermediate states of a short �sleep� 2 and short
waking 3.

An important result of this study is the demonstra-

tion of an opportunity to isolate separate states (be-
havioral segments) of waking and �sleep� using their
behavioral and electrophysiological features as well as
simulation and qualitative estimation of probabilities of
the transitions from one state to another. We sup-
pose that subject’s perception of his continuous state
during falling asleep despite cyclic alternation of wak-
ing and �sleep� quanta might be explained by the in-
tegrity property of consciousness which makes transi-
tions from waking state to drowsiness uninterrupted and
subconscious. A normal time-course of process of falling
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asleep is due to this integrative property of conscious-
ness (�stream of consciousness�) despite important and
heterochronous reorganizations in regulatory systems of
waking and sleep followed by rebuilding of activity of
different functional systems of the organism. Distur-
bances of this mechanism of consciousness lead to clin-
ical demonstrations of such kinds of sleep pathology, as

insomnia, narcolepsy, etc.
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A recent study by the authors (Fenk-Oczlon & Fenk
2005) revealed surprising correspondences in the rhyth-
mic organization of language on the one hand and mu-
sic on the other: In both these cultural(?) achievements
the sequence of �pulses�— syllables in language, notes
in music — is organized in segments of the same �size�,
i.e. in the region of 5 rather complex or 10 very simple
syllables within a clause or 2 seconds and in a region of
6–11 notes within a musical phrase or 2 seconds. The
interpretation of these correspondences refers to the ar-
gument that singing is the most original form of mu-
sic, so that the breath cycle — and the coordinated(?)
�clausal structure� of those cognitive processes pro-
gramming and controlling the shape of intonation units
— also shapes the possibly younger form of instrumen-
tal music. A look at the still very common form of
music, where instruments — especially �rhythmic� in-
struments like drums or rattles — accompany singing,
might illustrate the intimate relationship between vocal
and instrumental music.

In the present study we want to contribute further
and more detailed arguments regarding the number of
elements (A) per unit (phrase or clause) and especially
the duration (B) of these segments.

Ad A

Thom, Spevak & Höthker (2002) analysed the Essen
Folk Song Collection, a corpus of more than 6000 mostly
European folk songs. They tried to determine the num-
ber of notes per musical phrase. The segmentation pro-
cess was guided by the idea to make the phrase not too
short (otherwise it would be a motive) and not too long
(otherwise it would be a musical period). In this point
the division is to some extent subjective. The result of
the statistical analysis was a range of 5.7 to 14.4 notes
per phrase. In the subset of children’s songs the range
was 7 plus minus 1.3.

Further evidence for a possible interaction between
speech rhythm and musical rhythm comes from ethno-
musicology. Kolinski (1959) reports that the average
tempo, i.e. the average number of notes per second,
shows a considerably variation among different cultures
and languages. For instance about 2 to 2.5 notes per

second in his sample of North American Indian lan-
guages, and 4 to 5 notes per second in Dahomean, an
African language. This amounts to a range of 4 to 10
notes within a span of 2 seconds.

Ad B

Martin (1972) assumes that a rhythmic pattern or a
prosodic unit consisting of up to seven syllables often
corresponds to breath groups. But what is the duration
of these prosodic units and of their basic element, the
single syllable? If one takes a mean 2 sec-duration of
the clauses for granted, the duration of the syllable can
be estimated simply mathematically with the number
of syllables obtained in our cross-linguistic studies (e.g.
Fenk-Oczlon & Fenk 1999). This results in a mean sylla-
ble duration of 200 msec in Japanese up to 400 msec in
Dutch, or 10 syllables within a 2 sec period in Japanese
and 5 syllables in Dutch.

Gigler (in preparation) studied 9 dialogues
(Carinthian dialect; a total of 1055 intonation units)
and found a mean length of 6.04 syllables and 1.373
seconds per intonation unit, i.e. a mean of 227 msec
per syllable.

Chu & Feng (2001) analyzed a huge corpus contain-
ing 13,000 sentences of Mandarin speech. They report
245 msec as the overall mean duration of syllables; more
than 99.5 % of all syllables were between 100 and 500
msec. And Kegel (1990) concludes from a series of
psycholinguistic experiments that 100 to 500 msec are
necessary for the processing of syllables.

Studies with musicians showed a rather �elastic�
amount of reading ahead, with a maximum of 8 notes
(Gabrielsson 1999:510f). And typically, �a good sight-
reader will execute a note about 2 sec after reading it.�
(Sloboda 1982:485)

A time span of about 2 sec is not only known
as a characteristic of musical and linguistic segments
(see our arguments in B and Chafe’s 1987 descrip-
tion of intonation units), but also from psychology (cf.
Fraisse’s 1982 �psychological present� or Baddeley’s
1986 �phonological loop model�) and psychophysics:
Lavoie & Grondin (2004: 198) found that, contrary to
the constant predicted by Weber’s law, the Weber frac-
tion is larger at 2 sec than at 0.2 sec and argue that this
might �be due to the fact that 2 s is beyond a temporal
span limit for processing information.�
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$p&) 73& �$37"4`73&"$� c 3 c+3$p&3 b#"&l7$#( 7"7U)4#41
g4 E a#UU 4p a0 $p& #"4#T& b#"&l7$#(4  c $p&4& +"#$4 #4
3#(p a#$p 4$37#"�4`&(#y( #"c 3l7$# "1

i4#"! %&34# "4  c  "&� 7"T $a �T#l&"4# "7U _j
7U! 3#$pl40 a& 4&!l&"$ $p& 5&p7%# 3 #"$ 7 %73#&$)  c
7TT#$# "7U +"#$4 4+(p 74 &d(+34# "4 c3 l 7 p l& 574&0
a7UU�(+34# "40 7"T #"(+34# "4 #"$ $p& (&"$&31 _7(p  c
$p&4& +"#$4 p74 3&`U#(75U&0 4$37#"�4`&(#y( `3 `&3$#&41
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T#4$#"($# " 5&$a&&" `3 4`&($#%& 7"T 3&$3 4`&($#%& 4p 3$
_ki41

sp& l 4$ c3&x+&"$ $)`&  c U�C�U?��FD? 4p 3$ _ki4
73& (�9#& #��%�#0 $p7$ #40 c7+U$) 7$$&l`$4 $ ( "4$3+($ 7
(U7+4&;

O.P 1 1 1 O91uP � S \��	 �� 1 1 1 O91uP g"T E ��
� � ���� �� �� g"T #" l) 3  l 7 a� ��
� ��
� ������� \����1 g"T 7 a#"T a a74  `&"1

Some languages prolifically employ anticipatory top-
ics, that is, noun phrases that establish the forthcom-
ing clause’s frame of reference but are not among the

clause’s participants per se. Such instances are found
in Russian, too:

O8P 11O91/P S�	�>�� ���0 11O91/P sp& 3755#$0
1 1 1 O91HP �� ��
 � \
��1 1 1 1 O91HP #$ a74 #" $p& c 3&4$1

However, in Russian the anticipatory topic construc-
tion is not fully grammaticalized and on some occasions
can hardly be distinguished from a false start (the re-
latedness of these two phenomena was pointed out still
in Chafe 1976)3.

Retrospecfive short EDUs, as a rule, also consist
of prosodically independent noun phrases (or prepo-

sitional phrases), but these complement an already
formed clause in a post factum manner. The most
widely spread kind of such EDUs are the instances of
echo, that is, doubling of a clause constituent by an
analog that somehow specifies this constituent, for ex-
ample:

O/P 11O91/P � � D���� S D�����
 ���	0 11O91/P g"T $p&" E w+l`&T $p&3&0
11O91/P R	 ��� ªª \�� R	 \��D�����0 11O91/P 5&p#"T $p& 3 � ªª a&UU 5&p#"T $p& 3 4& 5+4p0

Almost as frequent are the instances of extension,
or incrementation, of an already formed clause; these
happen when the speaker belatedly adds an additional

semantic component to a clause, such as, for example,
goal of movement:

OJP B S ����� � �����
	 �	��[��� 11O91JP \���������1 g"T 4+TT&"U) E 47a E b#"T  c 7 11O91JP 5 d1
11O91/P � S �	������ \�����1 11O91/P |#$p 7 3#55 "  " $ `1

There is a superficial resemblance between retro-
spective extensions and another kind of short EDUs,
parcellations. In the latter case the speaker detaches a
clause constituent into a prosodically independent EDU

because otherwise too much new information would turn
out in one EDU, and that would be too difficult to pro-
cess �in one gulp�. The last line in (5) illustrates such
parcellation:

OHP S��� S D����
��0 E T3&7l&T0
>�� S � S��	
	 �	 \D��R��1 $p7$ E a74 3#T#"! #" 7 $37#"1
= ������� S ��
	 1 1 1 O91:P R�
��	� \�D�
��	�	0 E" ap#(p $p&3& a74 7 !3&&" l&7T a0
�( S ����	�	�� � 11O918P \D���� ������1 a#$p l+4p3  l4 7"T %73# +4 4$+l`41

3Chafe W. L. 1976 — Givenness, contrastiveness, definiteness, subjects, topics, and point of view // C. Li (ed.) Subject and topic.
”— N.Y.: Acad.Press, 1976. P. 25–55.
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Many patterns of EDU formation are universal, and
that includes patterns of canonical, long and short
EDUs. However, the specific distribution of EDU types
is variable and depends on language and discourse genre.
In particular, a corpus study of an epic saga in Pulaar,
a West African language, revealed that the same EDU
types must be posited as in Russian narrative discourse.
The percentage of canonical EDUs appeared very sim-
ilar in both corpora; it ranged between 3/4 and 4/5.
However, the frequency of long and short EDUs turned

out very different:

6+44#7" 4$ 3#&4 2+U773 47!7
h "! _ki4 u� 89�
'p 3$ _ki4 88� 8�

In the paper criteria of EDU identification will be
discussed, including grammatical structure and a num-
ber of prosodic features: accents, tone dynamics, tempo
and loudness changes, and pausation.

SPECIAL PURPOSE SOFTWARE FOR THE DETECTION OF
T-PATTERNS: THEME

Magnus Magnusson

University of Iceland (Reykjavik, Iceland)

The detection of t-patterns even in small data may be
quite demanding. For example, in a behavior record
with one hundred primitives (each occurring at least
twice), at the first level 100*100 critical interval rela-
tionships have to be considered, but if many of these
are significant hundreds or more two-element patterns
are produced and added to the data. Then at the next
levels critical intervals between all these and with the
primitives must be computed, so quickly comparisons
run into millions. To deal with the combinatorial ex-
plosions that may otherwise easily arise, all detected
patterns also have to be compared to weed out the less
complete ones.

THEME also detects the various other phenomena
derived from the t-pattern such as t-bursts, t-markers,
t-paths, t-associates, t-frames, and t-packets. This is
the primary task of Theme, but a considerable part of
the software helps with the analysis and use of the de-
tected patterns, which is done both through visual and
statistical means.

THEME can thus automatically analyze a large
number of dataset in a single run It provides for each
data set various tables concerning absolute and relative
frequencies of detected patterns and produces a table
where each line lists the values of various parameters
useful concerning notably the levels and the number of
primitives involved in each pattern (called the length of
the pattern). The linking of primitives through patterns
is also analyzed and diagrams and tables are produced.

Such tables and many others can easily be read and
analyzed using standard statistical software. Strong ef-
fects of independent (experimental) variables have often
been detected in such tables when no such effects were
detected using the initial data without t-pattern detec-
tion.

The main functions of the software are presented and
discussed including a new powerful simulation method
for critical interval detection that is at the heart t-
pattern detection. This new method was developed es-
pecially for the demanding task of analyzing interactions
within a population of 200 simultaneously monitored
neurons. Examples of results of t-pattern detection with
THEME are also presented.

APPROXIMATE RELATIVE SYMMETRY IN BEHAVIOR:
T-PATTERNS IN REAL-TIME STREAMS OF BEHAVIOR

Magnus Magnusson

University of Iceland (Reykjavik, Iceland)

This paper concerns a view of the structure of real-time
streams of behavior as repeated, temporal patterns of a
particular kind called t-patterns. An instance of a par-
ticular pattern of this kind consists of a particular set
of behavioral primitives (verbal and / or nonverbal) oc-
curring in a particular order and / or concurrently with
characteristic intervals between them. Such pattern in-
stances are frequently composed of simpler patterns of
the same kind as when a ceremony that is composed of
simpler routines even if the whole ceremony may also be
seen as just one series of simple events, or a written sen-
tence as a series of letters, but also as a series of words

and / or higher level common word combinations; well
level having well recognized units that may be combined
into higher level patterns in various ways. With only a
few letters or phonemes, hundreds of thousands of dif-
ferent often repeated words and word combinations may
be created. T-patterns are thus hierarchical patterns of
patterns etc. just like phrases, and as phrases their in-
terpretation and effects (meaning, function) depend on
the particular words involved, the temporal aspects of
their production (performance) and the general context
in which they occur. Other t-patterns are more natu-
rally compared to various cyclical phenomena in behav-
ior. A typical characteristic of complex t-patterns such
as ceremonies and verbal �t-frames� (such as if .. then
.. else) is that various other behavioral unit types may
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occur in various numbers between the defining pattern
components during different instances of the same pat-
terns (ceremony or t-frame). Moreover, like the use of
particular words and word combinations, the existence
of particular t-patterns and / or their relative frequen-
cies may be useful for profiling; individuals, interactions
or groups.

While this view of repeated patterns in behavior
seems in good accordance with traditional views, the
main interest here is the possibility of hidden cases, that
is, the possible existence of patterns of this kind that
are not directly detectable by unaided observers. This
possibility, which now seems clearly verified at various
levels of organization from neurons to humans, thus re-
quires some artificial means of detection. To achieve
this through computational means a suitable definition
is required.

In the current t-pattern definition the �character-
istic interval� above becomes relatively invariant time
distance, which is defined as a particular relationship
between two time point series A and B, called a criti-
cal interval relationship (CIR), where significantly more
often than expected by chance, points (ta) in A are fol-
lowed by one or more points in B within a particular time
window [ta + d1, ta+d2] where 0<=d1<=d2. As a
practical approximation aimed at detection, a t-pattern

is defined as a binary tree of CIR’s where the termi-
nals are primitives in the above sense. Each t-pattern
may thus be composed of sub-patterns that themselves
occur independently.

The bottom-up detection algorithm searches level-
by-level for all CIR’s between primitives or patterns de-
tected during the search process and gradually builds
higher patterns. As numerous significant binary CIR-
trees may correspond to the same t-pattern, this can
lead to multiple complete and / or partial detections of
the same underlying pattern. To deal with this the al-
gorithm uses an evolution approach where all patterns
compete for completeness where only the most complete
version of each underlying pattern is kept (for equally
complete versions only the first detected).

In this context some questions are raised that may
be of importance for the unitization of behavior. No-
tably: Are the instances of the same t-pattern examples
of approximate temporal translation symmetry? The
structure of different instances of the same t-pattern
may have quite different internal intervals, like so many
cases of the same ceremonies and routines, but the re-
lationship is always the same; a CIR. Is it then useful
to consider relative translation symmetry? Could con-
sideration of behavioral t-patterns in terms of symmetry
and symmetry groups be productive and useful?

�INTERNAL� AND �EXTERNAL� HESITATION PHENOMENA IN
SPONTANEOUS AND READ SPEECH

N. D. Svetozarova

St. Petersburg State University

Discourse as spoken language and its written counter-
part are both �continuity and segmentation� processes.

Before concentrating on the facts of spoken lan-
guage I would like to make a point of the variety and
richness the markers of continuity and segmentation
possess, in writing; usually, this fact is underestimated
(Svetozarova, 2000).

Either over-continuous or over-articulated (and
wrongly so) speech makes for harder perception. A
speaker is obviously striving to an intuitively sensed
norm to be accepted positively by listener, especially
in public speech situations.

Minimal speech acts, such as monosyllabic or one-
word questions, answers and other communicative units
are usually separated from each other by special bound-
ary markers (speaker turns, pauses, prosodic boundary
markers, oral speech boundary markers; and punctua-
tion marks, capital letters, indention markers in writ-
ing):
— Ty? (You?)
— Net. (No).
— On?? (Him??)
— Da! (Yes!)

In discourse the nature of continuity (in addition

to various boundary markers) acts as a segmentation
means: well studied �comment clauses� or �comment
elements� can be indicated by generally reduced inten-
sity, accelerated tempo, a changed degree of stress:

Eto pismo dolzhno byt otoslano. (This letter must
be posted).

Eto pismo, dolzhno byt, otoslano. (This letter must
have been posted).

The main elements of topical structure, theme and
rheme, quite often need not be isolated as a separate
int unit group; it suffices to change tone direction to
identify either:

Ivan (/) uezzhaet v Moskvu. (Ivan is leaving for
Moscow (= As far as Ivan is concerned he is leaving for
Moscow)

Ivan (\) uezzhaet v Moskvu. (Ivan is leaving for
Moscow (= It is Ivan who is leaving for Moscow).

Sensible, natural and correct speech is a complex en-
tanglement of, at least, three segmentation lines, each
with its set of continuity and segmentation markers.

1. Intonation segmentation into intonation stretches
of minimal, medium and maximal types corresponding
to sense-units, the stretches of �speech-thought� ac-
cording to Lev Shcherba, and realizing a type of con-
nection between the neighboring elements of the speech
chain.
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2. The topical structure (sentence perspective) seg-
mentation into its theme and rheme, responsible for the
utterance-in-context information structure.

3. Hezitation segmentation which reflects the pro-
cess of utterance planning, including false starts, selec-
tion stumbling, self-corrections and the like.

The degree of clarity and strength with which either
articulation line is expressed is determined by a number
of factors. Thus, a speaker is free to exercise a more
detailed or united intonation segmentation of text; or
there may no topical segmentation in case of the so-
called mono-rheme; and the hesitation segmentation is
largely determined by a type of speech event, whether
unprepared speech or retelling or reading, or speaker’s
emotional state, as well as one’s personal speech styles:
there are people whose speech is practically devoid from
hesitation pauses.

The phonetic realization of the three articulation
types is highly variable and only partially overlapping
(see Fonetika spontannoj rechi, 1988). So, the classi-
cal exponent of the first type segmentation is a pause,
realized as a sharp break in sound or an abrupt change
of melody direction, or change of intensity or tempo.
The basic exponent of the second segmentation type
is accent structure, or �logical stress�; a characteristic
feature of the third type is filled pauses (non-phonemic
sounds, prolongations, word parts).

Speaker-oriented contemporary linguistics no longer
treats negatively hesitation phenomena of human
speech (see Shmelev, 2004). Studies of spontaneous,
i.e. unprepared, freely generated speech accompanying
the process of thinking and feeling is unthinkable with-

out analyzing hesitation markers, their origin, functions
and phonetic realization. They are also to be found in
reading, but this has not yet received its due attention.

The present paper is an attempt to find out the de-
pendence among the three segmentation types outlined
above; it also aims to demonstrate the specific features
of �internal�, within-contour hesitation pauses, both
filled and non-filled, and the �external�, overlapping
with phrase or syntagma boundary, tied up to a melody
and intonation nucleus type.

The study is based on S. Petersburg corpus of Rus-
sian spontaneous texts and correspondent samples of
reading, as well as data on other languages (Viola de
Silva et al 2003).

The analysis of 10 Russian speaker data has shown
substantial differences in quantity and quality of hesita-
tion phenomena in their spoken and read samples and
in the relation of hesitation segmentation to the into-
national and topical segmentation.
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WORKSHOP �EYE MOVEMENTS, COGNITION, AND
COMMUNICATION�
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HOW TO DESCRIBE LEVELS-OF-PROCESSING DURING A SINGLE
FIXATION USING THE EYE-FIXATION-RELATED-POTENTIALS
TECHNIQUE?

Thierry Baccino, Yves Manunta

University of Nice Sophia-Antipolis (Nice, France)

The paper presents a new methodology for studying
cognition that combines on-line eye-movements (EM)
and event-related potentials (ERP) to track the cog-
nitive processes that occur during a single eye fixa-
tion. This technique called eye-fixation-related poten-
tials (EFRP) has the advantage of coupling accurate
time measures from ERPs and the location of the eye
on the stimulus, so it can be used to disentangle percep-
tual / attentional / cognitive factors affecting reading.
We tested this new technique to describe the controver-
sial parafoveal-on-foveal effects on reading, which con-
cern the question of whether two consecutive words are
processed in parallel or sequentially. The experiment
directly addressed this question by looking at whether
semantic relatedness on a target word in a reading-

like situation might affect the processing of a prime
word. Three pair-word conditions were tested: a se-
mantically associated target word (horse-mare), a se-
mantically non-associated target word (horse-table) and
a non-word (horse-twsui), EFRPs were compared for all
conditions.

The results revealed that early ERP components dif-
ferentiated word and non-word processing within 119 ms
postfixation (N1 component). Moreover, the amplitude
of the right centrofrontal P140 varied as function of
word type, being larger in response to non-associated
words than to non-words. This component might index
a spatial attention shift to the target word and its visual
categorization, being highly sensitive to orthographic
regularity and �ill-formedness� of words. The P2 con-
secutive component (peaking at 215 ms) differentiated
associated words and non-associated words, which can
account for the semantic parafoveal effect.

Fixation Fixation

OffsetOnset
N2N2 P1P1

∅∅

68 119 216 260

Word Form Word Meaning

msAmplitude
Non Asso

Asso/Asso
>

>

Non-Word
Non-Asso

When we plotted all these results on a timeline (see
graphic above), it appeared that the EFRP technique
was very fruitful for establishing a time line of early cog-
nitive processes during reading and helps us to describe

more precisely what happens during a single fixation du-
ration. The EFRP technique plays like a zoom into a
fixation.
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THE ROLE OF SPATIAL MEMORY IN GUIDING ATTENTION
DURING NATURAL VISION

Ran Carmi, Laurent Itti

University of Southern California (Los Angeles,
USA)

Paying attention to the right thing at the right time un-
derlies the ability of humans and other animals to learn,
perceive, and interact with their environment. A central
unresolved question is the time frame in which spatial
memory guides attention, with current estimates rang-
ing from a single fixation (1–3) to seconds (4–6), min-
utes (7), or even days (8). Here we answer this question
by revealing the time course of attentional selection dur-
ing natural vision. We asked human participants to vi-
sually explore either continuous or scene-shuffled video
clips, and quantified the impact of memory-free influ-
ences on overt attentional selections (saccades) based
on a computational saliency model (9, 10). Over-
all, scene shuffling resulted in no significant differences
in the impact of memory-free influences compared to
continuous viewing. However, abrupt scene transitions
(jump cuts) led to sharp peaks in the impact of memory-
free influences, which then declined progressively across
7 fixations for up to 2.5 seconds. These results indi-
cate that visual exploration of dynamic scenes critically
depends on spatial memory traces that persist across
several fixations for up to a couple of seconds.

(A) Schematic of continuous and MTV-style clips.
Colored squares depict video frames. Different colors re-
flect semantically unrelated dynamic scenes (clippets).

(B) Saccades that straddle an MTV-style jump cut
(mtvclip04, participant JR). The temporal offset be-
tween the saccade initiation times was 431.4 ms, during
which JR smooth-pursued the fixated person who was
moving to the right due to a leftward camera pan (the
camera was stationary when the second saccade was
initiated). Superimposed markers (yellow) depict eye-
position prior to saccade initiation (filled circle), sac-
cade trajectory (arrow), and saccade target (ring). Up-
per filmstrips show the instantaneous input frames at
the time of saccade initiation. Lower filmstrips show
the corresponding saliency maps.

(C) Saccade probability, pooled over all participants
and clips from the continuous (left) and MTV-style
(right) groups, as a function of normalized saliency at
saccade target. Red and blue vertical bars represent the
random and human saccade histograms, respectively.
Bottom-up impact was measured based on the saliency
model using the Difference of Histograms (DOH) met-
ric, which quantifies the human tendency to saccade
towards salient locations. Numbers above histograms
depict the mean DOH ± inter-participant s.d.

Figure 1. Continuous and MTV-style Experiments.

