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On the perceived interdependence of space and time:
evidence for spatial priming in the
temporal kappa effect
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Summary
Perceived duration of interstimulus intervals is influenced by the spatial configuration of
stimuli. When participants judge the two intervals between a sequence of three stimuli presented
with different spatial distances, a greater distance between two stimuli makes the corresponding
time interval appear longer (kappa effect, Experiment 1). By employing a choice-reaction
time task, we demonstrate that this effect is at least partly due to a facilitating influence
of the preceding stimulus on the timing of the subsequent one while the timing of the first
stimulus presented is not influenced by the subsequent one. Moreover, reaction times to the
subsequent stimulus increased with spatial distance between successive stimuli, and this was
valid for a three-stimulus condition (Experiment 2) as weH as for a two-stimulus condition
(Experiment 3). Thus, our results provide evidence for spatial priming in the temporal kappa
effect.

12.1 Introduction
Perceiving space and time is often considered to be independent. However, the interdependency of both dimensions has been known for a long time and is most apparent in
the perception of moving stimuli. For example, in 1862 Zöllner discovered a subjective
spatial contraction of figures when moved behind a vertical slit (anorthoscopic distorted
pictures, see also Vierordt 1868; Parks 1965). Through the motion, the slit uncovered only
small figure seetions at any time, and apparently the perceptual integration of the temporally separated seetions contracted the figure spatially. This phenomenon (and related
phenomena, e.g., the Ansbacher effect, Ansbacher 1944, or the tandem effect, Müsseler &
Neumann 1992) demonstrates that perceived space depends on the temporal characteristics
of stimulus presentation, here as a consequence of stimulus motion.
The interdependency of space and time is not only observed with moving stimuli but with
stationary stimuli as weH. In an early study, Benussi (1913, pp. 285) presented participants
with three successive visual flashes of light at different locations, thus defining two spatial
distances and two temporal intervals. Benussi found that when two distances of equal size
were combined with two temporal intervals of unequal size, the distance judgments were
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in accordance with the temporal interval. That is, shorter temporal intervals were coupled
with shorter distance judgments and vice versa. Later on, this effect was also observed in
the auditory (e.g., Cohen et al. 1954) and in the tactile domain (e.g., Helson & King 1931).
Helson (1930) entitled this phenomenon the tau effect.
The tau effect stands for the influence of time on perceived space. The reverse influence,
that is, the influence of space on perceived time is also documented (Cohen et al. 1954;
Price-Williams 1954a). For example, in the displays of three stimuli when two intervals of
equal length were combined with two distances of unequal size, the temporal judgments
were in accordance with the spatial distances. That is, shorter distances were coupled with
shorter time judgments and vice versa. This phenomenon was referred to as the kappa effect
(Cohen et al. 1953). Nowadays, the tau-kappa phenomenon is a synonym for the perceived
interdependence of space and time (Bill & Teft 1969, 1972; Huang & Jones 1982; Jones &
Huang 1982; Sarrazin et al. 2004).
What can account for the tau-kappa phenomenon? At first sight, it seems to reflect
natural laws known from modem physics. A critical insight from Einstein's Theory of
Relativity was that space could not be comprehended without time and vice versa. So
it was not astonishing that in the middle of the last century the psychological tau-kappa
phenomenon was taken as evidence for the existence of a relativity principle that overlaps
scientific disciplines (e.g., Cohen 1969). In another context, however, we have already
c1aimed that dealing superficially with relativistic ideas is not sufficient to explain the
mechanisms underlying perceptual phenomena (Müsseler 1999). For this purpose, a more
strict application of the relativistic formulas would be necessary (Caelli et al. 1978; Drösler
1979). One of these formulas requires substituting f, in Einstein ' s physics the speed oflight,
with c*, the corresponding limited velocity of transmission in the visual system. Even if c*
is operationalized and estimated in psychological terms, the empirical data of the tau-kappa
experiments does not easily fit the relativistic assumptions (for details see Müsseler 1999).
An alternative explanation that assumes the effect is based on the tendency to perceive
constant velocity as apparent motion between the stimuli fits the data much better. Huang
and Jones (1982), for example, found evidence that the tau effect depends on a weighted
average of distance and the expected distance traversed in the given time at constant velocity
(see also Jones & Huang 1982). However, Collyer (1977) and Sarrazin et al. (2004) reported
data that were inconsistent with this conc1usion. The authors referred to situations in which
the tau-kappa phenomenon was not observed, although it should have been based on the
constant-velocity hypothesis. Thus, the constant-velocity hypothesis seems to be valid only
in a givenllimited range of temporal and spatial stimulation.
Here we examine a different explanation of the kappa effect. It is based on a neural network account originally developed for the processing of moving stimuli (e.g., Jancke 2000;
Erlhagen & Jancke 2004; see also Müsseler et al. 2002), but the underlying assumptions
should be equally applicable to stationary stimuli. In consonance with Erlhagen and Jancke
(2004) we assume that the presentation of a stimulus elicits a spatial activation pattern
that is not restricted to the area covered by the stimulus. Rather activation spreads to and
integrates contextual information from adjacent parts of the visual field. Three properties
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Fig. 12.1 Schematic illustration of the model assumptions. Two stimuli are presented one after the
other with a large (A) and small (B) interstimulus distance. The presentation of a stimulus elicits
the buildup of an activation pattern, which is not restricted to the area covered by the stimulus but
rather spreads its activation to the adjacent parts of the visual field (gray gradient). The point in
time illustrated relative to S2 was just presented. Accordingly, the activation pattern of SI is more
advanced when the activation pattern of S2 (as indicated by the arrows) speeds up. Both activation
patterns do not affect each other with a large interstimulus distance (A), but they do with a small
interstimulus distance (B). In the latter case the activation pattern of S2 integrates and accumulates
contextual information from SI with the consequence that the processing of S2 speeds up.