(D) Bottom-up impact as a function of average time
to saccade from the last jump cut (blue circles). Sac-
cades were pooled over all jump cuts, and binned into
consecutive 250 ms intervals. Vertical and horizon-

tal sides of error boxes depict the bootstrap s.d. of
DOH values based on 1000 subsamples, and the s.d.
of the average time to saccade, respectively. Shaded
backgrounds indicate time periods in which participants
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were increasingly more sensitive to bottom-up influ-
ences. Light background indicates the time period in
which top-down influences played an increasingly more
dominant role in guiding attention. Black bars depict
the number of saccades in each temporal bin. The same
analyses was performed based on saccade index and led
to similar results.
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NEW RUSSIAN LANGUAGE VERSION OF AN EYE MOVEMENT
ADAPTATION OF THE REVISED TOKEN TEST FOR
INDIVIDUALS WITH APHASIA*

Brooke Hallowell1, Hans Kruse1, Victor
Markovich Shklovsky2, Maria Ivanova1,
Marina Emeliyanova2

1Ohio University (Athens, Ohio, USA)
2Federal Center for Speech Pathology and
Neurorehabilitation (Moscow, Russia)

Introduction

When traditional linguistic comprehension test items,
requiring overt responses (verbal, gestural, or graphic),
are administered, motoric and perceptual deficits can be
confounding factors. Consequently, distinguishing com-
petence from performance may be problematic when
appraising linguistic comprehension deficits in patients
with neurological impairments. Incorrect responding
or failure to respond on traditional tests of linguistic
comprehension does not necessarily indicate a failure to
comprehend. Deficits in linguistic competence, there-
fore, may be overestimated. Use of a spontaneous non-
volitional eye movement response mode may improve
the accuracy of comprehension assessment in patients
who are difficult to assess.

Development of methods for assessing comprehen-
sion through eye movement responses has important im-
plications for research and clinical practice. Potential
advantages of applying an eye tracking method is that
it: offers an alternative, non-linguistic response mode to
provide information about intact comprehension ability
in patients who are difficult to assess; permits stimu-
lus adaptations to control for perceptual, attentional,
and oculomotor deficits; does not depend upon partici-
pants’ understanding of instructions prior to the presen-
tation of testing stimuli; does not tax auditory memory
by requiring participants to wait to respond to an au-
ditory verbal stimulus until the stimulus presentation is
completed; does not interrupt the comprehension pro-

cess with intervening verbal instructions, prompts for
responses, or demands for participants’ conscious plan-
ning of responses; permits a continuous record of pro-
cessing, simultaneous with the processing task; permits
testing a range of sentence types, lengths, and gram-
matical structures; and may yield important information
about prognosis for improvement and potential response
to treatment. Moreover, eye movements are often pre-
served even in patients with severe motoric and cogni-
tive deficits. The feasibility of assessing auditory and
reading comprehension with eye movement responses
has been demonstrated previously (Hallowell, 1999; Hal-
lowell & Katz, 1999; Hallowell, Wertz, & Kruse, 2002).

The purpose of the current study was to assess the
effectiveness of a new Russian language version an eye
tracking adaptation of the Revised Token Test (RTT)
(McNeil & Prescott, 1978). The RTT is a standard-
ized test of auditory comprehension for neurologically
impaired adults. Previous studies of English language
versions of an eye tracking adaptation of the RTT have
demonstrated the effectiveness of this method for as-
sessing both auditory and reading comprehension abili-
ties in language-normal individuals as well as individuals
with aphasia (Hallowell, Wertz, & Kruse, 2002; Hallow-
ell & Kruse, 2005). Demonstration of the method’s
validity in the Russian language substantiates the feasi-
bility of assessing language comprehension through this
novel approach, and will support future exploration with
patient populations.

Method

Participants. Forty adults with aphasia served as par-
ticipants in the study. Diagnosis of aphasia had been
previously documented via neuropsychological evalua-
tion and was confirmed using the Russian Language
version of the Bilingual Aphasia Test (Paradis, 1987).
Individuals with a history of cognitive developmental

*This work was supported in part by grant number DC00153–01A1 from the National Institute on Deafness and Other Commu-
nication Disorders and by Ohio University Research Incentive Funds.
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disability or psychiatric disturbance were excluded from
participation. All participants passed a vision, hearing,
and health history screening prior to inclusion.

Procedure. RTT stimuli were presented to partici-
pants in each of two conditions: pointing condition and
eye tracking. The eye movement condition was always
presented first in order to avoid participants’ percep-
tions that they should select a target image with their
eyes. The order of the reading and auditory conditions
was counterbalanced across participants.

Pointing Condition. A multiple choice version of
the RTT was created to allow for comparison with spon-
taneous eye movement responses. Russian translations
were performed using the stimuli developed by Hallowell
& Kruse (2005). These stimuli are based on shortened
forms of the first eight subtests of the RTT, with five
trials in each subtest. Subtests nine and ten of the RTT
were not included because they could not be replicated
in a multiple choice format. Participants were presented
the visual stimuli in a printed test manual and were in-
structed to point to the image that corresponded to a
digitized verbal message. For example, the pre-recorded
computer-presented verbal stimulus �The little green
circle is to the left of the big red square,� accompanied
a visual stimulus with an image in each quadrant. In
one quadrant the target stimulus was displayed, while
in the other three quadrants there were non-target foils
including controlled variations of the size, shape, color,
and directional terms employed in the verbal stimulus.

Eye Movement Condition. Participants viewed
the same visual stimuli presented in the multiple choice
pointing version, shown on a computer monitor rather
than in a test manual. They were not instructed to
�look at� anything in particular. Verbal stimuli, the
same as those used in the pointing condition, were pre-
sented simultaneously with the visual stimuli via com-
puter. Visual stimuli were presented for twice the du-
ration of verbal stimuli, plus two seconds, rounded up
to the nearest second. A remote Eyegaze pupil center /
corneal reflection system was used to monitor eye move-
ment. Custom analysis software was used to determine
fixation coordinates and duration, and to eliminate blink
artifacts.

Results

Group mean performance and standard deviations for
the pointing version subtests will be presented. Au-
ditory comprehension scores from the Bilingual Apha-
sia Test are correlated with pointing version scores in
within-participant comparisons. Mean proportional du-
ration of eye fixations allocated to target images in the
eye movement version is correlated with correct / incor-
rect scores in the pointing version. For those trials in
which patients performed correctly in the pointing con-
dition, the proportional amount of time that fixations
were allocated to target images in the eye tracking ver-
sion significantly exceeded chance expectations. These
results will be shown graphically.

Discussion

Results support the feasibility of employing eye move-
ments to index auditory linguistic comprehension.
These data suggest that the Russian language version
of the experimental eye tracking adaptation of the RTT
is a valid means to assess auditory comprehension in
Russian-speaking individuals with aphasia. Results sup-
port the feasibility of assessing language comprehension
through this new approach. Ultimately, the use of eye
movement methods may be appropriate for resolving the
competence versus performance dilemma that exists in
some patients with and without compromised commu-
nication.
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‘SEQUENTIALNESS’ IN VISUAL SCANNING

Chris Harris, Faith Budge

University of Plymouth (Plymouth, Devon, UK)

The evolution of the fovea forces the acquisition of high
spatial frequency information in extended visual scenes
to become a serial process. This is accomplished by
an alternating sequence of fixations and saccades called
‘visual scanning’. Understanding human visual scan-
ning patterns or ‘scanpaths’ and their relation to visual
scenes and cognition has a long and diverse history in ex-
perimental psychology. However, scanpaths for natural
scenes tend be stochastic and can be approximated by
Markov processes. In this study we examine scanpaths
as active filters for saliency and �sequentialness�. In
reading, most cultures use symbols spread linearly along
the page in rows or columns. Symbols have different im-
portance or contribution to overall meaning. However,
the information is not only coded in the N symbols, but
crucially also in the order of the symbols, and there are
N! sequences each coding different information. The
usual reading behaviour is to foveate each symbol in
turn to acquire the meaning of the overall written se-
quence. The point is that there is �sequentialness�
in the features and there up to N! distinguishable se-
quences.

Now consider natural scenes of stationary features.
Information is coded in the features and their spatial
arrangements, but we surmise that there is no infor-
mation in the order of the features. It is possible, of
course, that the features could be fixated in different
orders and that some orders might be more efficient (in
some metric) than others, but the same information is
available in any order. In other words, there may be N!
ways of ordering N features, but these permutations are
not distinguishable in terms of information content.

We propose that scanning is a communication chan-
nel acting as salience and ‘sequence’ filter for cognitive
processes (with or without top-down control). That is,
fixations not only select features in the scene but may

also impose sequence on the features. For reading, the
best scanpath would be to place successive words (fea-
tures) into the writer’s order, which is achieved more-
or-less by the fixating successive words (provided the
reader and writer agree on the symbols and the direc-
tion of text). The intriguing question is how does a
scanpath convey information in natural scenes about
features, perhaps with different saliencies but separately
from any sequential information?

We show that a 1st order Markov process could
achieve this. Here, the saliency of a feature could
be coded as the steady-state probability of fixating the
feature (eigenvector), and the sequentialness could be
coded as the transition probabilities. Although not in-
dependent (the eigenvector depends on the transition
probabilities), there would be many sequential depen-
dencies for a given saliency map. A complete lack of
sequentialness would occur when the number of tran-
sitions between any two features is the same in both
directions, which corresponds to a reversible 1st order
Markov process.

We examine empirically human scanpaths for differ-
ent scenes. We revisit 1st Markov chains and examine
transition frequencies. We show that in many cases
scanpaths are close to a 1st order Markov chain with
symmetric frequency transition matrices, indicating re-
versibility and that scanpaths are indistinguishable in
reverse time (at least at a coarse level of scene subdi-
visions). For comparison we examine reading to show
the expected lack of reversibility. We discuss in a non-
mathematical way how expectation (top-down) and the
visual scene (bottom-up) may interact to yield the com-
plex stochastic scanpaths observed in humans.

We conclude that the fovea may not have evolved in
response to selective pressure for increased visual reso-
lution, but may have evolved in response to the advan-
tages of cognitive processing of sequential visual infor-
mation.

‘FUNCTIONAL FOVEA’ REVISITED: ON THE TEMPORAL
RELATIONSHIP OF ATTENTIONAL SHIFTS AND EYE
MOVEMENTS

Jens R.Helmert, Sebastian Pannasch,
Boris M. Velichkovsky

Technische Universität Dresden (Dresden,
Germany)

Based on Posner’s cueing paradigm (Posner, 1980)
quite a large number of studies investigated the rela-
tionship between visual attention and eye movements
(e.g. Hoffman, 1995, Deubel & Schneider, 1996) Most
of these studies led to the conclusion that eye move-

ments are preceded by attentional shifts thus guiding
saccadic targeting. Models of visual attention based on
these results predict best perceptual representation of
the external world during movement preparation (�vi-
sual attention model�, VAM, Schneider, 1995). The
paradigms in use were criticised for the unnaturalness
of single saccade programming motivated by arbitrary
instructions and the attention biasing effects of cues
in such experiments (Fischer, 1999; Eimer, 1997). To
overcome these methodological problems experiments
were set up using sequential eye movement tasks like
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reading or visual search. Here, support for the hypoth-
esis of visual attention preceding eye movements was
less obvious. Explicit doubts concerning the strengths
of VAM’s prediction come from experiments in more
natural settings. Firstly, a study (Velichkovsky, 1995)
reported on the cooperation of experts and novices on
a puzzle task. They were free to communicate ver-
bally, and in one third of the trials experts’ eye fixations
were projected on the screens thus allowing the expert
to guide the novice which piece was to be taken next
just by showing them with their eyes. In retrospect ex-
perts reported difficulties to �catch their eye positions�
because whenever the decision of making an eye move-
ment to an intended location became conscious the eye
marker was already in place. Secondly, Tatler (2001) in-
vestigated the ability of reporting the content of the last
fixation. Therefore, he asked participants to prepare tea
in a kitchen whilst eye movements were recorded. At
unpredictable points in time the light was turned off and
subjects’ task was to report as precisely as possible the
object they saw just the moment the light turned off. At
odds with predictions coming from VAM, subjects never
reported objects being a possible target of the next fix-
ation. Instead, the shorter the time of the last fixation
was, the higher the chance that the previously viewed
object was described.

Taking these findings together, we conducted two
experiments to investigate the temporal relationship of
eye movements and attentional shifts. Subjects’ task
was to study circularly arranged pictograms in a clock-
wise manner on the screen. On unpredictable points in
time the task was interrupted. In Experiment I, par-
ticipants then successively had to state at which loca-
tion their eyes had been when inspection was finished
(‘where’) and which of the pictograms the content of
the last fixation was (‘what’). The order of ‘where’ and
‘what’ questions was completely randomised. However,
no differences were found in answer probabilities for the
previous, the actual and the next pictogram based on
the question asked. Dividing all trials upon fixation time
on the last pictogram into three equal parts (inspection
time: short, middle, long duration), a significant advan-
tage for reporting the previous pictogram was found for

the short duration.
In Experiment II, the principal methods used were

the same as in Experiment I with only small changes.
An additional type of question was introduced (‘where /
what’) and in every trial only one question was pre-
sented. Again, trials were divided into three categories
of inspection time. Here, we find strong differences in
answer probabilities for the question type as well as for
inspection time. There is a clear polarisation of ques-
tion type and inspection time. For short inspection time,
were high when ‘what’ questions were presented. In con-
trast, for long inspection time answer probabilities for
the next pictograms were high when presenting ‘where’
questions.

Based on the results of these two experiments the
task dependency of measures of attentional allocation
is addressed. The terms of ‘attention’ and ‘conscious-
ness’ will be discussed in the framework of multilevel
architecture for cognition.
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SEARCH AREA EDGES AFFECT VISUAL SPAN SIZE AND
SACCADE DIRECTION

Ignace Hooge, Eelco Over, Casper
Erkelens

Universiteit Utrecht (Utrecht, The Netherlands)

Introduction. Observers usually make saccades to di-
rect the fovea to potentially relevant parts of the visual
environment. Many visual search tasks involve areas
with well-defined boundaries between relevant and irrel-
evant parts of the field of view. Therefore, industrial

designers often apply physical boundaries to facilitate
search (example: a surrounding line may group switches
on the front panel of audio equipment). However, edges
are not always beneficial to visual search. One object in
the visual field may hinder the perception of other ob-
jects. This effect is known as lateral masking or crowd-
ing (Kooi, Toet, Tripathy & Levi, 1994).

In this study we focus on the influence of luminance
boundaries on human search behavior. We expect two
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possible effects of boundaries: 1) Fixations usually are
made within the search area. The boundaries there-
fore may affect saccade direction. 2) If boundaries de-
teriorate perception of targets, we expect subjects to
spend more time in the area near the boundaries, be-
cause during search for inconspicuous targets fixation
times increase, saccade amplitudes decrease and fixa-
tion density increases (Jacobs, 1986). In a visual search
task with luminance-defined search areas of three differ-
ent shapes and random area orientations (Figure 1) we
looked at both search performance and eye movement
behavior. We will introduce a model that aims to ex-

plain the main findings of this search experiment.
Methods. Orientation of the right eye was mea-

sured with an induction coil. Subjects sat in front of a
19’ monitor at 41 cm. Five male subjects participated
in this experiment. The search areas were randomly ori-
entated equally sized gray squares (diameter = 20◦),
gray triangles (31◦) or gray circles (23◦) on black back-
grounds (Figure 1). Each stimulus display contained
0 to 7 targets (small crosses). Subjects indicated the
detection of each target by pressing a button. Each
condition consisted of 60 trials. Trials of all three con-
ditions were presented in a randomly mixed design.

Figure 1. Stimuli.

Figure 2. Saccade direction histograms. Outer circles rep-
resent a relative frequency of 10%.
Bin size: 15◦.

Results. We divided all stimuli in a center and
an edge region. Fixation duration was not affected by
region [ANOVA, F(1,4)=0.18, p=0.68] or search area
shape [ANOVA, F(2,8)=0.01, p=0.99]. All subjects
showed a significantly higher fixation density in the edge
region compared to the center region [t-tests, all T¿4.7,
p¡0.001]. Surprisingly, mean saccade amplitude was
larger in the edge region compared to the center re-
gion [F(1,4)=78.25, p¡0.001]. This may be explained
by the simple fact that saccades can be larger in the
edge region than in the center region. Search times for
targets in the edge region were longer than search times
for targets in the center region. We determined saccade
direction with respect to the sides of the square and
triangle (Figure 2). The plots seem to represent a kind
of signature for each subject. Further investigation of
the histograms showed that saccades are mainly made
along the sides of the search areas.

The model. We constructed a model of exhaustive
search. We added the concept of visual span to this
random search model with memory and applied the rule
that spans are not allowed to overlap each other. Vi-

sual span near the edge is 50% of the visual span in the
center of the search area (Figure 3). We took this value
after doing a control experiment in which we measured
the visibility of targets as function of the distance to a
luminance edge. The visibility eccentricity of a target
near the edge is about 50% of the visibility eccentricity
of a target at 2.4◦ of the edge. This fixation model gen-
erates saccades until the whole search area is inspected
exactly once (Figure 3). The model mimics the main
experimental results: 1) it produces higher fixation den-
sity in the edge region compared to the center region,
2) it produces saccades that are mainly along the edges
of the search areas and 3) saccade histograms of the
model resemble these of the subjects (Figure 4, best
fitting span size 56% (ak, eo and ih), 48% (mb) and
16% (rw)).

Discussion & Conclusion. Search area edges af-
fect visual span size, fixation density, saccade direction
and search performance. The concepts of variable span
size (here ratio 2:1) and non-overlapping randomly cho-
sen locations of fixation are minimal requirements for
replicating these findings by a simple model.
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On the one hand, edges have a global beneficial
property for visual search: they mark the area wherein
the target is to be found. On the other hand, edges also
may have a local detrimental property, namely the mask-

ing effect they have on targets nearby. We suggest that
search area edges should be taken into account when
saccade patterns in natural stimuli are interpreted.

Figure 3. Example of a model simulation

Figure 4. Saccade direction histograms produced by the

model. The numbers above refer to the relative size of the

visual span.
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THE EFFECTS OF TRANSCRANIAL MAGNETIC STIMULATION
ON SMOOTH PURSUIT AND SACCADIC EYE MOVEMENTS

Sam Hutton, Samantha Otero, Brendan
Weekes

University of Sussex (Brighton, East Sussex, UK)

BACKGROUND: Transcranial Magnetic Stimulation
(TMS) is a non-invasive technique that allows specific
areas of cortex to be disrupted transiently. As such
it provides researchers with a powerful too with which
to examine brain-behaviour relationships. Single pulse
TMS has been used extensively for studying fast sac-
cadic eye movements, but the highly transient nature
of the disruption is not suitable for investigating slower
smooth pursuit eye movements, or the complex ongoing
cognitive processes involved in performing tasks such as
the antisaccade. Low frequency (¡ 1.0 Hz) repetitive
TMS has been shown to reduce excitability slightly in
the area of cortex under the stimulation site for sev-
eral minutes, and may therefore have some advantages
over single pulse TMS as a tool with which to study the

cognitive and neural systems involved in the volitional
control of eye movements. In this study we describe
the first experiment to use an �off-line� low frequency
rTMS technique to explore the role of the posterior pari-
etal cortex in smooth pursuit and saccadic eye move-
ments. Attentional processes have traditionally been
closely linked to the production of saccadic eye move-
ments, but their role in the control of smooth pursuit
eye movements remains unclear.

METHOD: We tested 12 participants on two sep-
arate occasions. On each occasion we measured pro
and antisaccade performance as well as smooth pursuit
eye tracking before and after 6 minutes of 1Hz rTMS
delivered at 90% of motor threshold. During the ex-
perimental session rTMS was delivered over the pos-
terior parietal cortex, and during the control session it
was delivered over the motor cortex. Session order was
counterbalanced across participants.

RESULTS: We found that low frequency rTMS over
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the posterior parietal cortex led to a significant reduction
in smooth pursuit velocity gain, a reduction in prosac-
cade latencies and a significant increase in the percent-
age of antisaccade errors (reflexive eye movements to-
wards a sudden onset target despite the instruction to
look in the opposite direction). There were no effects
of rTMS over the motor cortex.

CONCLUSIONS: Posterior parietal cortex plays an
important role in mediating smooth pursuit eye tracking
and volitional saccades. The results support recent re-

search that has begun to challenge the traditional view
that pursuit and saccadic eye movements are subserved
by largely distinct neural systems. Low frequency of-
fline rTMS is a potentially useful tool with which to
explore the neural systems involved in oculomotor con-
trol. We are currently examining its effects over other
relevant regions such as the frontal eye fields and V5,
and are developing novel �saccade contingent� stimu-
lation techniques.

EXPLICATION OF CONSCIOUS PERCEPTION: THE EVOLUTION
OF THE ATTENTIONAL LANDSCAPES APPROACH

Markus Joos, Sascha Weber, Boris
M. Velichkovsky

Technische Universität Dresden (Dresden,
Germany)

For quite a long time eye tracking has been used as
a means to measure the locus of overt attention, re-
vealed by the scan patterns of the eyes. Nevertheless
has it remained a critical task to analyze and visual-
ize the tremendous amount of eyetracking data, espe-
cially with the advent of modern video based eyetrack-
ing technology. For this reason Velichkovsky, Pomplun,
& Rieser (1996) developed a methodology which they
termed ‘attentional landscapes’, using it e.g. as an im-
age filter in order to disambiguate the perception of am-
bigious images (Pomplun, Ritter, Velichkovsky, 1996).
6 years later the concept reapeared as ‘fixation maps’
(Wooding, 2002) and was used to visualise the average
perception of a very large group of viewers of paintings.

The underlying assumption of ‘attentional land-
scapes is that foveal vision extends to ∼2◦ of visual
angle, with acuity highest at the fovea centralis and
decreasing towards the periphery to nearly zero. This
depreciation of acuity may be represented by a 2 di-
mensional gaussian curve on top of the viewed stimulus.
Summing up theese 2 dimensional gausian distribution
functions results in an attentional landscape which if
applied as a filter for the original stimulus results in an
image (‘Sinnbild’) with the unique properties of direct-
ing third persons’ attention to areas where the original
viewer(s) had allocated most attention.

In this talk we want to present some enhancements
to this original approach: Despite its appealing char-
acteristics attentional landscapes have never been used
as a means to statsitically proove interindiviudal differ-
ences in viewing behaviour. We will present statistics
developed in the field of geodesy and demonstrate how
these can be applied to attentional landscapes in order

to derive statistically sound interpretations of the simi-
larity (or dissimilarity) of interindividual perceptions of
visual scenes. In addition we have expanded the at-
tentional landscapes approach to dynamic stimuli like
videos. In addition we will demonstrate how attentional
landscapes can be used in applied cognitive research
areas like usability testing or marketing research in or-
der to overcome otherwise unresolvable questions. One
question in usability research might be why an appropri-
ate link or a menu item has not been pursued. Atten-
tional Landscapes can help to disentangle whether this
has been due to visual properties or a misinterpretation
on a higher cognitive level. In marketing research the
differential perception of target groups are of high in-
terest. Attentional landscapes can be used to visually
show these differences, by computing difference land-
scapes and using these as a filter algorithm in order
to manipulate the original stimuli which then have the
same properties mentioned above, but in this case draw-
ing third viewers’ attention to attention differences of
the target groups.

We conclude our talk with an outlook into the pos-
sible future evolution of the attentional landscapes ap-
proach.

References:

Pomplun, M., Ritter, H. & Velichkovsky, B. M. (1996).
Disambiguating complex visual information: Towards com-
munication of personal views of a scene. Perception, 25(8),
931–948.

Velichkovsky, B. M., Pomplun, M. & Rieser. H.
(1996). Attention and communication: Eye-movement-
based research paradigms. In W.H. Zangemeister, S. Stiel
& C. Freksa (Eds.). Visual attention and cognition. Ams-
terdam / New York: Elsevier Science Publisher.

Wooding, D. S. (2002). Fixation maps: Quantifying
Eye-Movement Traces. In: Eye Tracking Research and Ap-
plications Symposium Proceedings (ETRA, New Orleans,
LA, 2002), ACM.



516

SCENE-SENTENCE CONGRUENCE AND STRUCTURAL
AMBIGUITY RESOLUTION: EYE TRACKING READING

Pia Knoeferle, Eric Auer, Matthew
W. Crocker

Saarland University (Saarbruecken, Germany)

One model that makes predictions concerning the time
course of sentence-picture verification processes is the
Constituent Comparison Model (CCM) (Carpenter and
Just, 1975). The model has largely been developed on
the basis of response latencies observed in sentence-
picture match / mismatch verification tasks. It pre-
dicts longer response latencies for a sentence-picture
mismatch than for a match, and a serial, pair-wise inte-
gration of picture- and sentence-constituent representa-
tions. End of sentence response latencies, however, do
not reveal the time course of comprehension. The few
verification studies that have used a more continuous,
eye tracking, method offer limited insights into incre-
mental processes since they only report total sentence
reading times (e.g., Underwood, Jebbett, & Roberts,
2004). It is gaze times in individual sentence regions,
however, which psycholinguistic research has established
as a reliable measure for incremental processing. For
spoken comprehension in scenes, per-word gaze analyses
have revealed an incremental integration of utterance
and scene information. A recent study monitored eye
movements in depicted events during comprehension of
initially structurally ambiguous spoken utterances that
described depicted events (Knoeferle et al., 2005). In
German, both subject-verb-object (SVO, (1))/ object-
verb-subject (OVS, (2)) orders are grammatical; the
SVO order is preferred (Hemforth, 1993).

(1) Die Prinzessin wäscht den Pirat. ‘The princess
(amb.) washes the pirate (ACC).’

(2) Die Prinzessin malt der Fechter. ‘The princess
(amb.) paints the fencer (NOM).’

Sentences (1) and (2) were structurally ambiguous
up to the second noun phrase. For early disambigua-
tion, listeners had to rely on the verb that related to
one of two depicted events (a princess washing a pirate;
a fencer painting that princess). For the SVO sentences,
the verb matched the action of the princess. For OVS
sentences (2), in contrast, the verb rather matched the
fencer-painting action. The rapid use of the events for
structural disambiguation and thematic role assignment
was evidenced by more looks to the patient (the pirate)
for SVO (1) than for OVS (2), and more inspection to
the agent (the fencer) for OVS (2) than SVO (1) sen-
tences, shortly after people had heard the verb.

In the present study, we tested whether word-by-
word analyses of gaze pattern reflect such incremen-
tal use of scene and sentence information also during
reading of initially structurally ambiguous SVO / OVS
sentences that relate to simultaneously depicted events.
Materials were identical to those from Knoeferle et al.
(2005) with the addition of a congruence condition: the

sentences either matched or mismatched the event de-
piction (e.g., for (1) and (2), the mismatch would re-
sult from a concurrent image showing a pirate washing
a princess while the princess paints the fencer). There
were four conditions: SVO match, OVS match, SVO
mismatch, and OVS mismatch. The task was to decide
whether or not scene and sentence matched. Partic-
ipants’ eye gaze was monitored throughout image and
sentence presentation. An overall 74 percent of all trials
resulted in a correct response. We only report data for
correct-response trial since we cannot be certain that
people understood the sentence for trials with false re-
sponses.

There are two key findings. First, in contrast with
findings from spoken comprehension, even a word-by-
word analysis failed to find evidence for a pair-wise
inspection of corresponding scene and sentence con-
stituents. Rather, people first read the entire sentence.
Only after they had read the second noun phrase did
they inspect the scene events. While this does not en-
tirely exclude the possibility that corresponding men-
tal representations of sentence and picture constituents
(e.g., verb-action) are integrated in a pair-wise fashion,
it is clearly different from the temporally coordinated in-
tegration (hearing a verb, then inspecting the relevant
event) that studies on utterance comprehension have re-
vealed. Second, we find an important similarity between
attention to the events during utterance comprehension,
and after reading the sentence. For both modalities, we
found an interaction between SVO / OVS and target
character (agent, patient) in the scene: For matching
SVO sentences, we observed a higher number of inspec-
tions to the patient (pirate) than for matching OVS sen-
tences. For matching OVS sentences, in contrast, there
were more inspections to the agent (fencer) than for
matching SVO sentences.

This suggests some modality-related difference in
the temporal aspect of scene-sentence integration dur-
ing written and spoken comprehension. When sentence
and scene information are acquired via separate modali-
ties (audition and vision, respectively), there is a tempo-
rally coordinated integration of corresponding utterance
and scene constituents. In contrast, when sentences are
written, and sentence and scene have to be acquired
via the same modality (visual perception), the acquisi-
tion of sentence and scene representations takes place
serially. What is similar between both modalities, how-
ever, is the informational aspect in which the compre-
hension of SVO / OVS sentence types is influenced by
scene events, as evidenced by similar gaze patterns in
the scene.
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PARALLEL ACTIVATION IN BILINGUAL LANGUAGE
PROCESSING: EVIDENCE FROM EYE-TRACKING

Viorica Marian, Henrike Blumenfeld,
Margarita Kaushanskaya

Northwestern University (Evanston, USA)

Understanding how the human brain can represent two
different languages at once is important not only for
understanding bilingualism, but also for understanding
the human language capacity in general. Early accounts
of bilingual language processing posited that the brain
had an �input switch� that could activate one language
(i.e., the target language) and deactivate the other (i.e.,
the non-target language), but this was challenged by
recent evidence suggesting that bilinguals accessed in-
formation in the non-target language even when its use
was not necessary. For instance, priming studies showed
that when reading words with similar spelling, but dif-
ferent meanings in the two languages, bilinguals ac-
cessed both word meanings. While there is ample evi-
dence of non-target language activation during target-
language processing, it is possible that this activation
is an artifact of salient non-target language informa-
tion contained in target-language input. In the present
research, cognitive and linguistic aspects of bilingual-
ism were examined in completely monolingual settings
by indexing bilinguals’ eye movements during language
processing. We will start the talk with an overview of
the methodology and the research paradigm, to illus-
trate how eye-tracking can be used to index activation
of a non-target language, while the crux of the presen-
tation will focus on empirical data from bilingual eye-
tracking studies. In a series of four eye-tracking ex-
periments with Russian-English bilinguals, it was found
that phonologically-overlapping auditory input activated
both languages in parallel during spoken language pro-
cessing. That is, when instructed to pick up an ob-
ject such as a marker, Russian-English bilinguals fre-
quently made eye movements to a stamp (the Russian
word for stamp is marka), suggesting parallel activa-
tion of both languages at early stages of word recog-
nition. Moreover, circumstances in which bilinguals
were presented with both cross-linguistic competitors
and within-language competitors were also examined
and bilinguals’ performance was compared to that of
monolinguals. Results revealed that both bilinguals and
monolinguals experienced competition from English lex-
ical items overlapping with an English target item (e.g.,
spear and speaker). However, only bilingual speakers

experienced competition from Russian competitors over-
lapping cross-linguistically with an English target (e.g.,
spear and spichki, Russian for matches). English mono-
linguals treated Russian competitors as they did any
other filler items, further confirming the reliability of the
parallel activation phenomenon during bilingual spoken
language processing. Bilinguals showed activation of
the first language during second language comprehen-
sion, as well as activation of the second language during
first language comprehension, but the extent of paral-
lel activation varied depending upon bilinguals’ relative
proficiency and frequency of use of the two languages.

The same cross-linguistic competitor paradigm was
used to study the role of proficiency and degree of
cross-linguistic overlap in processing, while extending
this research to other bilingual populations. During
English word recognition, parallel activation of non-
target German words was probed in German-English
bilinguals who were more proficient in the non-target
language and in English-German bilinguals who were
less proficient in the non-target language. English-
German bilinguals showed reliable activation of the non-
target language when processing cognates (e.g., English
hen, German Henne), but not when processing non-
cognates (e.g., English bike, German Fahrrad). This
finding suggested that the use of cognate targets (i.e.,
words that are highly similar across languages) boosted
co-activation of a less proficient language. However
German-English bilinguals who were more proficient in
the non-target language were found to reliably acti-
vate the non-target language when processing both cog-
nates and non-cognates. This finding suggested that
a more proficient non-target language was consistently
activated. The duration of phonological overlap be-
tween target words and cross-linguistic competitors was
also manipulated. Findings for both bilingual groups re-
vealed sensitivity to the degree of phonological overlap
when cognate targets were used, but not when non-
cognate targets were used. This effect of phonological
overlap between languages on their parallel processing
was incremental, with higher overlap resulting in more
robust activation patterns. These findings suggested
that the extent of parallel language activation during
bilingual auditory word recognition was modulated by
lexical structure, in addition to proficiency in the two
languages and degree of cross-linguistic overlap.

Finally, to examine the role of phonological overlap
during written language recognition, Russian-English
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bilinguals and English monolinguals were tested on the
Picture-Word Interference task modified for use with
an eye-tracker. We capitalized on the partial overlap
of the Cyrillic and the Roman alphabets to manipu-
late written input, where distractor words were (1) Rus-
sian words containing letters common to both alpha-
bets, but mapping onto different phonemes in the two
languages (e.g., COCHA), or (2) words containing let-
ters idiosyncratic of the Roman alphabet, but mapping
onto the phonological representation of Russian words
(e.g., SASNA). During an English picture-naming task,
Russian-English bilinguals were found to look more at
both types of distractor words than at control stimuli
that did not constitute viable words in Russian. More-
over, both types of stimuli interfered with naming of pic-
tures in English. These results suggested that phonol-

ogy of the non-target language was activated automat-
ically during visual word recognition in the target lan-
guage, even for written stimuli that carried conflicting
letter-to-phoneme mappings for the two languages, or
for stimuli that did not carry orthographic information
for the non-target language. The use of eye-tracking
in conjunction with a picture-naming task allowed to
examine pre-lexical attention devoted to non-target lan-
guage words, as well as the effect of non-target language
activation on post-lexical access in the target language.

Together, these studies provide convincing evidence
that bilinguals activate both of their languages simulta-
neously during monolingual language comprehension in
the auditory and visual modalities and support parallel
accounts of bilingual language processing.

VISUALLY MEDIATED SPEECH PRODUCTION IN ENGLISH AND
RUSSIAN

Andriy Myachykov, Simon Garrod

University of Glasgow (UK)

It has been demonstrated that attention to the entity
precedes lexical access (Meyer et al. 1998). It is less
clear how attention interplays with the linguistic code
during production of full-fledged syntax, although cer-
tain syntactic regularities may be related to attentional
focus. For example in English, attention to the referent
facilitates assignment of the grammatical subject, trig-
gering choice of word order (i.e. Tomlin 1995; Nappa,
et al. in press). However, other reports suggested that
neither perceptual nor conceptual salience could alone
predict the ordering of the sentence constituents (Grif-
fin & Bock 2000). Also, a study using Russian (My-
achykov, et al. 2005; Myachykov & Tomlin, submitted)
demonstrated that, at a certain processing cost, rich
case grammar and word order preference might override
the influence of the attentional focus and result in a bias
for the canonical structure regardless of the manipula-
tions of attention. A similar interaction between the lan-
guage grammar and the perceptual analysis in a visually
mediated production task was observed in a recent ex-
periment with Greek (Trueswell 2005). The current set
of experiments comprises the norming stage of a project
aiming at further analysis of the interface between at-
tention and syntax in English and Russian. We used a
design similar to Bock, et al. (2003). There were two
consecutive tasks to perform: (1) to name the referents
presented alone, which provided us with the time mea-
sure of lexical access and a pattern of eye fixations to
the referents not involved in action; (2) to describe ex-
temporaneously simple transitive interactions between
the same referents. The participants’ narratives were
recorded time-locked to their eye-tracking data. No ex-
ogenous cues were used allowing the speakers to arrive
at any word order available in their language. We, how-

ever, expected the referent’s agenthood to act as an
endogenous cue, which would influence the choice of
sentential subject. To avoid other salience factors, the
entities were controlled for size, colour, animacy, and
the position of referent presentation (i.e. left or right of
the picture).

The data were analyzed in terms of the syntactic
structure, the patterns and the time-course of eye fix-
ations, and the speech onset latencies. These three
sources of data were tested separately and in correla-
tions. The languages under analysis revealed important
similarities. In both languages, canonical SVO order was
preferred to all other possible structures in over 90% of
trials. It seems plausible that in the absence of other
cues, the referent’s agenthood was used as an implicit
cue and drove assignment of the grammatical subject.
The resulting preference for agent-driven SVO was re-
vealed by the incremental cascade production process, in
which the agent area was the first to attract subjects’ at-
tention. Participants then proceeded to the event area,
finally — to the patient. Such sequence of fixations par-
alleled and preceded the production of syntax (cf. Grif-
fin & Bock 2000). However, this sequence was preceded
by a separate rapid apprehension sequence of short fix-
ations, which usually proceeded from the event area to
the agent and, finally, to the patient. The initial gazes
to the event area seemingly allowed speakers to quickly
extract information about the referents’ roles. As speak-
ers’ attention was then attracted by the agent area sug-
gests that the subsequent descriptions were biased by
the event apprehension toward agent-initial SVO. The
duration of these gazes was comparable between the
two languages prompting non-linguistic explanation of
event apprehension process. The speech onset laten-
cies, however, were on average 470 msec. longer for the
Russian-speaking participants. This may reflect longer
syllabic structure of nouns used by Russian speakers to
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name the event referents.
Finally, the measurement of eye-voice span (Griffin

& Bock 2000) was used to analyze the coupling between
the speech related gazes and the production of referent
names. The eye-voice span is the temporal distance
between the last fixation to the referent area and the
onset of the corresponding name. In our English study,
the eye-voice spans for subject and object nouns were

shorter (∼ 550 msec) compared to the data reported by
Griffin and Bock (∼ 900 msec). This can be explained
by the participants’ prior exposure to the referents in
the naming task, which could increase accessibility of
relevant names. The eye-voice spans produced by the
Russian participants were significantly longer (∼ 800
msec), which can be related to the longer words used
by the participants to describe the task referents.

A NOVEL ASSOCIATION BETWEEN PUPIL SIZE AND
RECOLLECTIVE EXPERIENCE DURING RECOGNITION MEMORY

Samantha Otero, Brendan Weekes, Sam
Hutton

University of Sussex (Fishersgate, Sussex, UK)

An advantage of modern video-based eye movement
recording techniques is that pupil size can be recorded
simultaneously with gaze position. Previous research
into the effect of non-luminance factors on the pupil-
liary response has focused on relatively non-specific fac-
tors such as �arousal� or �cognitive load�. Despite
widely held beliefs about pupil-size increasing as a func-
tion of sexual or emotional arousal, there is surprisingly
little solid evidence demonstrating that this is the case.
More consistent evidence suggests that pupil size can
increase as a function of cognitive load, or mental effort
(Minassian, Granholm, Verney & Perry, 2004). One pre-
vious study (Maw & Pomplun, 2004) noted that pupil
size increased during a recognition memory task when
the participant was viewing famous faces compared to
non-famous faces. This raises the possibility that pupil
size may also provide a psychophysiological index of
recognition memory processes. An important question is
whether this increase in pupil size only occurs for famous
faces, or whether it can be observed for recognition of
other stimuli, in other contexts. We measured maxi-
mum and mean pupil size during the recognition phase
of a �false recognition memory� paradigm. During an
initial encoding phase, 16 participants viewed nine lists
of nine words. The words in each list were items of a
particular semantic category (e.g. body parts / modes
of transport). After a brief retention interval partici-
pants were asked to give memory judgments for words
in nine new lists, each of which contained two words
from a list seen before in the encoding phase, four se-
mantically related new words and four unrelated new
words. This paradigm produces reliable �false recogni-
tion� responses in healthy young participants, whereby
the novel semantically related �critical distractors� are
often falsely recognised as being �old�. In addition
to making a decision as to whether each item in the
recognition test was old or new, if participants thought
an item was old they were asked to indicate whether
they consciously �remembered� seeing the item being
presented during the encoding phase, or whether they
�knew� the item was old, but did not have a specific

recollection of it being shown previously. This �Remem-
ber / Know� distinction is widely used in the recogni-
tion memory literature as an index of whether recog-
nition memory was reliant on a conscious, �explicit�
recollective process, or whether it occurred via a more
automatic, �implicit� sense of familiarity.

Maximum pupil size was significantly higher when
participants viewed genuinely old words compared to
when they viewed genuinely new words. Importantly,
maximum pupil size for critical distractors that par-
ticipants falsely recognised as being old was interme-
diate, but still significantly smaller then for genuinely
old items. Crucially, items that were �remembered�
elicited much larger pupil sizes than items that were
�known� at test. As genuinely old items were more
likely to be �remembered� than critical distractors, this
finding suggests that increased pupil size may serve as
an index of explicit recollection, not simply recognition.

We are currently following up this important finding
with a series of experiments designed to determine the
role of cognitive load (e.g. �is recognition that is based
on a recollective experience more cognitively demanding
than recognition based on a sense of familiarity?�) and
�emotional� factors such as confidence.
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COARSE-TO-FINE EYE MOVEMENT STRATEGY IN VISUAL
SEARCH

Eelco A. B. Over, Ignace T. C. Hooge,
Björn N. S. Vlaskamp, Casper J. Erkelens

Utrecht University (Utrecht, the Netherlands)

Introduction. Oculomotor behavior contributes impor-
tantly to visual search. Saccadic eye movements can
direct the fovea to potentially interesting parts of the
visual field. Ensuing stable fixations enables the visual
system to analyze those parts. The visual system may
use fixation duration and saccadic amplitude as opti-
mizers for visual search performance. Here we question
whether eye movement search strategy depends on the
observer’s knowledge of the target and search stimulus.
Scinto, Pillalamarri and Karsh (1986) analyzed the time
courses of fixation duration and saccade amplitude dur-
ing a search task in visually homogenous fields. They
found that fixation duration increased and saccade am-
plitude decreased with time. They suggest this should
be considered as a strategic adaptation to the demands
of the task. Following the suggestion by Scinto and col-
leagues, we expect a constant time course for fixation
duration and saccade amplitude when the demands of
the task are well known, and increasing fixation dura-
tion and decreasing saccade amplitude when they are
unknown. In the latter case, the difficulty of finding
the target in each trial cannot be known in advance
and if search continues to be unsuccessful eye move-
ment parameters have to be adjusted to a setting for a
less conspicuous target. Methods. In experiment 1 we
analyzed the time course of fixation duration and sac-
cade amplitude during visual search for targets in natural
scenes. The target was one of nine possible (sometimes
camouflaged) military vehicles, photographed from vari-
able distances. Thus, the demands of the search task

were unknown in advance. In order to perform opti-
mally, we expected observers to dynamically adjust eye
movement parameters to the difficulty of the trial at
hand, starting with the assumption that the target is
easy to find. We recorded eye movements from 21 sub-
jects in 136 trials. In experiment 2 we analyzed fixation
duration and saccade amplitude during visual search for
an O amidst C’s. There were twelve blocks of trials,
each with a different combination of distracter gap size
and number of distracters. The target and distracters
were identical in a block of trials so that the demands of
the task were well known in advance. The only unknown
parameter was the target’s location in a hexagonal grid.

Results. Figure 1 shows the time courses of fixa-
tion duration and saccade amplitude observed in 65,000
saccades and fixations from experiment 1. Saccadic
amplitude decreased and fixation duration increased
gradually as a function of the serial order of saccades
and fixations, both conform the coarse-to-fine strategy.
In experiment 2 we normalized saccade amplitude by
the mean saccade amplitude per block because inter-
element distance varied with the number of distracters.
The first 10% of trials of each block were considered
practice trials. Surprisingly, the 162,000 saccades and
fixations showed similar coarse-to-fine time courses as
for experiment 1 with unknown task demands. In both
figures, the first fixation duration does not comply with
the coarse-to-fine hypothesis. Longer durations of the
first fixation have been found before (Hooge & Erke-
lens, 1996). For saccade amplitude, the decreasing time
courses start after about 10 saccades. In figure 2(b)
the first two saccades are larger because subjects often
started searching in one of the corners of the screen
instead of in the center, which was where they were
fixating when the stimuli appeared.

Figure 1. Ordinal mean fixation duration (a), and ordinal mean saccade amplitude
(b), for the search experiment with unknown task demands. Error bars indicate
standard errors of the means.

Discussion. The coarse-to-fine strategy is more pro-
nounced when the demands of the task are (partially)
unknown, especially for fixation duration (increase of
43% when demands are unknown versus 22% when they

are known, after about 80 fixations). The decreases of
saccade amplitude differ less (33% when demands are
unknown versus 20% when they are known, after about
80 saccades). The coarse-to-fine eye movement strat-
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egy is an effective way to find a target when the target
demands are unknown in advance. Little effort is re-
quired when the target is easy to find, and the task can
be completed quickly. If the target appears to be harder
to find, more effort is required, as is shown by longer fix-
ation durations and smaller saccade amplitudes. When

the demands of the task are well known however, ap-
parently the same coarse-to-fine strategy is used. We
hypothesize an intrinsic coarse-to-fine strategy for eye
movements in visual search that is even used when it is
not optimal.

Figure 2. Ordinal mean fixation duration (a), and ordinal mean normalized sac-
cade amplitude (b), for the search experiment with well-known task demands.
Error bars indicate standard errors of the means.
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COGNITIVE AND AFFECTIVE INFLUENCES ON EYE
MOVEMENTS IN SCENE PERCEPTION

Sebastian Pannasch, Jens R. Helmert,
Boris M. Velichkovsky

Technische Universität Dresden (Dresden,
Germany)

This talk will report on three recent studies dealing with
eye movements in different paradigms involving the per-
ception of natural scenes. Models of perception and
action often propose two systems of visual processing,
one variously named preattentive, ambient or dorsal and
the other attentive, focal or ventral (e.g., Trevarthen,
1968; Velichkovsky, 1982; Norman, 2002). Surpris-
ingly, this distinction has never been considered with
respect to the major output of �the visual system�, i.e.
eye movements. Results from recent studies in our lab
(Velichkovsky, Joos, Helmert, & Pannasch, 2005) have
shown that ambient processing is related to relatively
short fixations followed by long saccades whereas focal
processing can be related to long fixation durations fol-
lowed by short saccades.

Firstly, an experiment will be presented (Unema,
Pannasch, Joos, & Velichkovsky, 2005) where subjects’
task was to view images of computer rendered interiors
of rooms. Objects in the images (eg. picture, printer,
books, CDs etc.) were arranged in 4×4 rectangular grid.
Thus, the density of the images was varied resulting in
half of the pictures containing eight vs. sixteen objects,

respectively. Results show that the development of fix-
ation durations and saccadic amplitudes over the period
of inspection can be modelled with a quite simple ex-
ponential growth curve with two parameters. Thereby
the slopes for fixation duration and saccade amplitudes
are reverse: While the fixation duration increases over
the first few seconds, the saccade amplitudes decrease
over time. The data of the present experiment sup-
port indirectly the hypothesis of selective influence of
ambient and focal processing. Eye movements at the
beginning of an exploration of a scene, conform to the
dorsal (ambient) mode as they demonstrate a specific
pattern of large saccades and shorter fixations. Later,
more object-oriented, i.e. ventral (focal) mode of pro-
cessing is apparent — saccades in parafoveal range of-
ten involve longer fixations. This means that separate
visual fixations do not contribute to conscious percep-
tion in the same way.

In a second experiment, we aimed to investigate in-
fluences of the task in terms of the levels of processing
approach (Craik & Lockhart, 1972) on the gaze be-
haviour. In each trial, subjects were presented two im-
ages simultaneously arranged side by side. Prior to that,
they were briefed to examine the pictures on one of three
levels: colour, picture content or personal relationship
to the picture. After image presentation subjects had to
answer a question on the notified level before the trial
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(e.g. briefing colour: �Which picture contained more
blue?�, briefing personal relationship: �Which picture
made a more pleasant impression to you?�). The re-
sults showed a significant influence of briefing on the
gaze behaviour during the picture inspection. The levels
demonstrated no differences in the duration of fixations
but in the amplitude of saccades. Conclusions drawn
from these data are twofold: (1) saccade amplitudes
are important to differentiate ambient and focal pro-
cessing and (2) cognitive influences of the task rather
affect late than early components of scene processing.

And finally, a study is reported dealing with affective
influences on scene perception. Here, not only fixation
durations and saccade amplitudes were of interest, but
fixation positions, too. Using different ways of mood
induction (music, IAPS pictures [Lang, Bradley, Cuth-
bert, 1999]), in both cases the aim was to investigate
resulting influences on gaze behavior. Results from this
study will be presented in the framework of analysis of
two levels of visual processing.
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WHAT EYE FIXATIONS TELL US ABOUT PERCEPTION IN
CHESS?