of the account are important in the present context: (1) The buildup of the activation pattern
takes time. (2) The activation pattern gradually decays with the distance from the stimulus. (3) Activation accumulates when two stimuli overlap spatially (cf. also the spatial
distribution of visual attention after priming, e.g., Downing 1988; Steinman et al. 1995).
This account developed for the processing of moving stimuli can also be applied to explain
effects observed with spatial priming of stationary stimuli (Posner 1978, 1980).
How can these ideas account for the kappa effect? Let us consider first a two-stimulus
situation illustrated in Fig. 12.1. Two stimuli are presented successively with a large
(Fig. 12.1A, i.e., SI and S3) and small (Fig. 12.IB, i.e., SI and S2) interstimulus distance.
The presentation of each stimulus elicits the buildup of an activation pattern, which comprises adjacent stimulus areas (gray gradient). The point in time is illustrated when S2/S3
was just presented. Accordingly, the activation pattern of SI is spatially more advanced
than the one of S2/S3 (as indicated by the arrows). The activation patterns do not affect
each other with a large interstimulus distance (A) but do with a small interstimulus distance
(B). In the latter case, the activation pattern of S2 integrates and accumulates contextual
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Fig. 12.2 (A) Spatial arrangement of the stimuli (S). Example of a stimulus presentation (large dots)
and possib1e other positions (smal1 dots). d: distance. (B) Temporal arrangement of the stimuli. i:
interval.

information from SI with the consequence that the processing of S2 is speeded up. Thus, the
spatial vicinity of the stimuli should decrease the processing time of the second stimulus (cf.
the perceptual-Iatency-prirning account, e.g., Scharlau & Neumann 2003; Scharlau 2004).
From this, it becomes immediately clear that the kappa effect should emerge from a
situation with three stimuli. With temporal intervals of equal size, a reduced processing
time of S2 should result from the smaIler spatial distance SI - S2, while a reduction is not
expected with the larger distance S2 - S3. Correspondingly, the temporal interval SI - S2
should be perceived as being shorter than the interval S2 - S3.
The subsequent experiments aimed to examine this spatial-prirning hypothesis. In Experiment 1 participants judged the temporal intervals between stimuli to establish the conditions
in which the kappa effect is observed. With these conditions, participants performed choice
reaction times to each of the three stimuli in Experiments 2 and 3. Choice reaction times
were used as an indicator of the corresponding processing times of the stimuli.

12.2 Experiment 1
To establish the conditions in which the kappa effect can be observed participants judged
the temporal intervals between three visual stimuli. Three different spatial distances were
combined with three different temporal intervals (cf. Fig. 12.2). It was expected that the
temporal judgments of the intervals would depend on the interstimulus distances (kappa
effect).