Eyal M. Reingold

University of Toronto at Mississauga (Canada)

The reported research extends classic findings reported
by Chase and Simon (1973a, 1973b) and de Groot
(1965, 1966, 1978). These early findings demonstrated
that after viewing chess positions for five seconds, chess
masters were able to reproduce these positions much
more accurately than intermediate level and novice play-
ers. There was no difference as a function of expertise
when random board configurations were used indicat-
ing that the processing advantage of the skilled players
was not indicative of a general processing advantage.
Rather, Chase and Simon and de Groot interpreted this
advantage as indicating that chess knowledge is used
by experts to create meaningful chunks consisting of
several chess pieces, thus enabling them to encode the

board configuration more quickly and accurately. How-
ever, the evidence provided by previous research in sup-
port of this hypothesis is indirect, i.e., inferred from a
fairly complex recall task. The present research program
documented eye movement differences as a function of
chess skill in chess-related visual problem solving tasks.
If Masters perceptually encode chess positions more ef-
ficiently by relying upon larger chunks of related pieces,
the following predictions can be made: 1) Masters may
make greater use of parallel extraction of chess rela-
tions relative to Intermediate players, and 2) encoding of
chunks rather than individual pieces may mean fewer fix-
ations, and fixations between related pieces, rather than
on pieces. This also implies a greater use of parafoveal
processing by experts. The results provided strong sup-
port for these predictions.

CHANGE DETECTION IN POSSIBLE
AND IMPOSSIBLE PERCEPTUAL EVENTS

Eyal M. Reingold, Mackenzie Glaholt,
Ava Elahipanah

University of Toronto at Mississauga (Canada)

Participants in a series of experiments viewed 2 sec.
video clips while their eye movements were monitored.
The clips depicted collisions between 2 hockey players.

The clips were either played in the normal forward di-
rection or in reverse. Reverse clips are closely matched
to forward clips in terms of low-level perceptual char-
acteristics but they depict events that violate the laws
of physics (e.g., gravity) and consequently they are ex-
perienced as difficult to comprehend. Participants’ task
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involved detection of discontinuities in the clips created
by skipping or immediately repeating one or more video
frames. A gaze contingent display paradigm was used
to introduce theses discontinuities in real time either
during a fixation or during a saccade. The type of clip

(forward vs. reverse) had a strong effect on the detec-
tion of discontinuities but had no influence on partici-
pants’ ability to identify which of the 2 possible types
of discontinuities was presented.

THE COUPLING BETWEEN CONVERSANTS’ EYE MOVEMENTS

Daniel C. Richardson1, Rick Dale2

1Stanford University (USA)
2Cornell University (USA)

When two people discuss something in front of them,
what is the relationship between their eye movements?
In Richardson and Dale’s (2005) study, participants
talked extemporaneously about a TV show while viewing
pictures of its cast members. Later, other participants
listened to these monologues while viewing the same
screen. Cross-recurrence analysis revealed that the cou-
pling between speaker and listener eye-movements pre-
dicted how well the listener understood what was said.
This relationship between eye movements and verbal
communication was confirmed in a second study that
manipulated listeners’ eye movements and affected their
comprehension performance. In our current research,
we extended these findings by studying the eye move-
ments of two conversants engaged in a live, spontaneous
dialog. The participants talked to each other over the
telephone while viewing identical visual displays, and we
tracked the eye movements of both conversants simul-
taneously. A variety of tasks and conversation topics
allowed us to test specific hypotheses relating joint vi-
sual attention and linguistic processes. Our preliminary
results highlight the central role of grounding utterances
in the visual context.

Coordinating attention across a visual common
ground is essential for successful communication (Clark,
1996; Clark & Brennan, 1991; Schober, 1993). In col-
laborative tasks, conversants readily use gestures, ac-
tions and pointing to manipulate each other’s attention
(Bangerter, 2004; Clark, 2003; Clark & Krych, 2004),
and the ability to manipulate joint attention is thought
to emerge prelinguistically (Baldwin, 1995). In the cur-
rent studies, we used eye movements as a fine-grained
index of how speakers and listeners deployed their at-
tention within a visual ‘common ground’. This allowed
us to investigate the temporal coupling between con-
versants’ eye movements and to examine whether this
coupling is helpful to communication.

Richardson and Dale (2005) focused on cases in
which conversational partners are looking at a visual
scene that is the topic of the discussion. The situa-
tion is analogous to two people discussing a diagram on
a whiteboard, figuring out a route on a map, or talk-
ing during a movie. In the first study, the speech and

eye movements of one set of participants were recorded
as they looked at pictures of six cast members of a
TV sitcom (either ‘Friends’ or ‘The Simpsons’). They
spoke spontaneously about their favourite episode and
characters. One-minute segments were chosen and then
played back unedited to a separate set of participants.
The listeners looked at the same visual display of the
cast members, and their eye movements were recorded
as they listened to the segments of speech. They then
answered a series of comprehension questions.

Listener and speaker eye movements were coded as
to which of the six cast members was being fixated dur-
ing every 33 ms time slice. Cross-recurrence analysis
(Zbilut, Giuliani, & Webber, 1998) quantified the degree
to which speaker and listener eye positions overlapped
at successive time lags (see Figure 1). This speaker
X listener distribution of fixations was compared to a
speaker X randomized-listener distribution, produced by
shuffling the temporal order of each listener’s eye move-
ment sequence and then calculating the cross recurrence
with the speakers. This randomized series serves as a
baseline of looking ‘at chance’ at any given point in
time, but with the same overall distribution of looks to
each picture as the real listeners.

From the moment a speaker looks at a picture, and
for the following six seconds, a listener was more likely
than chance to be looking at that same picture. The
breadth of this timeframe suggests that speakers and
listeners may keep track of a subset of the depicted
people who are relevant moment-by-moment (Brown-
Schmidt et al., 2004). The overlap between speaker
and listener eye movements peaked at about 2000 ms.
In other words, two seconds after the speaker looked at
a cast member, the listener was most likely to be look-
ing at the same cast member. The timing of this peak
roughly corresponds to results in the speech production
and comprehension literatures. Speakers will fixate ob-
jects 800–1000 ms (Griffin & Bock, 2000; Meyer, Slei-
derink, & Levelt, 1998) before naming them, and lis-
teners will typically take 500–1000 ms to fixate an ob-
ject from the word onset (Allopenna et al., 1998). The
coupling between speaker and listener eye movements
was pervasive, suggesting that planning diverse types
of speech will influence the speaker’s eye movements,
and a few seconds later, hearing them will influence the
listener’s eye movements.
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Importantly, this coupling of eye-movements be-
tween speaker and listener was not merely an epiphe-
nomenal by-product of conversation. It played a func-
tional role in comprehension. When the overall pro-
portion of cross-recurrence between individual speaker-
listener pairs was quantified, the strength of the re-
lationship between speaker and listener eye-movement
patterns reliably predicted how many of the comprehen-
sion questions the listener answered correctly. This cor-
relation was supported by a follow-up study that exper-
imentally manipulated the relationship between speaker
and listener eye movements. Examples in visual percep-
tion and problem solving (Grant & Spivey, 2003; Pom-
plun, Ritter, & Velichkovsky, 1996) show that a low-
level perceptual cue can cause one person’s eye move-
ments to look like another’s, and as a consequence, af-
fect their cognitive state. We found that an abrupt
increase in stimuli intensity would attract attention. In
this way, we caused the listeners’ eye movements look
more like the speakers’, and influenced the listeners’
performance on comprehension questions.

Our current research studies two participants talking
spontaneously over the telephone while looking at the
same visual display. Both conversants are eye-tracked
simultaneously, and the same cross-recurrence tools are
used to quantify eye-movement coupling. Participants
were given a number of conversational tasks that al-
lowed us to investigate the relationship between visual
attention and discourse processes. Firstly, participants
were shown the same pictures of TV cast members as

used in Richardson and Dale’s (2005) monologue study.
This allowed us to discover differences in eye movement
couplings produced by two-way conversation. In another
task, participants were given either the same or differ-
ent background information about a Dali painting and
then asked to discuss it. We found that being primed
with the same information increased overall recurrence,
suggesting that bolstering the knowledge in common
ground allowed conversants to more easily coordinate
their attention. Finally, participants took part in three
rounds of the tangram matching task (Clark & Bren-
nan, 1991; Krauss & Weinheimer, 1964). Participants
see the same six abstract, humanoid shapes in differ-
ent orders. One participant is instructed to describe her
shapes in turn so that the other can find them. In the
first round, participants typically established descriptors
of the ambiguous shapes (e.g. ‘the dancer’, ‘the skier’).
This process of grounding and confirming descriptors
is reflected in the eye movement recordings. In later
rounds, these established ‘conceptual pacts’ (Clark &
Brennan, 1991) allowed efficient identification, and al-
tered the signature of the eye movement couplings.

In all of our studies, eye movement couplings reveal
an intimate relationship between discourse processes
and visual attention. Just as eye movements reflect
the mental state of an individual, the coupling between
a speaker’s and a listener’s eye movements reflects the
success of their communication. We conclude that look-
ing around the common ground in step with each other
is part of the process of mutual understanding.
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ATTENTION ON THE SPEED OF SIGHT*

Gyula Sáry, Tamás Tompa, Károly
Köteles, Zoltán Chadaide, and György
Benedek

University of Szeged (Szeged, Hungary)

The inferotemporal cortex (IT) of the monkey is the
last stage in the ventral visual stream. The cells in this
area exhibit stimulus selectivity and are essential for the
recognition of complex stimuli. Behavioral modification
of the neuronal responses in the different cortical visual
areas gained much attention recently. Socially relevant
cues are known to be processed more rapidly in IT, but
less is known about how IT cortical neurons change their
activity when behaviorally relevant stimuli are presented

to the animals. Two animals were trained to perform a
fixation task (FIX) and a discrimination task (DIS) with
a set of 20 color images.. In the fixation task the animal
was rewarded for keeping its gaze on the fixation spot.
In the discrimination task the animals had to decide on
the basis of the previous training whether the stimulus
just seen belonged to the left or to the right target.
The animals were rewarded after making a saccade to
the target spot on the correct side. The only difference
between the conditions was the colour of the fixation
spot and the attentional demand.

We calculated the net firing rate (response-
baseline), sparseness index to compare selectivities, and
response latency times using a version of the Poisson
spike train analysis.

Figure 1. Time-histogram of one cell from each monkey. The dashed
line represents the discrimination.

We studied the activity of 114 cells from two mon-
keys in the two tasks. There were no differences in
baseline activity between the tasks or in the task, the
solid line stands for the fixation. response rate to visual

stimulation. The main finding was that while there was
no statistical difference between the firing rates or the
sparseness indices, the response latencies were shorter in
the discrimination task than those in the fixation task.

*This Work Was Supported By The Following Grants: Otka T-042610, Otka-F048396 And Ett 429/2003. The Authors Thank G.
Dósai And P. Liszli For Technical Assistance, K.Hermann For Maintaining The Laboratory Equipment, J. Kórodi For Taking Care Of
The Laboratory Animals, M. Janáky And T.Gyetvai For Help In The Eye Surgery, And E. Vörös For The Nmr Images.
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This latency reduction has been observed during record-
ing from the same cell when the animals performed the
two tasks. Figure 1 presents one example from both
monkeys.

The lack of altered selectivity could be compensated
for by a temporal advantage, which might be more ben-
eficial for the organism. Attention promotes a quicker
reaction in a situation requiring action, and it can there-

fore be expected to shorten the latency times in the
areas responsible for the processing of information im-
portant for the given action. We believe that this is
the first documentation of the attentional modulation
of response latencies in IT. This can cause the individ-
ual to react faster and have more time to decide on the
appropriate action to make.

Figure 2 depicts the latency values at the population level for the
2 monkies.

VISUAL ATTENTION, FACIAL EXPRESSION AND BRAIN
ACTIVITY WHILE MEETING AN AVATAR

Boris M. Velichkovsky, Leonhard
Schillbach, Jens R. Helmert, Sebastian
Pannasch

Technische Universität Dresden (Dresden,
Germany)

Two studies are presented using the same paradigm. In
the experiments, virtual characters appeared moving on-
screen. Then, the character turned either towards the
subject (ME) or towards an invisible person besides him
(OTHER). Following, he / she exhibited a facial expres-
sion that could be either socially relevant (SOC) or arbi-
trary (ARB). The virtual agents could be female or male.

Firstly, the original fMRI experiment and its results are
depicted and discussed. Consecutively, the paradigm
was used to investigate the effects of social interaction
with a virtual agent on eye movements and facial ex-
pressions (EMG). Participants in both studies were male
right-handers. In the fMRI study (Schilbach et al., in
press) a close relation between the activity of different
brain regions and the degree of involvement in social
interaction was reported. Differential neural activity as-
sociated with ME > OTHER was located in anterior
medial prefrontal cortex in contrast to the precuneus
for OTHER > ME. Perception of socially relevant facial
expressions (SOC > ARB) led to differentially increased
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neural activity in ventral medial prefrontal cortex. Per-
ception of arbitrary facial movements (ARB > SOC)
differentially activated the middle temporal gyrus.

In the second study we used the paradigm to mea-
sure eye movements and EMG for a temporally more
detailed analysis of ongoing processes. Therefore, for
analysis purposes data were divided into three parts:
walk in (first section of film), turn (second part) and
interaction (third part). In doing so we find differential
sensitivity of the used measures to the different phases.
On walk in of the virtual agent, when only the gender
is available as information, clear differences are found
in pupil size. Within turn when it comes to contacting
either me or a person besides, respectively, visual fix-
ation duration is increased in the former compared to
the latter case. And finally, we find differences in facial

movements while interaction depending on the expres-
sion shown by the virtual agent.

The results of the studies are discussed concerning
the relations between brain activity, visual attention and
the facial expressions.
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QUANTITATIVE EVALUATION OF EXPLORATION STRATEGIES
THROUGH EYE MOVEMENTS ANALYSIS

Daniela Zambarbieri, Licia Calvi, Sofia
Crespi, Carlo Robino

University of Pavia (Pavia, Italy)

Eye movements analysis represents a powerful tool in
all studies dealing with visual attention and exploration,
as in the case of a subject interacting with a computer
display. The analysis of subject’s eye movements can
provide quantitative and objective information on where
the subject is looking at and for how long his / her gaze
remains on a specific part of the screen. An evaluation
methodology has been developed within the European
project E-TRACKING1 for the evaluation of e-learning
systems which is based on the analysis of exploration
eye movements.

In order to be effective, an e-learning system must
be able of actually transferring the knowledge to the
user, and this ability is highly influenced by its level of
functionality and usability. When an e-learning system
displays information on the computer screen, the un-
derlying assumption is that the user actually looks at
the screen in the region where the information of in-
terest is presented, that s/he remains in this region for
a time long enough to acquire all relevant information,
and that s/he explores all the parts of the screen where
information is displayed. Eye movements therefore can
be used to verify these assumptions. This methodology
developed for the evaluation of e-learning systems can
be transferred to any situation that implies interaction
of a subject with the computer such as Internet naviga-
tion. It has the main characteristics to be objective and
to provide quantitative results.

During visual exploration saccadic eye movements
are produced that rapidly shift the gaze from one po-
sition to another. Fixation means gaze stabilisation in
the position reached by the saccade and corresponds to

the interval between two successive saccades. During
fixations the central nervous system can retrieve infor-
mation. The sequence of saccades and fixations gives
rise to what has been named �scanpath� [Noton and
Stark 1971] and represents the trajectory of gaze on a
visual scene. Experiments have been performed by us-
ing different e-learning hypertexts and a total of 180
subjects have been examined.

Eye movements were recorded by the EyeGaze sys-
tem a commercial device that consists of a CCD camera
mounted below the computer display A software has
been developed for the acquisition of eye movements
together with any interaction of the subject with the
computer such as mouse click, keyboard stroke and the
scrolling.

For eye movements analysis the scanpath is first re-
constructed from all the recorded data and presented on
each of the pages explored by the subject. Within each
page regions of interest (RoIs) are defined for data anal-
ysis. A RoI is a part of the page, and therefore an area
on the screen, that contains specific visual or content
related information (text, image, link, etc.).

Eye movements analysis is performed by computing
a number of quantitative parameters for the whole page
and for each RoI, by taking into account that during
the exploration of a page the subject can move back
and forth within RoIs. Permanence Time is the total
time the subject has remained within a page or a RoI
making saccades and fixations; Fixation Duration is the
mean value of all the fixations made within a page or
a RoI, Number of Fixations is the total number of fixa-
tion made by the subjects within a page or a RoI, and
Scanpath Length expressed in pixel is the total distance
travelled by the eyes during the exploration. Moreover
also the sequence of accesses within the RoIs is consid-
ered that can provide further evidence for studying the

1
�Eye tracking analysis for the evaluation of e-learning systems� IST-2001–32323; http://e-tracking.unipv.it.
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allocation of subject’s attention. The accesses to RoIs
can be analysed from different point of view. By assign-
ing an identification number to each RoI, the sequence
of accesses results in a numeric string, and the similarity
of subjects’ behaviour can be measured by computing
the Levenshtein distance (LD) [Levenshtein 1966]. Lev-
enshtein (or edit) distance between two strings is given
by the minimum number of operations needed to trans-
form one string into the other, where an operation is an
insertion, deletion, or substitution. The greater LD, the
more different the strings are. In addition, further infor-
mation can be extracted from the sequence of accesses,
that is the first RoI accessed by subjects, and the total

number of accesses to each RoI.
Figure 1 shows one of the pages used for the ex-

periments with RoIs definition. The analysis of accesses
performed on this page indicates that the mean LD value
among the population subjects resulted to be 6,12 (±
1,46). Therefore it seems that subjects did not develop a
common strategy of exploration. Nevertheless, by con-
sidering the RoI first accessed it resulted that 78% of
the subjects visited first the figure of the woman on the
left side of the page, indicating a quite homogeneous
behaviour. Finally, the total number of accesses indi-
cated that the Italian Text RoI and the Central Figure
receive each 25% of the total number of accesses.

Figure 1.

The kind of analysis so far described has been car-
ried on for all pages of the experimental hypertexts.
Then quantitative data have been statistical analysed,
in order to identify significant differences among sub-
jects and correlations between the parameters. From
the experimental results, Guidelines have been derived
for the development of e-learning systems characterised
by high level of functionality and usability.

Compared to classical methodologies, data result-
ing from eye movements analysis are not affected by
recollection errors (i.e., when a subject tries to remem-
ber what s/he has been doing during the experiment)
and are not influenced by the personal opinions of both
the subject and the experimenter. The methodology
that has been proposed makes use of the classical eye
movement parameters as proposed by Goldberg et al.
[1998] and in addition takes into account the sequence
of accesses among different RoIs within a page. Access
analysis can add more insight in the study of explo-

ration strategies. In fact eye movement parameters are
�static� measures, whereas sequence of accesses, first
access and repetition of access, are �dynamic� mea-
sures. Taken together static ad dynamic measures rep-
resent a powerful tool for the evaluation of subjects’
behaviour in terms of exploration strategies and atten-
tion allocation.
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AUTOMATICITY AND THE REPRESENTATION AND
ACQUISITION OF EMOTION TERMS IN SPANISH-ENGLISH
BILINGUALS

Jeanette Altarriba, Dana
M. Basnight-Brown, and Tina M. Sutton

University at Albany, State University of New
York (Albany, New York, USA)

The Stroop task is one of the best-known procedures to
study response interference and automaticity in reading
and cognition. This task has also been employed in the

bilingual literature to investigate the structure of the
bilingual lexicon. Typically, a word such as �WHITE�
is presented to a participant, and their job is to name
the color in which the word appears, rather than nam-
ing the word itself. The correct answer in this case
would be �black�. Note that when the word and
the ink color are incongruent, reaction times tend to
be significantly longer than when both are congruent.
Likewise, research has indicated that within-language
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interference is larger than between language interfer-
ence (Dyer, 1971; Kiyak, 1982; Preston & Lambert,
1969) in the Stroop color-word task. Thus, the stronger
the mental representation of the color word’s mean-
ing, the more likely it is that interference will occur
in the naming of the color in incongruent or cross-
language conditions. Though the research on this issue
in the monolingual and bilingual domains supports these
claims, research across languages has yet to investigate
patterns of interference relative to specific word types
(e.g., emotion vs. non-emotion, and the like). In the
monolingual literature, color naming for negatively va-
lenced words (e.g., anger, sadness) is typically delayed
as compared to non-emotion words of the same length
and frequency (McKenna & Sharma, 1995; Sharma &
McKenna, 1998). Even though this Emotional Stroop
Effect has been demonstrated within languages, it has
yet to be examined across languages. The aim of the
current work is two-fold. First, what might we expect to
find if we apply the emotional Stroop paradigm within
a bilingual population? Second, how do those effects
contrast with Stroop effects for other wordtypes within
an acquisition paradigm?

In recent work, the emotional Stroop effect was ex-
amined in two populations-monolingual English speak-
ers, and bilingual, Spanish-English speakers (Sutton,
Altarriba, Basnight-Brown, & Gianico, 2005). Partici-
pants were required to identify whether a word appeared
in blue or green by pressing one of two keys. The first
experiment replicated the standard emotional Stroop
effect for monolingual speakers (i.e., M = 494 ms to
name emotion words and M = 467 ms to name matched
controls (p<.05)). Negatively valanced emotion words
(e.g., scared) interfered more with color identification
than categorized neutral words (e.g., boat parts: pad-
dle, anchor). In the second experiment, Spanish-English
bilinguals viewed both types of words in English and in
Spanish. The emotional Stroop effect was obtained in
both languages (i.e., longer response times to emotion
terms than to non-emotion terms). However, the Stroop
effect was stronger in English (the more dominant lan-
guage for these bilinguals) than in Spanish.

Given that the above results indicate a possible inter-
action between language proficiency or fluency and the
emotional Stroop effect (i.e., the finding of a stronger
effect in the most dominant language of a bilingual
as compared to the nondominant language), an impor-
tant question to ask is whether or not mode of acqui-

sition and subsequent language fluency play a role in
the representation of emotion words across languages.
Thus, the subsequent study was designed to examine
the acquisition of different word types in a second lan-
guage, with a special focus on the acquisition of emotion
vs. non-emotion terms (Altarriba & Basnight-Brown,
2005). Experiment 1 examined the processing of differ-
ent word types (concrete, abstract, and emotion word)
in a first language. English speaking monolinguals par-
ticipated in a Stroop task where they responded to each
of the word types. In Experiment 2, English monolin-
guals with no prior knowledge of the Spanish language
were taught Spanish vocabulary words using several dif-
ferent teaching methods. These �new bilinguals� then
performed a Stroop task where they responded to the
different word types. Their results were compared to
fluent Spanish-English bilinguals who participated in the
same task, responding to the same words. Results here
further strengthen the argument that Stroop interfer-
ence can actually be viewed somewhat as a �diagnostic
tool� indicating the level to which words are semanti-
cally represented and the degree to which activation of
those words and their access is automatic as a function
of level of fluency, mode of acquisition, and word type.
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SOME METHODOLOGICAL ISSUES CONCERNING THE
MEASUREMENT OF THE STRENGTH OF EMOTION WORDS
IN THE MULTILINGUAL MENTAL LEXICON

Jean-Marc Dewaele

Birkbeck, University of London (UK)

Previous research on language choice for swear words
and taboo words (ST swords) among multilinguals (De-
waele 2004a) and the emotional force of ST words
among multilinguals (Dewaele 2004a) used self-report
through an on-line web questionnaire to investigate indi-
vidual differences and differences between the languages
of the multilingual. Results suggested that on the whole
ST words in languages acquired earlier possessed more
emotional force and were often preferred for commu-
nication. Harris et al 2003 looked at the reactions to
ST words and insults in both languages of bilinguals
considering both physiological evidence (skin conduc-
tance) and written word lists with Likert scales (mea-
suring unpleasantness). The classes of ST words, rep-
rimands and insults comprised each 8 items for which
an average value was calculated. The authors found
these emotional words and expressions in the L1 elicited
stronger reactions, both physiologically and in ratings.
The aim of the present study is to verify the homo-
geneity of the word classes used by Harris et al (2003)
and Harris (2004) by doing an item-level comparison
of the ST words, reprimands and insults in Greek and
English. The data were provided by 52 Greek-English
bilinguals (12 females, 40 males) who worked in Lon-
don or in other Anglophone countries at the time of
the study. They were early and late second learners of
English (average age of onset of learning English = 8.2
yrs). The average length of residence in Greece was 21
years, and the mean length of residence in Anglophone
countries was 7 years. More than four fifths of the re-
spondents said that they learned their L2 at school, the
remaining fifth said that they learned their L2 at school
and through authentic interactions. Three quarters of
the participants rated their proficiency in Greek as be-
ing �excellent�, with the remaining quarter rating it
as �very good�. Less than a fifth of the participants
rated their proficiency in English to excellent, with more
than four fifths rating it as being �very good�. Partic-
ipants rated the frequency of use of their L1 and their
L2 as well. More than half of the participants reported
speaking Greek �all the time�, a third reported speak-
ing it �frequently�, with the remaining 15% reporting
speaking it �sometimes�. A fifth of the participants
reported speaking English �all the time�, 38% spoke
it �frequently�, and 17% spoke it �sometimes�. The
participants were highly educated with 21% having a
Bachelor’s degree, 31% a Master’s degree, and 48%
a PhD.Nearly half of the participants were bilinguals,
nearly half trilinguals, the remaining participants being
quadrilinguals or pentalinguals.

The participants were asked to rate a variety of items
for unpleasantness in Greek (L1) and their translation
equivalents in English (L2) on a seven-point Likert scale
(1 = highly pleasant, and 7 = highly unpleasant).

The items are those used by Harris, et al. (2003) and
Harris (2004). They were translated into their Greek
equivalents by a Greek MA student at Birkbeck Col-
lege, Dimitra Pagtzi, who had the stimuli verified by
four PhD students who were native speakers of Greek.
Items from the original list that were deemed untranslat-
able were substituted by items that had similar meanings
and emotional connotations. The stimuli were displayed
visually to the participants.

Paired t-test analyses were conducted between
Greek and English for each of the stimulus types. The
largest and unexpected difference between languages
occurred for insults. A t-test revealed a significant dif-
ference (p<.01) between perceived unpleasantness of
insult words in Greek and in English, that is, participants
had higher scores of perceived unpleasantness for insult
words in English than in Greek. The expected pattern
was found both for aversive words with the Greek words
being perceived as more unpleasant (p<.01) and ST
words which were felt to be more unpleasant in Greek
(p<.01).

A closer analysis of these items revealed specific cul-
tural connotations of certain Greek ST words and in-
sults. For example, while the taboo and sexual terms
words shit, pee, pussy, dick and breast were rated as
less unpleasant in English than their translation equiv-
alent in Greek — hence confirming the general pattern
of weaker emotional connotations in the L2 — some
words showed the opposite pattern: asshole, bitch, and
raped were rated as more unpleasant in English than
their translation equivalent in Greek.

This finding underlines the perils of doing cross-
linguistic comparisons of (close) translation equivalents
and shows the need for careful piloting in order to weed
out items with different connotations in both languages
which may weaken the amount of variance explained by
independent variables.
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CONTRASTIVE SEMANTICS AND CULTURAL PSYCHOLOGY:
DIFFERENCES IN THE CATEGORIZATION OF THE SEMANTIC
DOMAIN OF ‘SYMPATHY’ IN RUSSIAN AND ENGLISH

Anna Gladkova

Australian National University (Canberra,
Australia)

Cross-cultural research of any kind cannot ignore the
problems posed by semantic differences between lan-
guages. These problems are particularly important for
the field of cross-cultural psychology, given that infor-
mation about other people’s mental states is inevitably
mediated by language. This study builds on the ap-
proach which regards emotions as cultural constructs
determined by norms, tradition and views of the soci-
ety (Ratner 2000). Emotions are better represented as
‘scenarios’ which are narrative and include several ele-
ments (Shweder 1991, 1993, Wierzbicka 1999). The
meaning of emotion terms is largely culture-specific
and should be represented in universal human concepts
(Wierzbicka 1999, Goddard 1997). This study presents
a contrastive semantic analysis of the Russian words
sočuvstvie, sostradanie, sopereživanie and the English
words sympathy, compassion, empathy, which are com-
monly regarded as translational equivalents. The choice
of the words is determined by (a) the salience of these
concepts in Psychology, (b) the cultural significance of
these words in Russian and English, and (c) a recent
borrowing of the term ‘ėmpatija� from English into
Russian. As a methodology it implements the Natural
Semantic Metalanguage developed by Anna Wierzbicka
and her colleagues. This approach proposes a set of
about 65 universal semantic primitives which are used
to explicate words and other linguistic phenomena. In
definitions of emotions it uses universals of mental states
FEEL, KNOW, THINK, and WANT among others. This
approach does not accept the idea of �universal emo-
tions� which are expressed by the means of the English
language. This study is based on the data obtained from
online corpora of contemporary Russian and English.
The following explications are proposed using NSM:

[A] sočuvstvie (čelovek X ispytyvaet sočuvstvie k
čeloveku Y)

’person X feels sočuvstvie towards person Y’
(a) person X knows that something bad happened

to person Y
(b) X knows that Y feels something bad because of

this
(c) when X thinks about it, X feels the same
(d) at the same time X thinks about Y like this:
(e) I don’t want this person to feel something bad

like this
(f) because of this, I want to do something good for

this person
(g) when X thinks like this about Y, X feels some-

thing good towards Y
(h) X wants Y to know this
[B] sostradanie (čelovek X ispytyvaet sostradanie k

čeloveku Y)
’person X feels sostradanie towards person Y’
(a) person X knows that something very bad hap-

pened to person Y
(b) X knows that Y feels something very bad be-

cause of this
(c) when X thinks about it, X feels the same
(d) at the same time X thinks about Y like this:
(e) I don’t want this person to feel something very

bad like this
(f) because of this, I want to do something good for

this person
(g) when X thinks like this about Y, X feels some-

thing good towards Y
[C] sopereživanie (čelovek X sopereživaet čeloveku

Y)
’person X feels sopereživanie towards person Y’
(a) person X knows that something bad is happening

to person Y
(b) X knows that Y feels something bad because of

this
(c) when X thinks about it, X feels the same
(d) at the same time X thinks about Y like this:
(e) this person is someone like me
(f) I don’t want bad things like this to happen to

this person
(g) I want good things to happen to this person
(h) when X thinks like this about Y, X feels some-

thing good towards Y
[D] sympathy (person X felt sympathy for person

Y)
(a) person X thought about person Y like this:
(b) something bad happened to this person
(c) this person feels something bad because of this
(d) it is not good
(e) I don’t want people to feel something bad like

this
(f) when X thought like this X felt something
(g) like people feel when they think like this about

someone
[E] compassion (person X felt compassion for person

Y)
(a) person X thought about person Y like this:
(b) something bad happened to this person
(c) this person feels something bad because of this
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(d) I want to do something good for this person
because of this

(e) when X thought like this X felt something
(f) like people feel when they think like this about

someone
[F] empathy (person X has empathy with person Y)
(a) person X thinks about someone else like this:
(b) something is happening to this person
(c) this person feels something because of this
(d) I know what a person can feel when something

like this happens
(e) because of this, I know what this person can be

feeling now
A detailed contrastive semantic analysis allows dis-

tinguishing differences in the conceptualization of the
domain of ‘sympathy’ in Russian and English. These
differences are related to the object of the emotion,
the intensity of the feeling and the manifestation of
the feeling. This analysis also finds a significant de-
pendence of the mental construct of emotions on cul-
tural assumptions. The Russian terms denote feelings
towards someone with whom the experiencer is in di-
rect contact. The English terms can denote feelings to-
wards someone distant or someone the experiencer does
not know personally. The Russian words can be related
to the general specificity of easiness and spontaneity
of emotional expression in Russian culture (Wierzbicka
1992, Pesmen 2000). The English terms are related to
a more reserved manner of emotional expression specific
to English-speaking cultures (Wierzbicka 1999).

This paper demonstrates how the methods of lin-

guistic semantics enable us to delineate subtle similari-
ties and differences among two groups of related emo-
tion terms in Russian and English. Linguistic semantics
can offer a way forward for Psychology. In particular, the
Natural Semantic Metalanguage reduces the dangers of
terminological ethnocentrism, and enables precise and
verifiable formulations of lexical meaning. It is an ap-
proach which can furnish cross-cultural psychology with
some valuable new analytical and descriptive tools.
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REACTIONS TO EMOTIONAL LANGUAGE
IN ENGLISH-MANDARIN BILINGUAL SPEAKERS

Catherine L.Harris

Boston University (USA)

Second language users frequently report that concepts
expressed in their first language have greater emotional
resonance than concepts expressed in their second lan-
guage. Consistent with these reports, skin conduc-
tance responses (a measure of autonomic nervous sys-
tem arousal) elicited by emotional words and phrases in
bilingual speakers’ first language are stronger than those
elicited by speakers’ second language (Harris, Aycicegi
and Gleason, 2003; Harris, 2004). Measuring emotional
reactivity using skin conductance can be understand as
an aspect of the �brain-based� approach to studying
human behavior. Mental states, including emotional re-
actions, are assumed to be mediated by physical states,
and thus it is useful to link these. Of course physiologi-
cal responses may differ from self-report, and it is useful
to document and explain these differences. In two prior
studies, late learners of English showed stronger skin
conductance responses (SCRs) to emotional phrases in
their first language. Stimuli included taboo words, child-

hood reprimands (e.g., �Shame on you!�), and various
emotional expressions (insults, endearments). However,
in a study of Spanish-English bilinguals who had learned
their two languages in childhood, responses were equiva-
lent to Spanish and English emotional expressions. The
current study sought to replicate and extend these find-
ings by using a similar methodology in a culturally dif-
ferent group: Mandarin speakers.

The importance of multi-culture comparisons. Ob-
taining a consistent pattern of results across a num-
ber of cultural groups allows researchers to make infer-
ences about universal psychological mechanisms. Na-
tive speakers of Mandarin were studied because Chinese-
American immigrants and Chinese sojourners are likely
to differ along a number of dimensions from participants
in our other two studies (who were Spanish-English and
Turkish-English speakers). Mandarin shares no cognates
with English, has a different writing system, and very
different phonology and grammar. Perhaps most im-
portantly, Chinese culture also differs from Turkish and
Latin American culture. Ethnographic notions include
the concept that Latin and Mediterranean cultures cele-
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brate verbal expression of emotion, while Asian cultures
emphasize verbal reticence (Matsumoto, 2001).

Participants (N=37) were students at Boston Uni-
versity who had immigrated to North America from
mainland China or Taiwan at different ages, or had ar-
rived at age 18 for college. Participants were exten-
sively interviewed about their experience of emotion in
their first and second language, and self-rated their pro-
ficiency in both languages. Stimuli differed slightly from
the prior studies in that all items were phrases or short
sentences, because a pilot study found that words heard
in isolation were judged to be too homophonous. Elec-
trodermal responses were measured with fingertip sen-
sors while participants rated the emotional intensity as-
sociated with the stimuli, which were neutral phrases,
and 4 categories of emotional expressions: taboo items,
childhood reprimands, insults and endearments (com-
pliments and positive phrases like �I love you�),

Respondents’ judged Mandarin to be their more pro-
ficient language if they had a later age of arrival in North
America, a shorter length of stay, and lower English pro-
ficiency, and higher Mandarin proficiency. The correla-
tion between Mandarin proficiency and Mandarin emo-
tionality was statistically significant but weak (r=.36).
Participants were highly variable in which language, and
for which types of utterances, they experienced more
emotion. Unexpectedly, many participants claimed that
they experienced English as more emotional, even if they
had acquired English late. This was surprising because
the Spanish late-learners had rarely responded that En-
glish felt more emotional than Spanish. Many of our
respondents said that English felt more emotional to
them because it is more permissible to express emotion
verbally in American culture. The Mandarin phrase cor-
responding to �I love you� was singled out as very dif-
ficult to say in Mandarin but easy (even �too easy�) to
say in English.

The psychophysiological findings also differed from
the prior studies. There was a reliable finding of stronger
SCRs to emotional phrases than to neutral phrases.
However, some showed stronger SCRS to Mandarin
emotional phrases, and others to English emotional
phrases. Multiple regression was used to determine
which factors predicted whether SCRS were stronger in
Mandarin or English for a given participant. Respon-

dents’ report of which language felt more emotional, and
their age-of-arrival in North America did predict SCRs,
although effect sizes were modest. This contrasts with
the Turkish study which found a strong difference in
SCRs to emotional expressions in the first and second
language.

The pattern of results differed from those in the
Spanish and Turkish studies cited earlier in an addi-
tional way: within the class of emotional phrases, taboo
words did not reliably elicit the largest SCRs. Instead,
SCRs were variable across emotional categories, with
some participants reacting most strongly to insults, oth-
ers to taboo words, and others to childhood reprimands.
Another surprise was that responses to English endear-
ments were stronger than to Mandarin endearments, an
intriguing finding which is consistent with some partic-
ipants’ claim that positive expressions feel more emo-
tional in English.

Cultural factors may underlie the diversity of re-
sponses. Participants differed widely in their knowledge
of taboo words, with some saying that they had only
heard these terms in American movies that had been
dubbed into Mandarin, and many saying they had never
themselves used these expressions. Participants also dif-
fered in whether they reported experiencing American
culture as more permissive in emotional expression. Par-
ticipants all reported familiarity with the childhood rep-
rimands, but differed in how emotionally intense these
were judged to be. It is also possible that the dialect of
Mandarin used in this study (and pronunciation of the
speaker who made the recording) had differential impact
across our participants. The recorder was a long-time
resident of Taiwan who was a professional translator and
had worked in radio broadcasting. All respondents ac-
knowledged the speaker to have an excellent Mandarin
accent, but some found her to sound overly educated,
formal and precise.

The high variability found in the current study sug-
gests that psychophysiological responses to emotional
stimuli are influenced by many factors. Future work
can investigate what factors predict whether bilingual
speakers from a given culture will be more homogenous
in their responses (as were the Turkish speakers in a for-
mer study) or will be heterogeneous, as in the current
study of Mandarin-English bilinguals.

EMOTION AND PERCEPTION

Anthony Hatzimoysis

University of Manchester (UK)

Emotion and value have been modelled on perception
and its objects. I present some sceptical considerations
against the combination of identifying emotion to per-
ception with equating values to perceptible qualities.

Discussions of these issues tend to move too quickly
from a cognitivist analysis of value-awareness to a re-
ductionist account of emotions as bodily perceptions.

This is rather unfortunate since the reductionist pro-
gramme may involve cognitivist presuppositions, while
the perceptual model of emotion can lead to a reduc-
tionist account of values. Instead of rushing to occupy
either of the camps in this debate, I propose to concen-
trate on the reasons offered for thinking of emotion as
perception of values. It seems to me that those reasons
do not constitute a sound argument because they fail to
establish a parallel between emotion and perception at a
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level of analysis that appears to motivate the exponents
of that view: the level of phenomenology.

I focus on two problems. First, the norms we in-
voke in evaluating emotions are dissimilar to those we
employ in judging the deliverances of sense perception.
Although both emotion and perception are subject to
criteria of correctness vis a vis the situation in which
they occur, the latter is judged in terms of how well it
presents something to the subject, while the former is
evaluated in terms of how the subject ought to respond
to the situation. That response can take three forms:
cognitive, attitudinal, or volitional. I examine briefly
all three with a view to assess whether they might, in
some sense, permit the identification of emotion with
perception.

The second problem concerns the exact nature of
the kind of perception to which emotion is identified.
Employing the tripartite distinction between sensory da-
tum, interpretive content, and awareness of an object as
intended by consciousness, I explore the possibility of lo-
cating value qualities at the level of the meaning of the
act intending the perceptual object. However, seeing
values as features of the meaning of what is perceived

seems to imply either that values first figure in the con-
tent of a judgement about what is perceived, or that
the percept is itself conceptually loaded so as to enable
the subject to perceive, say, a remark as slighting, com-
plimentary, or duplicitous, before a separate act of judg-
ing or interpreting that remark is launched. The former
disjunct amounts to the rejection of the perceptual ap-
proach in favour of a judgementalist theory of emotion.
The latter disjunct entails that defenders of the percep-
tual model of emotion might need to abandon, or at
least, rethink, the commitment to the non-conceptual
account of perceptual content.
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EMOTIONAL INTENSITY AND VALENCE IN BILINGUAL
AUTOBIOGRAPHICAL MEMORIES

Margarita Kaushanskaya, Viorica Marian

Northwestern University (Evanston, USA)

In this study, we examined the effect of language and
self-concept on emotional expression (intensity and va-
lence) in autobiographical memories of Russian-English
bilinguals. While some researchers find that the na-
tive language carries more emotional intensity than the
second language (e.g., Bond & Lai, 1986; Gonzalez-
Reigosa, 1976), others find no differences across the
two languages (e.g., Lubin et al, 1985; Pizarro, 1995).
Although the exact pattern continues to be debated,
language choice does appear to influence accessibility
of memories and of their emotional qualities (for a re-
view, see Schrauf, 2000), so that some memories be-
come more accessible or carry higher intensity when ac-
cessed in a particular language. To account for such
differences, Marian and Neisser (2000) proposed the
language-dependent memory hypothesis. Based on the
encoding specificity principle, the language-dependent
memory hypothesis suggests that accessibility of mem-
ories is influenced by a match between languages of en-
coding and retrieval, so that memories become more
accessible when the language of retrieval corresponds
to the language in which the memories were originally
encoded. For the present study, we predicted that
bilinguals’ autobiographical memories would carry more
emotional intensity when the language spoken at re-
trieval matched the language spoken during encoding.
In addition, we examined the effect of self-concept (as

located along the individualism-collectivism continuum)
on expression of emotional valence in bicultural bilin-
guals. Emotional valence has been found to vary across
individualistic and collectivist cultures, with individualis-
tic self-concept correlating positively with affect balance
and subjective well-being (Basabe et al. 2002), and cor-
relating negatively with depression (e.g., Sastry & Ross,
1998), as well as with social anxiety (e.g., Kleinknecht
et al 1997). Building on these findings, we examined the
relationship between self-concept and emotional valence
of bilingual autobiographical narratives, predicting that
memories associated with a collectivist culture would be
more negative than memories associated with an indi-
vidualistic culture.

Forty-seven Russian-English bilinguals, 23 males and
24 females, were interviewed in both languages, with
language order counterbalanced. They were prompted
with a cue word and asked to describe an event from
their life that the cue brought to mind. After all mem-
ories were recorded, participants were asked to indicate
their age and the language used at the time of each
event. Memories were coded as Russian at encoding,
English at encoding, or Mixed Russian and English at
encoding. Memories were also coded for main agent
(on a 1 to 5 scale, where 1 denoted self as main agent
and 5 denoted someone else as main agent), emotional
intensity (on a 1 to 6 scale, where 1 denoted no emotion
and 6 extremely high intensity), and emotional valence
(on a 1 to 7 scale, where 1 denoted completely neg-
ative affect and 7 denoted completely positive affect).
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A second coder coded 10% of all data; point-to-point
reliability between coders was 90%.

Emotional intensity across languages was analyzed
using a 2-way repeated-measures ANCOVA with lan-
guage of retrieval (Russian or English) and language of
encoding (Russian or English) as independent variables.
Results revealed no main effect of language at encod-
ing or language at retrieval, but a significant interaction
between the two, F (1,25)=5.845, p¡0.05. A post-hoc
paired-sample t-test revealed that participants produced
narratives that were more emotionally intense when the
languages of encoding and retrieval matched (M=3.01,
SE=0.09) than when they did not match (M=2.76,
SE=0.11), t (43)=2.83, p¡0.01.

A 3-way ANOVA for each memory (with language
of retrieval, language of encoding, and main agent as
independent variables, and emotional valence as the de-
pendent variable) revealed a main effect of agent, F
(4,673)=10.30, p¡0.01 and a main effect of language of
encoding, F (1,673)=3.20, p¡0.05, but no effect of lan-
guage of retrieval. That is, bilinguals’ memories were
more positive when the main agent in the memory was
others- or group-oriented than when it was the individ-
ual self. Moreover, language at encoding influenced va-
lence, so that memories encoded in Russian were least
positive (M=4.01, SE=0.14), compared to memories
encoded in English (M=4.47, SE=0.19) or in a mixed
Russian and English environment (M=4.57, SE=0.21),
with the latter reported as most positive.

Finally, a multilevel modeling approach was used to
examine emotional intensity and affect by accounting
for variability both within items and within participants.
Preliminary findings corroborated the ANOVA results
and suggested that autobiographical memories tended
to be higher in emotional intensity when the languages
of encoding and retrieval matched than when they did
not match. We did not find emotional intensity to be
stronger in bilinguals’ native or second languages, in-
stead it was the match or mismatch between languages
of encoding and retrieval than influenced intensity. The
idea that emotion is strengthened by a reinstatement of
encoding language at the time of retrieval carries ap-
plied implications for services to bilingual clients, such
as psychotherapy. It is consistent with the hypothesis of
language-dependent memory (Marian & Neisser, 2000)
and suggests that language functions similarly to other
types of context (e.g., Davies & Thompson, 1988) in
its influence on accessibility and emotional quality.

Memories encoded in Russian were rated as less
positive than memories encoded in English; this result
is consistent with findings of more intense and posi-
tive emotion in individualistic than in collectivist cul-
tures (Basabe et al, 2002), but may also be a result of
other differences (such as, for example, economic well-
being and pre-selected immigrant group). At the same
time, bilinguals’ memories were reported as more posi-
tive when the main agent in the memory was other- or
group-oriented than when it was self-oriented. The find-

ing that for these participants, more positive emotions
are associated with group memories, while more nega-
tive emotions are associated with self-oriented memo-
ries suggests that bicultural Russian-English bilinguals
may have a highly-developed interpersonal self, where
interactions with others are valued and carry positive
connotations. This, together with the fact that mixed
memories were rated as most positive, suggests that
the self of bicultural Russian-English bilinguals is inte-
grated across cultures and that an amalgam of both
cultures results in the most positive affect, a finding
consistent with reported psychological benefits of bicul-
turalism (LaFromboise, Coleman, & Gerton, 1993). In
sum, these findings suggest that the emotional content
of bilinguals’ narratives is modulated by language spo-
ken at any given time, by self-concept, and by the inter-
action between the two. Future work in this area may
contribute to understanding the relationship between
emotion and language in memory, within and outside
bilingual contexts.
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EMOTIONAL PROCESSING IN TEENAGERS: CONTROL OVER
THE POWER OF WORDS

Renata F. I. Meuter, Leigh Buckley

Queensland University of Technology (Brisbane,
Australia)

Teenagers are often described as prey to their emo-
tions to the exclusion of rational thought. They can
be almost obsessively apprehensive about what others
think of them while at the same time behaving reck-
lessly and impulsively. Both these aspects of teenage
behaviour can be related to their inhibitory abilities.
The frontal lobes, the hypothesised site of reasoning,
planning and judgment and inhibition of inappropriate
responses, are said not to fully mature until the early
twenties. It is conceivable that the relative maturity
of the frontal lobes may determine the extent to which
teenagers control emotionally driven behaviour. To gain
greater insight into emotional processing in teenagers,
this study explored emotionality and issues of control
through an adaptation of the Simon task (De Houwer,
Crombez, Baeyens, & Hermans, 2001) and a variant
of the Sustained Attention to Response Task (SART;
Robertson, Manly, Andrade, Baddeley, & Yiend, 1997).
Altarriba and Bauer (2004) determined that, for adults,
emotion words are differently represented in lexicon.
This study further allowed us to establish the extent
to which this differential representation applies also for
teenagers. Two groups of teenagers (aged 12–13 yrs
and 16–17 yrs) and one group of adults (aged 25–45
yrs) were studied. In the Simon task the groups were
compared on their ability to quickly and accurately judge
randomly appearing single nouns and adjectives as pos-
itive or negative, respectively. Thus individual words
with a pre-determined emotional value were presented,
requiring either an incongruent response (e.g., the neg-
ative response required to the adjective ‘happy’) or a

congruent response (e.g., the positive response required
to the noun ‘jackpot’). Incongruent responses were pre-
dicted to be slower overall, with age-related differences
reflecting the extent to which incongruent, pre-potent
responses could be inhibited successfully. The ability to
inhibit responses was measured also to neutral (alinguis-
tic) stimuli, using the SART. Participants responded as
quickly as possible, by pressing a key, to rapidly appear-
ing single digits (1–9) with the proviso to withhold all
responses to the number three (20% of all trials). In-
hibitory ability was predicted to improve with age, as
reflected in fewer errors (incorrectly responding to the
number three).