12.2.1 Methods
Participants. Fourteen adults participated in the experiment. In the present as weIl as in
the subsequent experiments aIl participants reported having normal or corrected-to-normal
vision. Most of the participants were students at University of Munieh.
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Fig. 12.3 Mean proportion (P) of first-interval-1onger responses as a function of d, and for each level
of i,. Error bars indicate standard error between participants. Note, d, + d2 was always 6° and i, + h
was always 400 ms (Experiment 1).

Apparatus and stimuli. The experiment was controlled by a Macintosh computer. The
stimuli were presented on a 17-inch CRT monitor with a refresh rate of 75 Hz and a
luminance of approximately 40 cd/m2 . The rest of the room was dimly lit. The participants
sat with their head in a forehead and chin rest facing the computer screen 50 cm in front
of the monitor. We used white stimuli (dots) on a black background (0.40 degrees of visual
angle; presentation time was 13 ms).

12.2.2 Design and procedure
On each trial, the participant observed a sequence of three stimuli, the first and the third
of which covered 6.0° of visual angle, that is, D = d l + d2 = 6° (see Fig. 12.2). The three
possible values of d l were 1.8°,3.0°, and 4.2°. The total presentation duration was fixed at
400 ms (I = i l + h = 400 ms). The three possible values of i l were 120 ms, 200 ms, and
280 ms (interstimulus intervals). Presentation direction was held constant from left to right.
During each block of ninety trials there were ten replications of each of the nine d l - i l
combinations with the order of presentation being randomized. Each participant took part
in six blocks. The participant responded by pressing one of two response buttons to indicate
whether the first or the second temporal interval appeared to be the longer one.
The experiment began with a training block in which participants had to judge only
conditions in which the spatial arrangement was symmetrical (d l = d2 = 3.0°) and the
temporal interval was asymmetrical (il =1= i2 ). In the training block feedback ("correct" or
"wrong") was given after each trial. Training was complete when the participants reached
85% correct answers within the last twenty trials.

12.2.3 Results and discussion
The mean proportion of responses in which the participant indicated that the first temporal
interval was longer for each d l - i l combination is shown in Fig. 12.3. The mean values
were entered into a repeated-measures analysis of variance (ANOVA) that distinguished

186

II Temporal phenomena: perception

two within-subject factors: time and distance. Both factors and the interaction reached
significance [time: F(2, 26) = 7.45, p = 0.003; distance: F(2, 26) = 22.89, P < 0.001;
time x distance: F(4, 52) = 5.64, P = 0.001].
The significant effect of time indicated that participants were able to clearly discriminate
the different temporal intervals. Under conditions of equal spatial separation between
stimuli (d i = dz = 3.0°) participants were able to distinguish the two interval durations
(il = 120ms: P= 0.33 ori l = 280ms: P= 0.64), whereas theywere at chance (P = 0.51)
with intervals of equal duration (i l = i2 = 200 ms). The same was true in principle for the
other two spatial conditions.
Moreover, the significant effect of the factor of distance indicated an influence of the
spatial distances on the temporal judgments. When the first spatial distance was shorter
than the second one (d i = 1.8°), participants tended to underestimate the duration of the
first temporal interval, whereas they overestimated the duration of the first temporal interval
when the first spatial distance was longer than the second one (d i = 4.2°). This effect was
especially pronounced in conditions in which both intervals had the same duration (i 1 = i2 =
200 ms) and somewhat less pronounced when the two intervals were not of equallength,
thus leading to the significant interaction. In any case, the temporal judgments showed the
expected dependency on the interstimulus distances (i.e., the kappa effect).