Consistent with predictions, with an increase in age
there was a measurable increase in the ability to over-
come the interference from emotionally-laden words on
the Simon task, concomitant with a marked improve-
ment in performance on the SART. The results are
discussed in relation to the distinctiveness of emotion
words in the architecture of the developing lexicon and
the role of inhibitory control in the processing of emo-
tions.
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EMOTION WORDS IN THE LEXICONS OF RUSSIAN-ENGLISH
AND ENGLISH-RUSSIAN BILINGUALS

Aneta Pavlenko

Temple University (Philadelphia, USA)

Linguists differentiate between two types of words in
the emotion lexicon, emotion terms (anger, joy, sad-
ness) and emotion-laden terms, i.e. terms that elicit
negative or positive emotions (cancer, rape, baby). Fo-
cusing on the former category, that is emotion terms,
this paper outlines similarities and differences in Russian
and English emotion lexicons and then examines impli-
cations of these differences for lexicons of two groups of
bilingual speakers: Russian-English and English-Russian
bilinguals. Cross-linguistic analysis suggests that emo-
tion lexicons of Russian and English differ in six ways:

(1) distribution of terms across categories: Both

languages have nouns (e.g., anger, joy, radost’, gnev),
adjectives and pseudo-participles (e.g., upset, sad,
rasstroennyj, grustnyj), adverbs (e.g., happily, sadly,
grustno, veselo), transitive verbs (e.g., to upset some-
one, rasstroit’ kogo-to), and intransitive verbs (e.g., to
worry, to pine, volnovat’sia, perezhivat’). What is dif-
ferent is the distribution of terms across categories: Rus-
sian has a high number of intransitive emotion verbs but
English has only a few (to rejoice, to grieve, to worry, to
pine), and the whole category is losing ground in mod-
ern English, according to a well-known linguist Anna
Wierzbicka (1992).

(2) preferred pattern of emotion coding or descrip-
tion: the second difference is related to the first: it
lies in the preferred pattern of emotion description. En-
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glish favors adjectives or pseudo-participles, such as ‘up-
set’, ‘worried’, or ‘disgusted,’ that refer to inner states.
These terms are often used with copula verbs, such as
the state verb ‘to be’, change-of-state verbs ‘to become’
and ‘to get’, and perception verbs ‘to seem’, ‘to ap-
pear,’ ‘to look,’ and ‘to feel.’ In contrast, in Russian
emotions are often designated by intransitive — and of-
tentimes reflexive and relational ”— emotion verbs,
such as perezhivat’, radovat’sia, serdit’sia, obizhat’sia,
that emphasize duration and refer to actions and rela-
tionships.

(3) subcategorization differences: the third differ-
ence between the two lexicons lies in subcategorization
frames, in particular with regard to copula verbs. In the
absence of a case system, English offers its speakers a
limited set of frames: all copula verbs are followed by
emotion adjectives in Nominative case simply by default
(e.g., to look happy, to feel great, to be excited). Rus-
sian, on the other hand, has a greater range of frames
and of subcategorization constraints.

(4) semantic differences: e.g. in English the term
‘jealousy’ can often refer to ‘envy’ (e.g., You went to
the Bahamas for your vacation? I am so jealous!);
in Russian, on the other hand, the meanings of zav-
ist’ (envy) and revnost’ (jealousy) rarely overlap and
the term revnost’ refers almost exclusively to the feel-
ings of romantic jealousy or sibling or familial rivalry
(Stepanova & Coley, 2002).

(5) pragmatic differences: Russian reflexive verbs,
such as serdit’sia (to be actively angry, mad at someone)
or obizhat’sia (to be actively upset at someone) function
as relational verbs that refer to a temporary suspension
of an existing and ongoing close relationship with an-
other person and impending forgiveness. These mean-
ings are not adequately rendered by the English terms
‘mad’, ‘angry’, ‘upset,’ or ‘offended’, which miss the
intrinsic links to social relationships and have a much
higher emotional intensity than serdit’sia or obizhat’sia.

(6) language- and culture-specific emotion terms,
metaphors, and idiomatic expressions: the two lan-
guages also have some terms and metaphors that lack
counterparts in the other language (e.g., English ‘fun’;
Russian toska, udal’, nadryv, obida). Of particular im-
portance in everyday spoken Russian is the imperfective
verb perezhivat’ that refers to the process of expe-

riencing negative feelings, or, literally, suffering things
through.

The implications of these differences are examined
in two different groups of bilinguals, 20 Russian-English
bilinguals who learned English after the critical period
and are currently residing in the US, and 30 English-
Russian bilinguals, advanced American learners of Rus-
sian, still enrolled in advanced-level Russian classes.
Their performances will in turn be compared to those
of 28 monolingual native speakers of Russian and 30
monolingual native speakers of English.

All study participants had to perform the same tasks.
The first task involved elicited recall of three short films,
one entitled �The Letter�, specifically made for the
purposes of this study, and two films from the popular
Mr. Bean series. All three films had soundtracks in-
volving music and noises but not language. The second
task consisted of a life story interview. The results of
comparative analysis show both similarities and differ-
ences in the performance of the two bilingual groups
relative to each other and to two monolingual groups.
Of particular interest in their performance is crosslin-
guistic influence from English to Russian which affects
the performance of both groups, and in particular lexi-
cal selection, shifting preference in Russian from verbs
to adjectives (e.g. ona byla takaja rasstroennaja instead
of ona rasstroilas’).
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COGNITIVE EFFICIENCY IN SECOND LANGUAGE EMOTION
WORD PROCESSING: EFFECTS OF LEARNERS’ IDENTITY WITH
THE SECOND LANGUAGE SPEAKER COMMUNITY

Norman Segalowitz, Pavel Trofimovich,
Elizabeth Gatbonton

Concordia University (Montréal Québec Canada)

This study examines the following hypothesis: Second
language (L2) learners’ cognitive efficiency in process-
ing emotionally laden words in the L2 reflects learning

experiences associated with a sense of identity with
speakers of that language, in contrast to the processing
of neutral words. Participants will be 60 English-French
bilinguals living in Montréal who vary in their proficiency
in French as an L2 and in the degree to which they iden-
tify and associate socially with speakers of French, as
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measured on self-report rating scales. Participants will
perform 2-alternative forced choice reaction time tasks
with appropriately matched neutral (N) and emotionally
(E) laden words separately in their first language (L1)
and in the L2. The measures obtained will reflect the
speed and efficiency of word meaning processing. Mea-
sures of L2-specific performance with N- and E-words
will be obtained by first partialling out corresponding
L1 performance. The L2-specific performance measures
will then be submitted to multiple regression analysis.
The criterion measure will be L2-specific performance
on E-words. It is expected that N-word performance,
entered first, will predict significant variance in E-word
performance, due to the fact that both reflect general

exposure to and proficiency with the language. It is
further expected that when the identity measure (ID) is
entered second into the analysis, it will significantly pre-
dict additional unique variance in E-word performance,
supporting the hypothesis that emotion word processing
skills reflect experiences associated with close identifi-
cation with the target language community, over and
above that associated with neutral words. Finally, it is
expected that, in a separate analysis, ID will not pre-
dict unique variance in N-word performance after first
entering E-word performance. The results will have im-
portant implications for understanding how meanings
are acquired and represented in the second language
mental lexicon.
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CONTENT VALIDITY OF CONCEPT MAPS
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Concept maps (knowledge maps, semantic nets) con-
stitute an instrument for organising and presenting se-
mantic knowledge (for an overview see e.g. Novak,
1998). They specify the concepts of a domain and the
relations among them, and thus provide a natural way
of expressing and presenting domain ontologies. Most
commonly, concept maps are represented as labelled,
directed graphs, with the vertices representing concepts
and the edges representing the semantic relationships
between those concepts. An alternative representation
consists in providing a list of propositions (i.e. combi-
nations of two concepts and the link relating them). A
concept map constitutes a model of the current knowl-
edge about the world for a given domain in a given con-
text. For a particular knowledge domain it is not realistic
to assume that only one correct concept map of com-
plete consensus exists, but rather that there are several
alternative concept maps. This is, because describing
and structuring a domain necessarily entails some sort
of world view or opinion. Moreover, concept maps will
also differ due to their intended purpose and ultimate
use.

Given a specific purpose, a concept map is needed
that integrates the knowledge of the domain in question
— summarising possibly differing perspectives. Take
for example, an e-learning environment. To ensure that
people are able to successfully learn from the system,
it has to be based on an ontology that validly repre-
sents the respective domain and corresponds well to the
users’ personal ontologies or understandings. This calls
for a theoretical framework for evaluating the empirical
validity of a concept map on a specific domain.

Concerning the validity of concept maps we distin-
guish two types (Albert & Steiner, 2005). Given the
intended purpose or ultimate use of a concept map,
content validity refers to the question whether it ade-
quately reflects some kind of common understanding of

the domain. Application validity refers to the question
whether a concept map serves the purpose for which it
has been designed. Here we focus on content validity.

For examining the content validity of a concept map
(in the sequel also denoted as ‘target map’) we suggest
to take empirically collected concept maps representing
personal knowledge (in the sequel denoted as ‘criterion
maps’) as a criterion.

One critical precondiction for proceeding in this
manner is that the criterion maps reliably represent in-
dividual knowledge. There are two possible ways for
examining the reliability. First, concept maps for a par-
ticular domain may be constructed by employing alter-
native methods and forms of representation (e.g. as a
directed graph and as a list of propositions). Second,
a concept map may be generated repeatedly, using the
same construction method. In both cases, the extent of
similarity between the maps gives evidence of the relia-
bility.

Several techniques that are suitable for collecting cri-
terion maps are outlined. Aside from common methods,
such as ‘construct-a-map’ and ‘fill-in-the-map’, one fur-
ther technique is to present the propositions of a target
concept map as a correct-incorrect discrimination task,
preferably including also distractor items and confidence
ratings (Steiner, 2004).

By comparing the target map with the criterion
maps, i.e. by analysing the similarity between them,
content validity can be examined. A high similarity be-
tween the target map and the criterion maps indicates
a high degree of content validity of the target concept
map.

Several similarity measures have been proposed in
the context of applying concept maps as tools for knowl-
edge assessment. These numerical measures compare
a student-generated map with an expert concept map,
which is commonly done by focussing on the connectiv-
ity among concepts (e.g. Goldsmith, Johnson, & Ac-
ton, 1991; Takeya, Sasaki, Nagaoka, and Yonezawa,
2004). Besides, also some proposition-based measures
have been proposed (e.g. Chang, Sung, Chang, & Lin,
2005; Ruiz-Primo, 2000). All these measures can be
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applied in the context of examining the content validity
(or reliability) of a concept map.

For comparing concept maps we suggest to use 2×2
contingency tables, detailing for two concept maps the
number of propositions that are contained in either both
or in only one of them. Alternatively, the number of
common and unique concepts or relations may be used
— if only those special parts of a concept map are to
be validated. Based on such contingency tables, simi-
larity measures or measures of association, respectively,
can be derived (see e.g. Goodman and Kruskal, 1979).
The objective is, to determine and evaluate common
and distinctive elements of the two concept maps. In
this context however, symmetric measures are not well
suited for appropriately describing similarity. This is,
because it should be taken into account that a criterion
map possibly refers to only a special part or substruc-
ture of the target map. Elements that are contained
in the target map but not in the criterion map should
therefore not negatively affect the similarity measure,
but rather those elements that are only contained in the
criterion map. We propose to apply Tversky’s contrast
model (Tversky, 1977) which provides a sound theoret-
ical framework for such an approach that is based on a
general notion of non-metric similarity. It is shown how
to apply this model in the scope of validating a concept
map.
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Architecture of Functional Ontology is described as
based on principles of Cognitive Rationality, Cognitive
Relativity and Cognitive Clarity (CRRC) (3, 9). It allows
parallel and simultaneous mappings of experience, im-
ages and knowledge to orders, relations, self-organizing
representations and functionally relevant ontologies (6,
9).

The principles of Cognitive Rationality, Relativ-
ity and Clarity were recognized as the basic simplest
constructive principles, which support any-actor, any-
time, any-location self-organizing processes. Their om-
nipresent support allows automated modeling and simu-
lation of two simultaneous interweaving self-organizing
processes, — self-oriented fitness and mutually-oriented
fitness.

Two basic mechanisms, the Mapping to Universal
scales (1, 2) and Systems of Communicating Contex-
tual Systems (C2S) (4) allow automated design and
recognition of Architecture of Functional Ontology.

Universal Scales allow grounding the theory of dis-
tinguishability (7). Functions of Experience allow tun-
ing to Contexts and Contextual and Cognitive Spaces
with normalized cognitive measurements (2). They lead
to the discovery of interesting and relevant experience,
representations and languages. Procedures of restora-
tion, interpretation, symbolization and translation allow
mapping between different simultaneously emerged lan-
guages (including such as visual, sound, gesture), which
may be evolved in the expression of relevant functional
ontology.

Logic and Algebra of Contexts formalize metaphors,
analogies, associations and similarities, which allow clar-
ification of mutually useful ontology in commonly inhib-
ited domains. (2) For example, metaphors, as attractors
of cognitive resonance, may represent the most relevant
mutually useful ontology. The most interesting and rel-
evant patterns, links and meta-structures may be clari-
fied automatically by Systems of Communicating Con-
textual Systems in the process of communication and
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may be used to anchor the webs of the architecture of
the self-organizing ontology.

Systems of Communicating Contextual Systems al-
low automatic acquisition of commonly relevant func-
tional ontology by modeling self-organizing communica-
tion between emergent Contextual Systems (2, 4) Un-
derlying recursive mechanism of constraints acquisition
and satisfaction is based on the idea of functional nega-
tion: everything is possible by exception what is not
yet possible. It allows emergent design of architecture
of functional ontology as essentially open, dynamic and
sensitive to emergent experience, communication and
activities.

Both mechanisms may interweave to allow a full
range of mappings between experience and thought,
prepositional and holistic, explicit and implicit knowl-
edge, reality and imagination, the known and new, the
one and others (5, 9). They allow the grounding and
allocation of functional ontologies.

It is shown how such architecture may be inhab-
ited by intelligent entities, which may be known or ap-
pear in complex environments as centers of attraction
of functional opportunities (for example, such as invisi-
ble hands) and may monitor further self-organizing ac-
tivities by inducing certain relations and orders on a
diversity of possible functional activity, such as physi-
ological, perceptional, cognitive, emotional, conscious,
behavioral and communicative (9).

This may explain how cognition, consciousness and
intelligence may arise, and how evolution may be seen
and predicted as reaching its local maximums and min-
imums. This may also explain how bodies may be
evolved to anchor the most relevant functional activi-
ties, and how emotions may be involved while there is a
violation (good or bad) of basic principles of cognitive
rationality and clarity.

Areas of practical applications include simulation,

modeling, analysis and prediction of real self-organizing
phenomenon such as in cultural, social, biological, ge-
netic and economic systems (8).
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ONTOLOGICAL ENGINEERING FOR STUDENT RESEARCH*

Tatiana Gavrilova1, Seppo Puuronen2

1Saint-Petersburg State Polytechnical University
(Russia)
2University of Jyväskylä (Finland)

The paper presents a structured approach to facili-
tate student research activity based on methodology of
knowledge engineering. It features ontology or concep-
tual domain structure design and refinement as a kernel
and guide for a fruitful and meaningful research activity.
Such approach may help graduate and post-graduate
students to work as knowledge analysts and to shape
the proper framework for their study.

1. Introduction. Doing research is a multi-faceted
creative and challenging activity. Young researchers use
a lot of informal rules-of-thumb advice that may help

but not a systematic guidelines. Major recommenda-
tions deal with library work, citation and other impor-
tant but not essential components of research activ-
ity. Web resources now help to streamline the process
of finding, selecting, and entering information from the
Web, corporate databases, and reference materials into
a paper. We are speaking about not syntax but se-
mantic of study. Not HOW but WHAT? Of course the
skilful and experienced supervisor controls the process.
But. . .

This paper presents a framework that may be helpful
for the self-guided students and young supervisors. In
addition, it details an approach to promoting integrity
during the education of researchers, including how to
develop an effective thesis. Providing a framework for

*The work is partially supported by Russian Foundation for Basic Research (grant 04–01–00466) and Academy of Finland.
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research this paper may be essential for anyone con-
cerned about methodology of scientific study.

All researchers are knowledge workers. They speak
different languages — medical language is different to
language used by those who do physical study of atom.
They use these languages to specify and to elucidate
the domain.

Ontology may serve as a common language to all the
researchers as an ontology is an explicit specification of
a conceptualization [Gruber, 1993]. Describing ontol-
ogy is describing the skeleton of the problem. It is not
only description, it is an explanation and clarification of
new knowledge that was worked out.

2. Ontological engineering — first steps. From
a philosophical viewpoint, �ontology� (without the in-
determinate article and with the uppercase initial) is the
branch of philosophy which deals with the nature and
the organization of reality.

Now ontologies aim at capturing domain knowledge
in a generic way and providing a commonly agreed un-
derstanding of a domain, which may be reused and
shared across applications and groups [Chandrasekaran,
1999]. Neches and colleagues [Neches, et al, 1991] gave
classical definition as follows �An ontology defines the
basic terms and relations comprising the vocabulary of
a topic area as well as the rules for combining terms and
relations to define extensions to the vocabulary�.

An ontology is a set of distinctions we make in un-
derstanding and viewing the world. Visual approach
to present ontology is not only compact but also very
comprehensive. It makes ontology a powerful mind tool
(Johanssen, 1998; Gavrilova, Voinov, 1996).

3. Ontologies for student research. Using some
of design criteria set of principles have been proved as
useful in the development of ontologies [Borgo, 1996;
Gruber, 1995] we can can propose one simple ontology
development algorithm in a nutshell comprising 5 steps:

1. Collect all the relevant information, select and ver-
balise all essential concepts (glossary).

2. Reveal types or relations between concepts and
try to make hierarchies and present them visually
(trees).

3. Detail the concepts via top-down strategy and
form meta-concepts via bottom-up strategy.

4. Exclude repetitions, synonyms, excessiveness and
contradictions.

5. Split big trees into sub-trees and edit it.

Then new approach to conduct systemically more
structured research may be proposed. This approach is
based on developing of a set of ontologies:

• Problem-ontology definition (ontology N1 de-
scribing main concepts)

• Ontology of reviewed approaches (ontology N2
describing the history of the problem)

• Experiment framework design (ontology N3 pre-
senting experimental conception)

• Data structure ontology (ontology N4 presenting
input and output data)t

• Mathematical modelling and main results ontol-
ogy design (ontology N5 describing results)

4. Conclusion. Ontological framework scaffolds
the research activity. But ontological engineering is
rather easy for �old� sciences with good structure. Re-
searchers in new, multi-disciplinary and ill-structured
disciplines as HCI, cognitive sconces, management, etc.
will face a bunch of difficulties in design and develop-
ment phases. Ontologies also are rather subjective.

Our paper presents one of the first attempts to show
the visionary role of ontologies. They are good for better
self-understanding of research and then for knowledge
sharing. And they work as a mind tool!
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ONTOLOGY DESIGN FOR ASSIGNMENT POINT MANAGEMENT

L. Y. Ismailova, S. V. Kosikov

Moscow Engineering Physics Institute (State
University)

Rapid development of new information processing tools,
especially in Internet environment, stimulates interest
to applications in areas pertaining to the humanities.
New application areas require more detailed study of
conceptual background for modelling methods and de-
velopment of specialized modelling instrumental tools.
Over the past decades progress has been made in sev-
eral directions. Several modelling tools have become
commercially available. Numerous and generally suc-
cessful applications of conceptual modelling has lead to
understanding that basic technique of model building
must be adjusted to every concrete case. Traditional
conceptual problem-oriented modelling techniques are
mainly oriented of syntactic fixation of problem domain
(PD) structure and leave semantic aspects to concrete
interpretation mechanism. This leads to lack of system-
atic approach in semantic means and uniformity in their
creation and implementation.

Application of traditional techniques to humanitar-
ian PDs meets special difficulties due to particular fea-
tures of these areas. One of these is that data in such
PDs can be interpreted from different, frequently mu-
tually exclusive points of view. One reason for this is
diversity of theories depending on point of view of dif-
ferent scientists. But in some (most interesting) areas
mutually exclusive points of view are principal part of
task itself. For example, in area of jurisprudence plain-
tiff and defendant usually have points of view that can
not be put into agreement, so the special point of view
for court must be built.

Another feature leading to difficulties in modelling
of humanitarian PDs is its dynamical character. This
means that not only data but also data interpretation
changes while the task is being solved. Such changes
depends not only on time directly, but also on the task
solution stages and the subjects whose reasoning prin-
ciples may be changing, involved and reflected. For
example, in jurisprudence discovery of a new evidence
often leads to a necessity to change the meaning of all
known data concerning a concrete case.

One more feature of PDs in account is its intensional
character. The term �intensional� here corresponds to
area of mathematical logic dealing with the sense of
language expressions. The approach is widely adopted,
that intensional (formal analogue for a sense) is a rule

for assignment values to expressions, depending on dif-
ferent PD characteristics (such as subjects, time points,
task solving stages etc.). These characteristics are re-
garded as parameters or assignment points. The great
advantage of this approach is a possibility to use con-
structions of different abstraction level in PD model.
For example, in jurisprudence the abstraction level can
vary from evidences of a concrete case to the structure
of a legal norm and so on.

Some authors propose many different classes of
mechanisms for extending the conceptual model build-
ing means (tools for the description of interdependent
conceptual hierarchies, the definition of metadata corre-
sponding to higher-order logical aspects, the description
of self-application for both modelling means and frag-
ments of the model itself are especially of interest). The
key problem here remains the maintenance of concep-
tual and semantic integrity.

In searching the way to solve this problem some re-
searchers define and use ontologies. Particular articles
contain notions of ontological engineering, translation of
the ontologies et cetera. But due to significant diver-
gence in the ontology definitions direct use of this notion
is not trivial. Using ontology notion in applications in
most cases leads to its semantic vagueness even inside of
the investigation. Such situation requires more detailed
and exact analysis of applications and understanding of
involving the notion �ontology� in consideration.

Comparison of the ways of using ontologies for con-
ceptual modelling tools development shows that they
are used generally for drafting and to describing PD
structure on early stages of conceptual model building.
Ontologies in this case become a tool of exposure and
description of PD conceptual structure and in fact are
a part of conceptual model oriented on PD’s entity de-
scription. But in this case the notion �ontology� will
be almost the same that the notion �thesaurus�. So
notion of ontology in most cases is used for extension
of conceptual modelling means in the area of semantic
description of PD entity system. But such using of this
term gives almost nothing to express all its potential
meanings and also is not powerful enough in practice.

The word �ontology� descends from Greek �on-
tos� meaning �all� and in philosophy concerns part of
philosophical knowledge describing general fundamen-
tals and principles of reality, its structure and natural
laws. So traditional philosophical usage of this term by
no means comes to PD entity structure only, but also
contains their connections, relations and laws. In cor-
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responding to philosophical tradition it is necessary to
remark that the notion of ontology is deeper than that
of conceptual model.

The notion of ontology essentially concerns to the
area of philosophy on one side and to the conceptual
modelling on the other. It seems that the most effec-
tive usage of this notion in applied investigations has to
keep advantages of both approaches. It is a good idea
in this case to formalize metatheory of conceptual mod-
elling by using it and especially its semantic aspects.

Using the most general approach to semantic as a
method of assigning a value to syntactically organized
data we propose to define an ontology as a method
of formalized representation of classes of semantics for
conceptual modelling tools, means for systematic refine-
ment of semantics and for constructing semantics with
prescribed properties. This definition leads to formal
definition of ontology based on adequate mathematical
approach known as category theory. Using this tech-
nique ontology can be defined as 4-tuple<G, U, D, C¿
where G is a graph, U is a function mapping every ver-
tex of a G to its identity arrow, D is a class of diagrams
in G and C is a class of cones in G.

In our formalization ontologies determine classes of
conceptual language expressions with defined modes
of interpretation. This property immediately connects
formalization with philosophical treatment of ontology.
Really, ontology used in this sense determines concep-
tion of the world, that is fundamentals and principles of
reality, its structure and natural laws in the class of con-
crete PD. But the role of ontology does not exhausted
by this. In general ontology determines not only ex-
pression classes but also methods of construction for
such classes that can be inherited or not inherited by
conceptual language of PD description. Besides it on-
tology may prescribe methods for connection of inter-
pretations with their expression classes and method for
making such interpretations step-by-step more and more
accurate.

Generally ontology is in the same proportion to
concrete conceptual modelling system then conceptual
modelling system to concrete PD model. Provided se-
mantic properties allows to make conclusions about de-
sirable meta-mathematical properties of a model such
as adequacy, coherence and consistency. Ontologies
provide conceptual basis for definition, discussion and
construction of semantic tools for conceptual model
class and simultaneously for systematic construction of
conceptual modelling tools with prescribed semantics.
Consideration of ontology as meta theory for problem-
oriented conceptual model the ensures both iterative de-
sign procedure and realization of semantic reengineering
of information systems with preservation of desirable se-
mantic properties, that makes it possible to consider it
as ontological reengineering.

The proposed approach to ontology definition and
its use in conceptual model construction makes it pos-
sible to build models providing:

• data and metadata semantic selection correspond-
ing to their interpretation in given PD;

• search of semantic defined by model construction
interpretation in concrete ontology;

• synthesis of semantic by accepting of problem-
oriented axioms describing diagrams and cones of
the corresponding category in required ontology.

The categorical techniques of describing semantic
manipulation methods provide a procedure of PD model
step-by-step refinement both during its construction and
while conceptual model tools semantic classes changing.

Further development of categorical means for on-
tological modelling is expected to develop methods for
semantic description and techniques of their application
in applied system development.
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TOWARDS AN ACTION ORIENTED THEORY OF THE SEMANTIC
WEB

Mika Nyman

(Finland)

Some main ideas: Ontologies are a way to model mental
representations. Mental representations reflect external
reality (the domain of discourse). Ontologies should
have sufficient expressivity to represent the domain of
discourse. The protocol stack of the semantic web is
built in a curious fashion in the sense that the foundation
of the stack, RDF is the most restrictive one. One of the
main restrictions is that RDF uses only binary proper-
ties. Another restriction is that RDF is very Aristotelian
in its outlook, which means that it is substance oriented
(gr. ‘ *ousia’*, lat. ‘*substantia’*). Ontology is the sci-
ence of describing these substances in terms of classes
and properties. The Aristotelian philosophical view is,
however, not anymore a sufficient foundation for rep-
resenting our current shared cognition, i.e. our current
way of understanding and describing the world. The
modern scientific world view is based on our capability
to understand action and change, and more recently,
complexity and uncertainty. Galileo shook the founda-
tions of the Aristotelian world view. (This is the reason
why he was banned by the Catholic Church). Newton
and Leibniz found a way to express change mathemat-
ically. Their work has subsequently been reformulated
by Einstein. Heidegger showed the limits of Aristotelian
ontology and rebuilt ontology from the foundation. Hei-
deggers ontology is more dynamic than Aristotele’s. It
describes life not only in terms of properties — one sig-
nificance of ousia is actually ‘property, wealth’ — and
classes (being) but also in terms of in terms of dynamic
existence (becoming). I’m sure that Lev Vygotskys the-
ories on social interaction would also be very fruitful in
the search for an action oriented theory of the semantic
web.

The substance orientedness of RDF is shown in the
common practice to express action in terms of proper-
ties. Instead of saying ‘Mary teaches Mathematics’ we
say ‘Mathematics is thought by Mary’ making Mary the

property of Mathematics which is absurd or anyway a
very contorted way of representing the relation between
Mary and Mathematics. Chomskyan transformational
grammar is able to identify the identity of the two state-
ments ‘Mary teaches Mathematics’ and ‘Mathematics is
thought by Mary’. If we want the Semantic Web to be
truly machine readable we will need automated ways of
identifying these kinds of Chomskyan transformations.

My main point is that we need an action oriented
way to formulate ontologies. One way to approach this
is to attempt to formulate action oriented models us-
ing the expressive capabilities and restrictions of RDF.
This can be done with the help of a simple example.
Then a parallel attempt is made, where the constraints
of RDF are bypassed allowing predicates to have mul-
tiple arguments as in the expression ‘Mary (m) teaches
(T) Mathematics (c) to David (d)’ a T(c, m, d). I
maintain that the latter way leads to a more intuitive,
natural way of building models. The problem is how
to perform operations on these actions oriented models.
One answer is: humans do it. Another answer is: it is
done in System Dynamics. It is also done in UML and
BPMN (Business Process Modelling Notation) by using
very simple modelling tools.

I think we need a common web based forum for dis-
cussion, where experts on the history of philosophical
metaphysics (including ontology), linguistics, logic, phi-
losophy of mathematics and logic, natural language pro-
cessing, cognitive semantics, computer science, general
systems theory and system dynamics meet with the ex-
plicit aim of evaluating and redefining the current foun-
dations of the semantic web. The specific contribution
of general systems theory and system dynamics is to al-
low cyclical modelling with feedback loops. One aim of
this process is to make the ground models of the seman-
tic web more action oriented and enable the semantic
web to model life in a way that is intuitive as well as
adapted for machine processing. Modelling life requires
the ability to express action, change and uncertainty in
addition to modelling properties and classes.

ONTOLOGY ENGINEERING FOR INTELLECTUAL AGENTS

Mikhail Roshchin

Volgograd State Technical University (Russia)

Introduction

The major part of today’s software systems usually con-
sists of commodity intelligent agents used by all com-
petitors in the respective business domain. Agent’s
activities comprise software components, libraries, web
services, aspects, etc. Discovering, integrating, sup-
porting lifecycle of an agent can only be done if there is
enough information available about its qualities and be-

haviour, its intended business logic and required or pro-
vided guarantees, its interacting with the environment
and runtime requirements. But, there is still an open
issue about the proper and adequate way to semanti-
cally describe intelligent agents for further reasoning on
them.

In parallel, the idea of Semantic Web with ontology
vision evolved within the realm of the internet. It turns
out that Semantic Web techniques and the mechanisms
needed for adequately describing and relating intellec-
tual agents are quite similar: hence, we choose to solve
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the problem of describing agents for automated agent-
based computing in an heterogeneous environment by
introducing a logical formalism for knowledge represen-
tation, together with ontologies which serve as main
part of the application and application domain descrip-
tion.

Approach

Logic-on-Demand Concept: Our approach, based on
the concept of Logic-on-Demand (LoD), is supposed to
overcome the problems of expressivity and complexity by
accommodating the description means of the proposed
ontology languages to the varying needs and require-
ments, in particular with respect to decidability. The
main purpose of the LoD concept is to provide an ade-
quate and adaptive way that is based on uniform prin-
ciples for describing all the notions, relations and rules,
the behaviour and anything else that proves necessary
during the agent description process. To achieve this,
LoD means to define a basic logical formalism that is
adequate and tailored to the application domain and to
incorporate additional logic formalisms and description
techniques with further expressivity as optional features
that can be used whenever needed. These additional
formalisms share notions and terms with the basic for-
malism which will be grounded syntactically in OWL
and semantically in the description logic (DL).

DL is sufficient to define a terminology, hierarchical
structures of terms, and definitions of concepts and their
properties through terms. However, it is, for instance,
not sufficient to describe implication rules, modalities
and probabilities which are needed for a proper reason-
ing about an intelligent agent. Therefore, we propose
to enrich DL with further description means.

We add dynamic characteristics with respect to the
concrete values of the involved notions and terms. For
instance, we express behaviour variability in response
to different situations in heterogeneous environments.
Therefore, rule-based techniques have to be introduced
as an extension to DL. And we apply implication op-
erator to the concepts, their instances, and values, ex-
pressed in DL. Regarding behaviour and quality prop-
erties, we need to take into account the temporal and
probabilistic character of that knowledge for which we
need to define modal logic constraints. Thus, the no-
tions of DL are enriched with modalities and probability
functions.

Triple Semantic Model Concept: The Triple Seman-
tic Model defines a distributed computing model for in-
tellectual agents. It provides mechanisms to distinguish
between different entities represented within that model.
The model is built up with three levels: the Ontology
Level (which is a meta-model level), the Dynamic An-
notation Level, and the Annotation Level (both belong
to the model level).

The ontologies on the Ontology Level are intended
to provide a general framework, in most cases based
on a specific application domain, to describe any kind

of agent. Since ontologies enforce proper definitions of
the concepts in the application domain, they also play
an essential role in standardising the specifications of
agent properties, requirements and interfaces with re-
spect to their domain. Searching for an appropriate
agent means that certain concepts and properties have
to be checked whether they fit or not to the given query
parameters. The ontology mapping mechanisms among
heterogeneous domains help to identify a match of query
parameters and agent properties. The relation of the
notions is defined among agent dynamic properties on
the ontology level, e.g. run-time scenarios, or behaviour
patterns. For these definitions, DL with the extensions,
as presented in the principles of our Logic-on-Demand
concept, is used.

We also need to specify dependencies on actual, dy-
namically changing circumstances, which have an im-
portant influence on the reasoning about certain agent.
For instance, we define the notions and rules of cost,
trust, and belief, which are dependent on concrete in-
teraction and situation. They are specified on the
Dynamic Annotation Level, based on the concept of
LoD.Dynamic annotations play the role of mediators
between the ontology and the static semantic annota-
tions that describes the agent properties, and in particu-
lar its requirements with respect to certain environment
characteristics.

The Annotation Level comprises the static descrip-
tions of the properties and qualities of agents, which
can be used for reasoning. The annotation is expressed
in pure DL.

Conclusion

Our approach proposes the Triple Semantic Model
based on principles of Logic-on-Demand as the prag-
matic and adequate solution for semantic modelling of
intelligent agents. It structures the description process
and introduces flexibility with respect to the description
means. The application of the proposed concepts to
real scenarios proves feasibility and shows well selected
trade-off between expressivity and complexity.
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INSTRUMENTALITY AND CAUSALITY IN MEDICAL ONTOLOGY.
ONOMASIOLOGICAL EVIDENCE FROM DUTCH AND FRENCH

Paul Sambre1, 2, dr. Cornelia Wermuth1

1Lessius Hogeschool Antwerp (Belgium)
2University of Leuven (Belgium)

Topic — Instrumentality is closely linked to the idea of
causality in medical therapy. We examine the interac-
tion between the two semantic layers of causing, caused
and instrumental action in the ontology of medical ther-
apy.

Research questions — Typically, instrumental defi-
nition is considered to display a single syntactic pattern:
with [Xinstr] — SUBJ impersonal + (modal) verb + in-
finitive (+ patient Y). Our hypothesis is that because
of its specific conceptual structure, instrumental defi-
nition needn’t be, semasiologically speaking, limited to
this unique pattern (Sambre 2005, Wermuth 2005). A
description of the onomasiological (lexical and syntac-
tic) variation within causality-instrumentality patterns
is therefore needed.

Approach — Cognitive linguistics. Theoretic key
concepts are frame semantics (Fillmore 1982), the
canonical event model and action chain of Langacker
(1987, 1991: ch. 7, 1999), force dynamics and causa-
tion (Talmy 2000a; 2000b: ch. 7–8).

Method — Instrumental definition is first restated
as a conceptual phenomenon. Second, (dis)similarities
both syntactic and lexical are described, in particular
intralingual differences in verbal structure, lexical char-
acteristics of instrumental verbs and prepositions used.
Third, a usage-based typology of both syntactic and
lexical variation based on key concepts as mentioned
above is provided. Fourth, variation is described as a
shift in a conceptual viewing frame template. Fifth, the
interlingual equivalences and differences are analyzed.
Compare examples as French X sert à . . . (subject X
instrumentalized by verb) versus Dutch een X-therapie
leidt to . . . (subject X instrumentalized by nominal at-
tribute and causal verb) or Met X bereikt men hogere

Y (X instrumental prepositional complement, imper-
sonal 3rd person subject, resultative verb, scalar object).
Sixth, we examine the patterns detected against the
variational impact of two medical subdisciplines (ortho-
pedical surgery versus cardiology). This leads to differ-
ent guidelines for (causal and instrumental) associative
guidelines in terminological standardization norms.

Data — A Belgian Dutch-French corpus of exam-
ples from the field of therapeutical practice in orthopedy
and cardiology

Relevance — This typology is of interest to (i)
translation studies, (ii) contrastive cognitive linguistics
and (iii) terminological ontology-based normalization
standards.
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� D����	�
���� �R�
�>����� R�	���
�	 ����� ���	[��� D�	��
 ����� ��������� ���
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� ��
�>��������P � ��� >�
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The paper deals with developing conceptual graphs appli-

cations for creating hierarchies in Decision Making Systems

dataware. Known similarity measures of conceptual graphs

are analyzed and the use of them for solving problems of

clustering and aggregation is considered. Applications of

methods to be developed in Digital Libraries and banking

financial control systems are discussed. Subsystem for mod-

eling conceptual graphs on Java platform is described.
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Abstract: The paper describes designing principles of on-
tologies intended for teaching and learning (with the aid
of computer tutoring systems) basic algorithmic concepts

of non-traditional styles of programming — functional and
logic programming. For ontologies being developed, the cri-
teria of concept selections (algorithmic abstractions of data
and control) are discussed, as well as types of their semantic
relations.
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Ontological model for informational supporting
of development and maintenance procesess of
business-processes automation systems

Michail A. Kurochkin,
Yulia M. Madorskaya

St.Petersburg’s Politecnical Universite

Enterprise automation systems are the key factor for increas-

ing the efficiency of an enterprise. Development, deployment

and maintenance processes discovered problems concerning

continual modifications of enterprise environment and its

bussines-procesess. The efficiency of an enterprise depend

on speed of the enterprise model adaptation and its embod-

iment in the next release of automation system software.

This work addresses methods for design of information en-

vironment to support enterprise automation systems main-

tenance and evolution processes.
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�	��� ������������D������ D���D������0 � ��R	�
������� �� ���	
� � ���	 �����
�����0 ��
���
D������� ��
����	�� �R������� �����	[��� ���
���� � D�������� � ����������  ���� �� ���
D�����0 � ��� >�
� D�����0 D��������	����
����	�� 	����	��R	���1

BR������� ����
� D���D������0 �	� ��	���� �	
�R������� �����	[��� ����0 � ��[ �>����� D���
����� � ������������ ������������� ����� 	��
���	��R	��� ��R���D������1 C�
��� ���� ����
��������	�� �� ��L���	������� ����
� 
��	���
� �� �����0 	 �	��� D����	����� ���D������ �� ���

	
�R�[���1 ?	��� ���	R�� 
[�	� ����	 	����	�
��R	��� ��R���D������ D���D������ D�
� �	R�	�
����� � ��������� D�������� � L	R� Z��
[��������
�D����������0 �����	� D����
�	��� �� ��� D��0
D��	 �D���������� ���������� ����� ��
����
Z������>��� ��
�����	R���1 ?������ �������
	����	��R����	���� �����0 �D����
����� �����
���� �� ����
�� � D����	����� ���D�������0 ��
��
�� �	���
�� ��>�� ����������	�� ��	
���� D���
��	� D���D������0 ��� 	�	D�	��� ��
��� ����
�����	
��� ��R������1

�
������ ������� �	���� R	�	>� ���
��
��
�	 
������[ D������ D��������� ��
	�� � D���
���� D���D������0 �� ��������	R��� � ��������
R	�����[0 
������[ D�������� ������� � D���
��	������ ���D�>����0 D����	R�	>������ �
� 	��
���	��R	��� �	���� D������1 �	��� ���������
���� ������ 	����	��R	��� D�����	[�� �	 Z�	�
D� �
����	��� D��������� ��
	�� 	����	��R	�
���0 � ���� ����
���� �
� ������������� D������ �
R	������������ D��������� ��
	��0 �D����
����
��R�� ����� ����0 �������� � ��R���D����	�
��0 D��
��	���� 	����	��R	���1 X������� D���
>��	�� ������ D��	����� ��
�[��; ��D�	��
����
D����	��� 	�	
������ ��������� ����� D�������
��� ��D�
���	 � D��������>����� ����
� D�������
��� ��
	��1 ������	 �� ������	��	 � ���
��
��
�	 
������[ ���	����� ��
����� �����	 
	���
L���	
�R��	���� �����>���� R	�	��� � D���L��
�	���1

=�R���	�� ������������ �	R�	����� �	R����
����
���>���� ����
�0 �����	� �����	
	 �� �	�
��� �	�������0 ��������� ����� ����0 ���������
��� �
� �D�	��� 	����	��R������� ��R���D���
����0 ��R�� ����� ����0 �� �>	������0 ��	�
�	 � �������� ��L���	������� D������0 ��R	��
���  R	�	>�� 	����	��R	��� D�������� ������� �
D����	����� ���D������� ����� 	����	��R	���1
C	��	� ����
� ��
��	 ��
[>	�� �	��� L���	
��
��� D��R�	��� �
� D������� D�
���� � ��D�������
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��>����� �R�	�	���� �	 �� ����� Z�R��D
����1
�	
�>�� �	��� ����
� D�R��
�� �	R�	���>���

����� 	����	��R	��� ��R���D������ �	 Z�	D�
�	R�	�����Q ��>�� L����
����	�� ������� ����
���	���0 D�	��
��� �D����
��� L������ �����0
D�	��
��� �D����
��� ����� �	 Z�	D� Z��
[�����
���� �D����������Q ��>�� L����
����	�� ����
���	��� �	 �R�������0 �D����
��� ��
	�� � �����
�R������� � Z������>���[ ��
�����	R���� �R�
�������1

= ��R�
��	�� 	�	
�R	 �����
����� D���D������0
���� 	����	��R	��� ��R���D������ � D�������
� D���������	��[ �	��� ���� ��
	 D���������	�
�	 ����
���>��	� ����
�0

��� L���	
���� ����
�[ ����
����`0 D����	�
��� �D�����>���	� �����	 ���	 `���^ Y^ V�^ ���
�Q����>��� �������� �����D��� OD������P D����
������ ��
	��0 ������[ D����	�
��� ����
����`�
YQ����>�� �������� ��������� ����� �����D�	�
�� OD��������P R	��	���� D��������� ��
	��� VQ
����>��� �������� L������ ����D���	��� R	�	��
��� �	 �����D�	� � ���������� ����
���� ` �.�

�	R�	���	��	� ����
���>��	� ����
� �����
�R 
���[��� 
���Q 
�� D��	�����0 
�� D�����
�����	���0 
�� D���������	��� ��	
�R	���1 Y	��
��� 
�� ����� �R �	���	 �R	�����R	���� Z
��
������0 Z
������ �	����� 
�� ��R	��  Z
�����
�	�� ��
��� ������ 
���1 C	���� 
�� �������
���[� �	>������� �	R��� ���	� �����
������0
D���D�����	���� � ���� �R�	��� ��<�1 X������
��� ����� Z
�����	�� ����
� � �	��	� 
�� ����
����
� ����� Z
�����	�� �	R��� 
���1 ?	��� ���
�	R�� ����
� �	R��
��	 �	 
�� � ���������� 
��D	�� ��������� ����� Z
�����	�� ����
�1 Y	��
��� 
�� ��	
�R��� ����
� D���������� >���R ���
Z
������1

�
�� D��	����� ����
���>���� ����
� �����
��� � ��� �	��� D������0 ���	��>��� �
� �D��
	��� D��������� ��
	��0 D��
��	��� 	����	���
R	���1 � �� D�����[ �R�	��� �D�	��� ������
��� D��������� ��
	��0 ��R���D������ D���D���
����0 D��
��	��� 	����	��R	���0 ��R���D�	��
0
�D����
�[��� ��� � �����	��� Z��� D������0
������0 D�����	���� ��R���D����	��0 	 �	���
��	�	�
��	�� D��� �����D�R���� ��R���D�����
�� �	 Z
������1 =�������� ��R� ����� �����D�
�	�� �	����� 
�� �D����
�[� ��������� �����
D��������0 R	�	���� L������ �����D���	��� �����
����� D�R��
�[� �	R�	���>��� ����� D���R����
D������� D������ D��������� ��
	�� 	����	��R	�
��� �	 ���������� D���������� �����D�	� � �����
������ � D����� �� ����
���� � D���R����0 D��
������������0 �� ���>�����1 N�	���
���	� �	����
�	
����� ��������� ����� Z
�����	�� ��
����
������� D������� D�
���� � ��D��������>�����
�R�	�	���� �	 �� ����� Z�R��D
����1

�	 ��1 . D������� �	��� ������� �	�������

�	R�	���	���� ����
� � ��	���>���� ���������
����� ����0 ��� ��Q ��R���D�	��
	 D���������
��
	��0 �<Q ������0 XQ �������0 <�Q ��R���
D�����0 ���C�Q 
���>��	� ����
� �	����0 KQ
L������ ����� 	����	��R	���0 ���CKQL�R��
>��	� ����
� �	����0 �YQ D����	����� ���D��
�����1

O��� �� k���-�.� ������	�� ������������� 
3�0����

�	R�	���	��	� ����
� D��	����� ������� D�
�
��� �	��� D������ ����������� �
� �D�	��� D����
������ ��
	�� 	����	��R	���  ��
�[ L�������
�	��� �	� L�������	
����0 �	� � ��L�������	
��
��� ������	��� � ����� 	����	��R	��� ��R���
D������1 X��	��>���� �	���	 �D�
�R����� D����
��� � L���	
�R	��� ��������� ����� ���� D�R�
��
��� D������ ��>���� �D�	��� D��������� ���

	��0 �D�
�R��	��� L������ �����D���	��� D�R�
��
��� D������ ����R�	>���� �����D���	��� ���
��
� D��������� ��
	�� �	R�	���>��	�� �����
	����	��R	���0 >�� � ��[ �>����� D�R��
��� ���
R��� ��
�>���� ������ Z�	D	 D��	�����0 ��
�[�
���� �	���
�� �������������1

��	
�R	��� Z��� ����
� ����� ���� ��D�
���
�	 �	���� D����	������ ���	��0 �	� s&U&U !#(
kee6'0 6&x+#4#$& 23 0 �37TU&1 ����D�>����� ����
�� ���	�� ����� �D�	�
���� ������	����� �37TU&
���D	��� /'h0 �	� �	� ��	 D�����	�
��� ��
� �����
��� �����	 �
� �R�	���0 �����	����� � 	�	
�R	
����
�� �	���� ��D	1

!#���	���	l

�� L� j� #�-	���-� ,��� q�	�I�-��� �p�/. /���
�� ������������"�.2 �����3� ����������	
�	�
����
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Abstract

The article describes using of ontologies in on-line instruc-
tion systems and e-books design. This approach, in our
opinion, must increase quality and effectiveness of teaching
as in learning, as with testing of trainee. We suggest knowl-

edge base management system KG (Knowledge Guide-book)
as instrument of ontologies building, which was developed
by Department of information processing systems (Izhevsk
State Technical University, Russian Federation).