12.3 Experiment 2a-c
After having established the kappa effect in Experiment 1, we tested our spatial-priming
hypotheses by applying a choice reaction time task. Three parallel experiments were conducted in which participants responded as fast as possible to the left or right "mouth" of
a Pacman figure presented at the first stimulus position (Experiment 2a), the midposition
(Experiment 2b), or the third position (Experiment 2c). The remaining two stimuli in each
subexperiment were the dots presented in Experiment 1. Here, we kept the temporal intervals constant (i.e., i l = iz = 200 ms) and manipulated only the spatial distances by using
the same values as in Experiment 1. What did we expect in each subexperiment?
In Experiment 2a participants had to react to the Pacman figure in the first position.
According to our account, the buildup of an activation pattern for a second stimulus is
influenced by the activation pattern of a preceding one but not vice versa. Thus, the
processing of SI should not be affected by the presentation of a subsequently presented
stimulus (Note 1). Consequently, the manipulation of the spatial distances between SI and
S2 and Sz and S3 should not have affected choice reaction times to SI. Alternatively, the
subsequent stimulus S2 might have masked the previous stimulus SI, especially under close
spatial conditions. Such a masking account would predict that reaction times suffer from
the subsequent stimulation.
In Experiment 2b the Pacman figure was presented in the midposition (S2). If our
assumption that the previous presentation of a stimulus affects the processing speed of a
subsequent one is correct, then a spatial overlap in the activation patterns should hasten
processing time of S2 under conditions with small spatial distances compared to less
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overlap under conditions with medium spatial distances and nonoverlap with large distances.
Therefore, reaction times to S2 were predicted to increase with an increase in spatial distance
(d I ) between SI and S2.
In Experiment 2c the reverse pattern of reaction times was predicted. When the Pacman
figure was in the third position, the preceding stimulus S2 was closest when d l was largest.
Again, in this case the buildup of an activation pattern for the stimulus (here S3) should
benefit more by the activation pattern that overlaps spatially with the previous presentation
(here S2). Thus, reaction times were predicted to increase with an increase in spatial distance
(d2) between S2 and S3 (and thus to decrease with an increase in spatial distance d I).

12.3.1 Methods
Participants. Altogether forty-seven adults participated in Experiment 2, fifteen in Experiment 2a, and sixteen each in Experiments 2b and 2c.
Apparatus and stimuli. The apparatus and stimuli were the same as in Experiment 1 with
the exception that the first dot (Experiment 2a), the second dot (Experiment 2b), or the third
dot (Experiment 2c) were replaced with a Pacman figure (a disk with a notch) that had the
notch (the "mouth") either on the right or the left side.

12.3.2 Design and procedure
The spatial features of the stimulus presentation were as in Experiment 1. However, with
regard to the temporal manipulation only the condition with identical intervals was presented
(il = h = 200 ms). During each block of eighteen trials there were three replications of
each of the six conditions (3 spatial conditions x 2 stimuli) with the order of presentation
being randOlnized. Each participant took part in twenty blocks of trials.
The task of the participant was to identify whether the "mouth" of the Pacman was on
the right or on the left side of the first (Experiment 2a), the second (Experiment 2b), or the
third stimulus (Experiment 2c). Stimulus presentation was again always from left to right.
Participants responded by pressing one of two response buttons. At the end of each block,
participants received feedback about their mean reaction time and the number of errors in
the preceding block. At the beginning of each subexperiment there was a training block
that was not analyzed.

12.3.3 Results and discussion
Trials with reaction times lower than 100 ms and greater than 1000 ms were counted as
errors. Median reaction times and percentages of errors for every participant and each
condition were entered into two overall 3 (position of the Pacman figure) x 3 (distances d I ) ANOVAs with repeated measures on the second factor. In the ANOVA of
reaction times the main effects were not significant (both p > .10). As expected, the
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Fig. 12.4 Mean reaction times and error percentages as a function of d 1 in the choice-reaction-time
task on the first stimulus (Experiment 2a), the second stimulus (Experiment 2b), and the third stimulus
(Experiment 2c). In this experiment the intervals were always i 1 = iz = 200 ms.