= �	���� �	���� �D���	��� D��������� �����

���� �
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��� ���� OBX�P � Z
��������� �>�������0 >��0 �	
�	� �R�
��0 ��
��� D�������	�� D�������[ �	�
>���	 � ZLL��������� �>������ D����	 �	� �	
Z�	D� �R�>����0 �	� � �	 Z�	D� ������
� �������
�	����	
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Y	� D��	R��	�� D�	����	0 D���� �R�	��� ���
��
���� D�������� ��
�� >����� L���	
�R	��� �
��������R	��� �������� � �D����
���� � �	����	�

�0 D���
	�	���� ������	� �
� ���>����0 D���
��
�� ���D�[��� ��� ���D�� ��
�������1 X�0 ��>���0
����	 �
� �	R�	����� ����
���� �	� �� ����D
��
������ � Z��� ��������� 	���� D��D��	�	��
�1

X������� ���D�����	�� BX�0 ����	���� �	
����
���� D��������� ��
	�� �>�����	 O����
����
>���� X�P0 ��
�[��;

• �
����� �����������	���� ���� �>�����	�

• �����	���  ��D���
�	�� �	 ���������[�
��� D����� � D��D����� �>�����	�

• ����
���>���� D�	��>���0  R	�
	��	�� �
��D���
�	�� �	 �� ���	 �>�����	0 ��� D��
������ �D���	[�� �
� D������[�� ����
������[��� D�������

• �D�	������0 R	�	>� � ������ �	����	
� �
�
�	R����� D�	���>���� �	����� � �
�	��
�	 ��� �R �����	����

• ���������	��� �������	 � ������
�0 ���D��
>��	[��� �����	������� ����� ���>����1

��� �R�	��� ����
���� D��������� ��
	��
�>�����	 ������������ D�
�R��	��� Z����
�D����
>���� 
��	���0 	 �	��� �D����
������ �R �	����

�� D�D�
����� �>�������0 �	D����	������ � �	��
��� D��������� ��
	��1 �������������0 �	����	�

� �>�����	 �� ��
��� D��������>��� ����
���>��
���� D�	��>����1 B��������	��� �������	 � ����
���
� R�	��� ��
��� ���D�>��	�� D��	����[ D���
����� ������� � �D��	������ �D�	�
���� ������1
�� ������������ �������	��� ������� �����	 ���
���	 �R D���
������� �	��	����1

?	��� ���	R��0 �
[>���� �������� D�� �R�	�
��� ���>	[��� ����� ��
���� D���� �	R�	����
�� ����
���� �>�����	1 �	>	��[ D�
� Z���� �����
��� � �������	 	���� �>�����	1

= �	>���� ���������	 �	R�	����� �>����� ���
��
���� D���
	�	��� ����	 �D�	�
���� �	R	��
R�	��� O�N<�P tf Ot" aU&T!& f+#T&�5  bP0 �	R�	���
�	��	� �	 �	L���� ������	��R����	���� �����
���	����� ��L���	��� � �D�	�
����� B�������
����	��������� �����>����� ����������	 �Y�>��

�	��� � ��10 899.�1 <
	���	�� ��
���� ��D��� ����
�����R	��� ��
	 ��� �
� ���� D������ D�������
��� ��
	�� � ��������� ����� ����0 �D�
�R��
�	��� tf � �>����� D����� D�R��
��� ��
��>���
���>���� �������� ����� D�����D	� D���������	�
��� ����
���� � �� �D�
�R��	��[ � D�	���>����
R	�	>	�1

= ����� tf ������ ��# �	R���� L�R�>����
���������� �
� ��	����� ��L���	���; ������Q
�����D�Q Z�R��D
�� � 2��g�� ��	���>���� �	�
������� �
� �	D�
����� �����D��� � Z�R��D
����;
D������� D����� ������� ���������1 �	 ��1 . D��
�	R	�� ������ �� D�����	[���� ��	���>���� �	�
������� �N<� tf1

����� �����	�	�� � �	R� R�	��� �����
�����
��

�����	 �D�
����
�� � ��������� ����R�� ����
���� � D����	���	1 = ����� 
�>	�0 D�����
���[� ��	� � 	
������0 �1�1 �� �D�	��� �������
��>�
���
���� ����
�1 B����� �����
�������
D���� D�����	�� �������� ��R�� ����� ����
���	��0 D�Z���� �	�	������� ���������[ D��
�	 	�������� D����	 ��
���� ��0 >�� ��0 D����
�� ����� �	�	�������� ������� 	�������0 �D��
��	[��� ��*# �2	��
#�� '�,�� #%; 	���� O��
D�
����
�P� ����L���	��Q R	�	R>��0 � >��� �������
	� ��D�
����� �������0 �	���	� ����D���� OD���
����� �������P� D������ ��R������� O������� S
��R�
�����[���P� ���	 �������� ���������� ���
	���� O��D�
����
�P � �1�1

Y	� �R�����0 �	������� ���D������� ���>��
��� � ������
� ��
�[�� �����	 ��R�	
����� S
��	L�>����� �����	����� ����
�� D��������0 D���
����0 ���������1 �N<� tf ������� �����	
����R	;

• ��� ����� D������	 S ��������	 S ��>��	�

• ��� D������0

	 �	��� �����	 ����������	��� �����D��	
��
��� ��������>���� ����
��1

!#���	���	l
�i�������- � 0	� ����� i�������- ,� P� #�
0	�23��

��- N� P� �����3� -�/���"���� 1	�����	�-���� 
�/ /���
�� � � N�!�	3� ��2������� - ����-�5����.2 1	�����2�
L	�0. %%% 3�40���	� ��������2�� ���!�� N4�-�� �����
�� �+���+��

��������4 �7
-+
/
��4 7
*�+�-����
-3,�	�E,
��4

&% $% B�'�����

-�0�5 b�*	'# �����d

C
� �R�	��� Z�D������ ����� O^�P0 �������
L������� ������� ��
���� ���D�>���� ��R�D	���
�� D�����	 ���� � D���� �����	 =
	�������	0 D����


	�	��� ����
����0 �D����
�[�	� ������� D����
��� � ��������� ����� ����0 �	R���	[�	� R	�	�
>� ���D�>���� ��R�D	���� �	 ����
���� D��R	�	�
>�0 ����
�� �� �R	�����R�1 X��D�>���� ��R�D	�
���� ������
���� D� �����	� 	�	
�R	 �	���	�



590

������� ���	�����0 �	 ����	��� ��������0 �����
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���� ����
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���� �D�	�
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� 	��	����� D���	0 �� R	�
��	���	[� �>	��� �������� ����	0 	 
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^� D����	R�	>��	 �
� ������	��� �	���� D�
�>���
��� �� �	���
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= D��������� ��
	�� R	�	>� �	 Z�	D� �R�	���
����
� ��
� ����
��� 
���[��� D������;
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�	�����1 C
� �	����� �
		 ����
��� ���
��
���� �	������ ��������0 R	�	�� D�	���
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��  D�����[ ����� ��B1 = �D����
����
�������	� ���	 � ������	 ������ D����	��
����	 ���1

?	��� �D����
��� ��R������ �������;

• C������� ���	�
�Q �	�	�����R���� �R�����
���� �������	� � ������	 �������

• ������	 �	 �����Q  ��>����� ������� �� D���
������ �R������� ������	 ������ � �����
���	� O�����	 �	 ����� �������P1 ^�� D��
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��� ���������� ���
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• ������� ���R�� D�����R���� �	 �����1

=������ D������ Z�������� ���	���Q ����
����0 D���D�����	��� � 
�>	� Z�������� ����
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&
'���	$#% ���������� D����	�
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	��0 � �����
����� ����� ����1 �	��� ��������� �D����
���
��	���>���� ��������� ����� ������	��1 ?�R	�
��� ������ D����	�
��� � ���� ��	L	0 � �������
�	����� ������� OD�����[P ����������� ������
�	 ��	L	0 	 ��R� ����� ������	�� D����	�
���
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	 �	��� D���	
���� ���������0 ��R	����  ���
��������� 
����D�����
���� �.�1 ��� D����0 �	
����� ��R�� ��R	���	 D�������� �	������� D��
������� R	D��	 O�	������� 
�� R	D��	 ����
����>����0 ��
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� ��
�� >	����� D�
��
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?	��� D���� D�R��
��� ������ D���
��� D�
���
�� ������	� B��0 �� D�� Z��� ���
�>��	��� � ���

�>���� �����	�0 �1�1 ��R��	�	���� ����
��	���
��� ����������1 �������0 >�� ������ D���
��� ����
��� � D����� �������
����; L����
���� R	D��0
�� ��	R��	��0 �	���  ���� �����0 � ��?�� , �
������ �����0 	 �� � ?�- �� ������ �0�1

= �	>���� �����	 �
� �D�	��� ��
	 ����	
����� ���� �D�
�R��	�	 ����
���� �/�0 �J�1

:
��*��#% �D����
��� ������� � D������0 ��
D�
�R����� �
� �D�	��� � D����	�
���� ��
	��
R�	���0 	 �	��� ��������� ����� ����1 ?	��� ���
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��� ��
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	�� O�	D�����0 �	��
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��� D�����D	�0 	 ��������� �����	 �	R�	�����
����
���� D�����	�
�[� ����� D� ������
[ ���


������ � ��D��������>����� �	���� � D������
��� 
���>���� �������1 ?	��� � �	���� D��	R��
�	���0 >�� ����� ������ D����	�
��� D���
��	
�����	 ������ 	���	���� �
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����� ���DD	�� �������	
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��� Z�D����� � D� ���� ��� ������� � ��
	��
�D�	�
���� R�	�����1 Y	>���� � ZLL���������
�	R�	����� ���	R��	��
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����� ���� D������� R	 >�� ����� �����
���>��
��� D�������� Z���� D����	1 ����������	��� ��
����	��� ���	R��	��
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D���D�
	�	��0 ������� ���� �
[>���� R	�	>; �D���
��
���� ���D�������0 ������� ���������� L�����
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O���	���>���� ������P0 ������� ���������� �R��
>���1

��� ������� Z��� R	�	> ��
�����	R�� �D�
��
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���� D��������� ��
	��� � ����
��
��[ L��� ���	R��	���1 ������D���� ���D�����
���0 L��������� � ���	R��	��
���� �	��	���0
���	R�[� ���D����������[ ����
� D���	
��	1
Y��D������� � R	�	>� D��L����	
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��
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�
��	�1 ����
	�	���� �	�
�� ���D������� D����
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���[��� Z
������;

in�I?����  ���� ��-/���.��j i��� ��,���1
�� �j i��+�� ��,����� �j �i��/���������,
��H��-�.�,j�1

������ Z
����� �	�
��	 R	�	��� �	���� ����
���	�� �	� �D��������0 �����������1 =�����
Z
����� R	�	�� D���L�>���� �
� �	�	����	��
��� ��
	�� ��� D��L����	
���� �����
�����1
�	D�����0 �
� ��
	�� ������� �D�
�R�[�� �	�
��� ������� �	� ��	R�	����	�0 �D���������	����0
�	�	
�R� � �1D1 ?����� Z
����� ���D������� ���	�
�	�� ������ D��L����	
���� �����
����� � ��
�
��� ��	��� �R ���������[��� ����
���� D����
������ ��
	��1 ��
����� Z
����� ����� ���>����
���D������[0 �	D�����0 ��	R	���� ���������	
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��� ����� ��	
�R	��� D��L����	
���� �����
��
����1 ������ ���D�������; �h/� ���� � /�����1
����� G ��� �� �Mf  � /����������- hJ���)
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• ������������ >�����0 L���	
�R��	���� ���
������� ����� �>������ ������	���
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���	R��	��
���� D����	�� =N��� � ����� ����
���
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	�� ����� �������� �
D�R��
��� �D�
�R��	�� Z�� R�	��� ��������� ���
��	��1 X���
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[>����� Z
�����	�
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���� D��������� ��
	��� � ����
���� L��� ���
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X���
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�����������	���� D������ �R �	R
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	���
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����� ���	0 R	�
D�	���� � ��	���>���� L���	��0 D�R��
�[� 
D�����[ �	���� 
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�R����
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�	����	
�0 �D�
�R�� �������[ D������1
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�� � ������� �	���	��� D� ����
���>���� �	R	�
�������� ��������R	��� �	D����
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�����

• D������ �	>���� �	R�	���	���� ���	R��	�
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���� � ��
[>���� ���
����	��� ��	�����1 =
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� �D�
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���� � �D�	��� ��	������
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���� D���
����P �
� R	���R�� � ��	�
����
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������ ������ 
������ ���	 ��	
�R���
��� ������ ��	�����0 �� ��
��� L�����������
�	�� �	� ����	 ����	��>����� ZLL����������
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�������� �D���R��
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	�	
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R	���� ����[������ 
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��� �
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���� � ����
����
�����	�����1 ���� ����	��� �	R������ �	 D���
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Resolving anomalous data plays a crucial role in many
tasks like scientific discovery, medical diagnosis or trou-
ble shooting. Some philosophers of science (e.g. Kuhn,
1962) believe that anomalous data trigger conceptual
change in science. Using an in vivo approach Dunbar
(e.g. 1997) showed the importance of anomalous data
and their resolution in real-world discovery processes. It
seems, that especially scientists focus on anomalies in
case of data exploration (e.g. Trickett, Trafton, Schunn
& Harrison, 2001). This view on scientific discovery is
backed by successful work of Kulkarni and Simon (1988)
modeling Hans Krebs’ discovery of the urea cycle. The
KEKADA model incorporates a heuristic that notices
surprising results and makes the study of such puzzling
phenomena a task on the agenda. Therefore, it seems
important to investigate anomaly resolution processes in
the already mentioned domains. Some work was done
to specify the psychological responses to anomalous
data yielding a classification system (Chinn & Brewer,
1992). Seven alternatives were identified, ranging from
fully ignoring the anomaly to accepting the data result-
ing in theory change. Other studies have found that
the entrenchment of contradicted hypotheses (Chinn &
Brewer, 1998; Krems & Johnson, 1995) and the en-
trenchment of the anomaly itself (Keinath & Krems,
1998) affect how people respond to anomalous data.

Furthermore, studies of medical diagnosis revealed
an expert strategy in dealing with anomalous data
(Arocha & Patel, 1995a, b). Experts in this domain con-
structed at the beginning of the problem solving process
more abstract and less specific hypotheses. Abstract hy-
potheses represented a class of explanations (like heart
disease) while specific hypotheses represented concrete

diagnoses (like valvular defect). This enabled the ex-
perts to deal more successfully with anomalous data.
This finding is consistent with results from other do-
mains, where unspecific goals (and therefore hypothe-
ses) helped solving problems in mathematics or geom-
etry (Sweller, 1988). Further, unspecific goals also
helped to learn more easily and more effectively the
functionality of a complex computer-simulated system
(Burns & Vollmeyer, 2002). These authors also note
that one reason why the famous 2–4–6 task (Wason,
1960) was facilitated in the study of Tweney et al.
(1980), lies in the abstract hypotheses that were trig-
gered by the DAX/MED manipulation. Thus, abstract
hypotheses allowed to search the rule space more ef-
ficiently and consequently lead to better performances
while in the classical Wason study the specific 2–4–6
hypothesis mainly triggered instance space search.

However, the reported studies did not manipulate
different levels of hypotheses (abstract or specific) ex-
plicitly and mostly post-hoc. Furthermore, not all stud-
ies especially go into anomaly resolution as they are
concerned with general problem solving processes.

Therefore, the goal of this paper is to investigate
specific and abstract hypothesis together with anoma-
lies. Our first question is if there is an advantage of
abstract hypotheses over specific hypotheses when deal-
ing with anomalous data. We hypothesize that problem
solvers which hold an abstract hypothesis and are then
surprised by an anomaly find it easier to change to an
alternative hypothesis than those who hold a specific
hypothesis. The rationale is, that abstract hypotheses
trigger hypothesis space search while specific hypothe-
ses trigger experiment space search (Klahr & Dunbar,
1988). Our second question is concerned with specific
strategies that account for successful anomaly resolu-
tion and hypothesis revision. To investigate both re-
search questions we conducted a series of two experi-
ments. In the first experiment we had 30 participants
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working on an artificial universe called the Black Box
Task (Johnson & Krems, 2001). The task has many
similarities to real world tasks like scientific discovery or
medical diagnosis. These similarities include: (a) Se-
quential data processing, which means that new data
must be collected and evaluated based on a current hy-
pothesis. (b) The task allows the problem solver to
form multicausal hypotheses that together explain the
data. (c) Abstract and specific hypotheses can easily
be induced and contradicted by anomalous data. The
experimental tasks were designed in a way, that while
working on the task participants acquired either an ab-
stract or a specific hypothesis as an explanation of the
data. After they held a specific or abstract hypothesis
as an explanation, new data contradicted the hypothe-
sis and therefore led to an anomaly. In our first study
we used a predefined set of eight data points and the
anomaly occurred always as the fourth datum. The re-
sults clearly show that participants solved tasks where
an anomaly contradicted an abstract hypothesis signifi-
cantly better than tasks where an anomaly contradicted
a specific hypothesis. Analyzing successful participants
and the times they spent working on the tasks revealed
a result that points in the same direction. Participants
solved abstract hypothesis tasks faster than specific hy-
pothesis tasks. To reveal strategy differences we an-
alyzed the amount of proposed alternative hypotheses
after anomaly occurrence. We found that the amount
of proposed alternative hypotheses was higher for tasks
with an abstract hypothesis than for tasks with a spe-
cific hypothesis.

One argument against this first study is, that par-
ticipants could not fully generate data on their own but
had to rely on sequentially presented but predefined sets
of data. Therefore, our second study differed in one
important aspect from the first study. After anomaly
occurrence (fourth datum) participants were enabled to

generate their own data. To answer our first question
if abstract hypotheses facilitate anomaly resolution we
first analyzed the performance. Contrary to study 1 we
found no difference between the amount of solved tasks
with abstract and specific hypotheses. Given that par-
ticipants could generate their own data without any re-
strictions concerning the number the amount of solved
tasks is probably no sensitive measure anymore. There-
fore, we further analyzed completion times of the solved
tasks and found that tasks where an abstract hypothe-
sis was contradicted by an anomaly were solved faster
than specific tasks. To reveal strategy differences, we
analyzed the amount of self-generated data. Again the
results clearly indicated that abstract hypotheses facil-
itated anomaly resolution: Participants in the abstract
hypothesis condition needed less additional information
for changing the contradicted hypothesis and solving
the task correctly. Both studies lead to quite consis-
tent results. Anomaly resolution was facilitated if the
contradicted hypothesis was abstract. On the contrary,
anomaly resolution was more difficult if the contradicted
hypothesis was specific. Taken together, the results
nicely fit in the Scientific Discovery as Dual Search
(SDDS) framework (Klahr & Dunbar, 1988). Abstract
hypotheses can be viewed as hypotheses which facili-
tate hypothesis space search while specific hypotheses
seem to enforce instance space search. This interpreta-
tion is supported by the fact, that in our first study with
abstract hypotheses less alternative hypotheses have to
be considered for successful hypothesis change. Fur-
thermore, our second study revealed that in the case of
specific hypotheses participants had to generate more
data, therefore instance space search was significantly
enlarged for specific hypothesis tasks. Further implica-
tions of our results within the framework of SDDS and
Johnson and Krems’ (2001) theory of abductive reason-
ing will be discussed.
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An attempt has been made to use the basic mechanisms
of the dynamic and context-sensitive DUAL architec-
ture (Kokinov, 1994) that have been used for analogy-
making to describe judgment and choice as well.

An underlying assumption behind the JUDGEMAP
(Kokinov, Hristova, Petkov, 2004) model is that judg-
ment is based on a process of mapping between a set
of stimuli and the set of possible scale values. This
mapping is trying to keep the relational structure of the
two domains in correspondence, i.e. better stimuli to be
mapped on higher ratings. Another important assump-

tion is that the set of stimuli used as background when
evaluating a single target stimulus (called comparison
set) is dynamically constructed in WM by spreading ac-
tivation mechanisms and based on similarity with the
target stimulus. Then the target stimulus is included
in this comparison set. The ordering relations between
some of the stimuli in the comparison set are recog-
nized by the system. At the end, all elements of this
comparison set are mapped on the scale competing for
the specific scale values.

The result is that very few modifications of the ex-
isting AMBR (Kokinov, Petrov, 2001) mechanisms for
analogy-making have been made and some new mecha-
nisms have been developed, holding all principles of the
DUAL architecture. In addition, similarly to the view,
expressed by Medin, Goldstone & Markman (1995), it
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is assumed that the tasks for judgment and choice are
very close in the sense that the same mechanisms un-
derlie them. However, according to the model, when
choosing, the driving force is not to find the most proper
rating for a certain stimulus, but to find the most proper
stimulus that corresponds to the highest rating.

Simulation 1. Judgment

The items, given for judgment to JUDGEMAP in this
simulation represent students. Each student had two
exam scores and on the basis of these two scores the
model had to judge the overall performance of the stu-
dents. After that, only a part of the stimuli was used,
forming a positively skewed subset.

As a result, an overall significant overestimation of
the ratings when skewed set was judged was observed
(mean difference for each score 0.59, p<0.01). This
result pointed to contrast effect from the skew of the
stimuli’s distribution, exactly as is predicted by the Fre-
quency Principle (Parducci & Perret, 1971). In addition,
a non-uniform distribution of the ratings was observed,
even when a uniform set was judged (st. dev. was 1.39,
with expected for uniform distribution 2.03). The same
pattern was empirically observed by Petrov & Anderson
(2005). The same study also pointed to assimilation
according to the previous rating and contrast according
to the previous stimulus. Analogical result was detected
by the simulation (standardized regression coefficient for
the previous rating was 0.44, for the previous stimulus
was -0.42).

Simulation 2. Choice

This simulation tests the capability of JUDGEMAP-2
to make choices, using the same mechanisms as in the
judgment task. An experiment by Shafir, Siminson &
Tversky (1993) served for a template for this simulation.

Two gambles, named A and B were designed. The
probability of A was randomly chosen to be between
0.51 and 0.99, and the profit was randomly chosen to
be between 1 and 49. Then the probability and the profit
of the gamble B were chosen to be respectively between
0.1 and 0.49, and between 51 and 99 (see fig. 1).

A

B

C

O

profit

probability

Figure 1. Relative position of the stimuli, used

in simutaion for testing of choice making.

One more stimulus, named O was added. Its prob-
ability and profit were always zero. Without it, the sys-
tem would be unaware of the range of the given magni-
tudes.

The procedure of creating stimuli was repeated 100
times, varying randomly the exact value of the proba-
bility and the profit of each gamble, but keeping their
relative position. Thus, a hundred different knowledge
bases were created and the model was run on each one
of them. After the runs over all 100 knowledge bases
(KB), a fourth gamble C was added to each KB. Its
values for probability and profit were randomly chosen,
satisfying the constraints that its probability should al-
ways be lower than that of gamble B, and its profit
should always be between the profits of A and B.

As a result, when choosing between O, A, and B,
the system picked up A 49 times on the average, and B
— 51 times. In the second session, when the choice was
between four alternatives, JUDGEMAP preferred A 37
times, B — 60 times, and C — 3 times. The existence
of the alternative C turned out to be a significant factor
for the number of choices of A and B.

Thus, JUDGEMAP replicated the results obtained
by Shafir, E., Siminson, I., Tversky, A. (1993), and
demonstrated that the mechanisms for analogy-making
could be used for the tasks of judgment and choice.
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In this study, the processing of logical and non-logical
conditional arguments arguments are compared. The
logical argument is the Modus Ponens inference (MP):

If Mary is watching TV
then she is eating a cookie If p then q
Mary is watching TV p
Therefore, Mary is eating a cookie .: q

The non-logical argument is the �Affirmation of the
Consequent� (AC):

If Mary is watching TV
then she is eating a cookie If p then q
Mary is eating a cookie q
Therefore, Mary is watching TV .: p

The Modus Ponens is logically valid since if the
premises are true, it is impossible for the conclusion to
be false. In contrast, for AC, the fact that Mary is eating
a cookie (q) is true can be compatible with either Mary
watching TV (p) being true or being false. Hence, one
cannot make a determinate conclusion based on these
two premises. The results reported in the psychologi-
cal literature indicate that MP arguments are correctly
endorsed at rates that vary from 85% to 100%. In con-
trast, participants tend to accept the AC conclusion as
true (at rates that vary from 40% to 70%) while the
correct answer is that such a conclusion is indetermi-
nate. Many psychologists assume that such endorse-
ments arise because participants convert the conditional
so that it reads as a biconditional; in other words, If p
then q comes to mean If q then p as well.

In this study, we consider conditional reasoning as a
sequence of computational steps during which a state-
ment (a premise or a conclusion) has to be integrated
in the context of information previously processed. The
question we address is the following: what kind of event
related potentials (ERPs) arise at the time when infor-
mation is integrated? We identify two places where in-
tegrations occur in the two conditional arguments under
study. The first arises when the second or minor premise
appears subsequent to the major conditional premise.
In the event that the minor premise presents the condi-
tional’s antecedent, Modus Ponens is called for and the
integration of this minor premise typically prompts the

production of a definitive conclusion. In the event that
the minor premise affirms the consequent, the integra-
tion of the minor premise serves to ultimately prompt an
indefinite answer (to say inconclusive) or else a wrong
definitive one (to say true). The second point of inte-
gration arises when the conclusion is actually presented.
After having read a set of premises the reasoner may
have inferred an initial conclusion, C, and is therefore in
the position to evaluate a provided conclusion, C ‘. If
C and C ‘ coincide, expectations regarding the conclu-
sion will be satisfied in which case C ‘ will be endorsed.
If they do not, expectations regarding the conclusion
will not be satisfied and C ‘ will be rejected. Take for
instance the conclusion anomalous conclusion Mary is
eating a banana with the MP premises given above; it
definitely does not coincide with the conclusion Mary
is eating a cookie which logically follows from these
premises.

In the ERP experiment we carried out, we distin-
guished between logical participants (those who accept
MP arguments but not AC arguments) and pragmatic
participants (those who accept both MP and AC argu-
ments). The results indicate that logical participants
processed MP and AC arguments differently at two dis-
tinct levels of processing: at the minor premise level and
at the conclusion level. The distinction between MP and
AC can be made at the verb of the minor premise (e.g.
�watching� for MP vs. �eating� for AC). For logical
participants (N=15), the data show a greater positivity
for AC arguments 400–700 ms after this word was pre-
sented. The distinction between consistent and anoma-
lous conclusions can be made at the last word of the
argument (e.g. �cookie� vs. �banana� for MP argu-
ments). Our data show that logical participants yielded
a more positive ERP pattern for MP arguments than for
AC arguments. Furthermore, those participants elicited
a more positive ERP pattern for anomalous conclusions
than for non-anomalous conclusions.

Pragmatic participants (N=10) did not significantly
differ from logical ones at the minor premise level: their
processing of the verb of the minor premise also re-
sulted in a more pronounced positive component for AC
arguments than for AC arguments. At the conclusion
level, pragmatic participants, in contrast with logical
ones, processed MP and AC arguments in a similar way
since no significant difference was observed in the ERPs
for these two arguments. The only difference observed
for these participants was, as for logical participants, a
greater positivity of anomalous conclusions.
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