ANOVArevealedasignificantinteraction (F[4, 88] = 11.06 and p < .001). Theerror analysis revealed significant main effects (position: F(2, 44) = 4.55, p = .016; distance d l :
F(2, 88) = 17.03, p < .001) and a significant interaction (F(4, 88) = 18.97, p < .001).
To test our specific hypotheses separate analyses were conducted for each of the three
subexperiments .
In the first subexperiment (2a), the Pacman figure appeared in the left position as the
first stimulus in the display. According to our assumption that the processing of the Pacman
figure is only affected by previously presented stimuli, we predicted no systematic effect
of distances d l on the reaction times.
Mean reaction times and mean percentage of errors across participants in the three
different spatial conditions are shown in Fig. 12.4A. There were only minor deviations
from the grand mean reaction time of 376 ms. Accordingly, a repeated-measures ANOVA
with the within-subject factor distance was not significant (F[2, 28] = 1.03, p > .30).
Mean percentages of errors were 7.0% (d l = 1.8°), 7.8% (d l = 3.9°), and 5.6%
(d l = 4.2°). The corresponding ANOVA was significant (F(2, 28) = 3.62, p = .040)
because of the slight reduction of errors in the condition d l = 4.2°. This reduction indicates
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that the probability for identifying the Pacman figure correctly increased slightly with the
spatial separation from the other stimuli. However, the error differences between conditions
were small.
In Experiment 2b, the Pacman figure appeared in the midposition as the second stimulus in the display. We predicted an increasing processing time advantage of S2 with
decreasing distance from SI. Mean reaction times and mean error percentages are shown in
Fig. 12.4B. The ANOVA revealed a significant effect of the distances d l on the reaction
times (F(2, 30) = 6.97, p = 0.003). An increase in reaction times was mainly observed in
the condition with the greatest d l (404 ms with d l = l.8°, 405 ms with d l = 3.0°, and 421
ms with d l = 4.2°).
Note that the mean reaction time (410 ms) in Experiment 2b was about 35 ms higherthan
in Experiment 2a (376 ms). Instead, facilitation by a previously presented stimulus should
lead to a reduction in overall reaction times. We suggest that the spatial uncertainty of
the Pacman figure prolonged overall reaction times. Nevertheless, reaction times increased
with an increase of d I , as predicted by our hypothesis. This increase in the reaction times
is accompanied by a corresponding increase in the error rates (F(2, 30) = 30.32, p < .001).
Errors increased significantly from 5.9% (di = l.8°) to 9.9% (d i = 3.0°) and 18.9% (di =
4.2°). Thus, a speed-accuracy trade-off can be mIed out.
In the last subexperiment (2c), the Pacman figure appeared in the rightmost position as
the third stimulus in the display. Contrary to Experiment 2b, we predicted that S3 processing
would profit most from S2 when the distance between S2 and S3 was small as opposed too
large.
Mean reaction times and mean error percentages are shown in Fig. 12.4C. As expected,
reaction time decreased from 393 ms (d i = l.8°) to 382 ms (d2 = 3.0°) and 374 ms
(d i = 4.2°). Accordingly, the ANOVA showed a significant influence of the distances d l on
the reaction times (F(2, 30) = 16.27, P < .001). In this experiment, errors did not differ
significantly (F(2, 30) = 1.4, p > .30).
In sum, the results obtained in Experiment 2a-2c support the predictions from the
spatial-priming hypothesis, that is, under conditions with small interstimulus distances,
the processing of a second stimulus is speeded up as compared to situations with large
interstimulus distances, in which no overlap of activation patterns is likely.
However, there is another factor that may have influenced the choice reaction time, at
least in part: eye movements. Under the typical conditions, in which the kappa effect can
be observed, eye movements are not controlled; the same holds for our Experiment 2. It
might well be that participants' fixation behavior is responsible for the results, instead of
spatial priming. Here it is important to remember that the spatial positions of SI and S3
were always constant and, thus, predictable to the participants. To react as fast as possible to
the critical stimulus, participants probably fixated its expected location. In Experiment 2a,
in which the task was to react to SI, fixation of the left stimulus resulted in S2 and S3 being
presented in the right peripheral visual field. As predicted by the priming account, reaction
time is not influenced by S2 and S3. But this might also be a result of the fact that stimuli
presented in the peripheral visual field are easy to ignore.
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On the other hand, the same strategy should have been possible in Experiment 2c, but
reaction time results are different. Here, participants most probably fixated the location of
S3, the rightrnost stimulus, resulting in SI and S2 being presented in the left visual field.
Nevertheless, the spatial distance between S3 and the preceding stimulus S2 had an influence
on the reaction time to S3. Thus, it is the peripheral onset and the temporal sequence of the
previous events that affect processing times.
In Experiment 2b, the situation is somewhat more complicated. The spatial position of
the critical stimulus S2 varied from trial to trial. A possible strategy of the participants
rnight have been to fixate the middle of the stimulus array. In this case, S2 would have
the same distance from the fixation point under conditions d l = 1.8 and d l = 4.2 But
with d l = 1.8 SI and S2 would be in the left visual field, whereas with d l = 4.2 SI first
appears in the left peripheral visual field and is then followed by S2 appearing in the right
peripheral visual field (with S3 always appearing in the right peripheral visual field). The
observedincreaseinreaction times to S2 atd i = 4.2 rnight therefore be aresultofS I and S2
being presented in different visual fields - and not be a consequence of the spatial distance
between the two stimuli. To test this alternative explanation, in the following experiment
we kept the visual field, in which the stimuli were presented, constant by controlling visual
fixation.
0

0

0

•

0

0

12.4 Experiment 3
The aim of Experiment 3 was to replicate the main results obtained in Experiment 2 under
controlled fixation. To support the spatial-priming account, choice reaction times should
decrease with decreasing spatial distance between successive stimuli; however, there should
only be an influence of the preceding stimulus on the following one but not vice versa.
Thus, we replicated Experiment 2b with the following important modifications. S2 location
was fixed at the center of the screen and participants were instructed to fixate this location.
As a consequence, SI always appeared in the left visual field and S3 always in the right
visual field with varying distances to S2. Moreover, we tested the generalizability of the
prediction that the preceding stimulus has an influence on the following one and not vice
versa by comparing the three-stimulus situation with a two-stimulus condition (SI and S2
only).

12.4.1 Methods
Participants. Twelve adults participated in the experiment.
Stimuli and design. The apparatus and stimuli were identical to those used in Experiment
2b, except that the second stimulus showed the Pacman figure with a notch either in the
upper or lower part of the figure (requiring upper and lower key presses). Thus, the leftright decision in the previous experiments was changed to an up-down one to avoid S-R
compatibility effects in reaction times. Additionally, the Pacman was always presented at
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Fig. 12.5 Mean reaction times and error percentages as a function of d 1 in the choice-reaction-time
task on the second stimulus (Experiment 3). Again, the intervals were always i 1 = h = 200 ms.

screen center. As a fixation mark two verticallines (0.4 each) were presented throughout
the experiment 0.7 above and below screen center.
Two conditions were compared. In the two-stimulus condition, only SI and S2 were
presented. In the three-stimulus condition, all stimuli were presented as in Experiments
1 and 2. Conditions were presented blockwise with the order of blocks counterbalanced
among participants.
0

0

12.4.2 Monitoring 0/ eye fixation
The horizontal position of the left eye was monitored with a head-mounted and infrared
light-reflecting eye-tracking device (Skalar Medical B.Y., IRIS Model 6500). If a saccade
was detected during the presentation of the stimulus, feedback in the form of a tone was
provided. The corresponding data (1.3%) were exc1uded from further analyses.

12.4.3 Results and discussion
Mean reaction times and mean error percentages are shown in Fig. 12.5. A 3 (distances
d 1 ) x 2 (two-stimuli vs. three-stimuli condition) ANOVA revealed a significant effect
of the distances d 1 on the reaction times (F(2, 22) = 7.62; P = 0.003). Collapsed across
conditions, the reaction times increased from 379 ms with d 1 = 1.8 to 390 ms with
d 1 = 3.0 and 4.2 The main effect of condition and the interaction of it with distance
were not significant (p > .20). A corresponding ANOVA analyzing errors revealed no
significant effects.
The results again support the predictions of the priming hypothesis and rule out the
alternative explanation forwarded in Experiment 2 based on an influence of the visual
field on reaction times. If S2 is presented in c10se spatial proxirnity to SI reaction times
to S2 are faster than if their spatial separation is large. Moreover, results revealed no
difference between the two-stimuli versus three-stimuli condition, indicating a more general
phenomenon. Finally, the lack of difference between conditions also supports the notion
that only preceding stimuli have an influence on the reaction times but not subsequent ones.
0

0

0

•
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12.5 General discnssion
The present study investigated the effect of spatial distances between stimuli on the perceived duration of interstimulus intervals (kappa effect). In Experiment 1, the two temporal
intervals between three spatially separated stimuli appeared to be longer when the spatial
distance between stimuli was increased. In Experiments 2 and 3, participants performed
choice reaction times to each of the three stimuli to measure the processing times of the
stimuli. The results obtained in these experiments support the notion that the kappa effect
originates from a facilitating influence of the preceding stimulus on the (time taken to
process the) subsequent one. An influence of subsequent stimuli on the preceding ones was
neither predicted nor observed.
On the basis of our choice reaction time experiments we can exdude response bias
explanations of the kappa effect. Namely, participants might be influenced by the spatial
context under conditions with large response uncertainty, especially if they have to judge
two intervals of equal length but are forced to give a two-choice answer ("is the first
intervallonger or shorter than the second interval?"). Such a response-bias explanation
might explain the results obtained in time estimation tasks; however, it does not apply to
the choice reaction time tasks used to measure time estimations in the present study.
The results are in line with the neural network account presented in the introduction
(J ancke 2000; Müsseler et al. 2002; Erlhagen & J ancke 2004), developed for the processing
of moving stimuli but now extended to stationary stimuli. The presentation of each stimulus
elicits a spatial activation pattern, which is not restricted to the area covered by the stimulus
but spreads its activation to and integrates contextual information from adjacent parts of the
visual field. The same is true whether two (or three) stimuli are presented in relatively dose
spatial and temporal proximity. With a large spatial interstimulus distance the resulting activation patterns do not affect each other. With a small interstimulus distance, the activation
pattern of the second stimulus integrates and accumulates contextual information from the
first stimulus with the consequence that the processing of the second stimulus is speeded
up. Our results show that the spatial vicinity of the stimuli decreases the processing time
of the second stimulus (spatial-priming hypothesis). The postulated priming mechanism is
similar to basic neurophysiological mechanisms that have been suggested to account for
the processing of moving stimuli (e.g., Berry et al. 1999; KITschfeld & Kammer 1999;
Erlhagen & Jancke 2004; Jancke et al. 2004).
Converging evidence for the spatial-priming hypothesis can be found in the metacontrast
paradigm. Here, two stimuli are presented at the same location with short interstimulus
intervals. Similar to the kappa paradigm, the presentation of both stimuli should elicit
spatial activation patterns, which are integrated and accumulated resulting in a speeding
up of the processing of the second stimulus. Indeed, by applying a synchronization task, a
predating of the mask (second stimulus) was shown but no influence of the timing of the
test stimulus (first stimulus) was observed (Aschersleben & Bachmann 2007). Moreover,
this effect was independent of whether the first stimulus was masked by the second one
or not. Temporal order judgments were elicited to determine the perceived timing of the
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second stimulus in the metacontrast paradigm. As predicted by the priming hypothesis,
various studies revealed a decrease in the processing time of the second stimulus (e.g.,
Bachmann 1989; Neumann et al. 1993; Aschersleben 1999; Steglich & Neumann 2000;
Scharlau & Neumann 2003; Scharlau 2004). However, it is important to note that the results
produced by different methods used have to be cautiously compared, at least with respect to
the absolute size of the effects. Although temporal order judgments require an unspeeded
perceptual response, reaction time tasks require participants also to program and initiate a
speeded motor response. Often the size of the observed effects is smaller in reaction time
tasks as compared to perceptual judgment tasks, although the effects are typically in the
same direction (see Aschersleben 1999, for an extended discussion).
In addition to the purely temporal interpretation of the prime's impact on the processing
of the second stimulus, the priming hypothesis can be extended based on the present results.
The effect of the activation pattern elicited by the first stimulus is not restricted to its spatial
position, but it is deterrnined by its position (spatial and temporal priming). With increasing
spatial distance to the location of the prime its effect declines, thus the facilitatory effect on
the processing ofthe subsequent stimuli is reduced (cf. also Shulman et al. 1985). Moreover,
as assumed by the model, the activation patterns of stimuli at different spatial positions can
not only overlap in space and time but the activation can accumulate, that is, it can result in
an increase in the activation pattern of the second stimulus.
To conclude, we suggest that the kappa effect, a temporal phenomenon indicating that
the perceived duration of interstimulus intervals is influenced by the spatial configuration of
stimuli, results from a spatial and temporal priming of the subsequent stimuli by preceding
ones via overlapping activation patterns. The suggested account is a general framework
that is not limited to the kappa phenomenon but can also be applied to other phenomena
observed with stationary as weIl as moving stimuli.
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