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Attention and schema violations 
of real world scenes differentially 
modulate time perception
Ourania Tachmatzidou  & Argiro Vatakis *

In the real world, object arrangement follows a number of rules. Some of the rules pertain to the 
spatial relations between objects and scenes (i.e., syntactic rules) and others about the contextual 
relations (i.e., semantic rules). Research has shown that violation of semantic rules influences interval 
timing with the duration of scenes containing such violations to be overestimated as compared 
to scenes with no violations. However, no study has yet investigated whether both semantic and 
syntactic violations can affect timing in the same way. Furthermore, it is unclear whether the effect 
of scene violations on timing is due to attentional or other cognitive accounts. Using an oddball 
paradigm and real-world scenes with or without semantic and syntactic violations, we conducted two 
experiments on whether time dilation will be obtained in the presence of any type of scene violation 
and the role of attention in any such effect. Our results from Experiment 1 showed that time dilation 
indeed occurred in the presence of syntactic violations, while time compression was observed for 
semantic violations. In Experiment 2, we further investigated whether these estimations were driven 
by attentional accounts, by utilizing a contrast manipulation of the target objects. The results showed 
that an increased contrast led to duration overestimation for both semantic and syntactic oddballs. 
Together, our results indicate that scene violations differentially affect timing due to violation 
processing differences and, moreover, their effect on timing seems to be sensitive to attentional 
manipulations such as target contrast.

Every object in the world has its own place. This arrangement of items not only is not random but is also charac-
terized by a few rules. These rules are referred to as “syntactic” and “semantic” (as termed  in1) and indicate the 
appropriate spatial coordinates of several objects in a visual scene. Syntactic relations refer to the spatial relations 
of scenes and objects, while semantic relations within an object and a scene are about the probability, size, and 
position of the given object in the scene. In this latter case, knowing the object’s identity and function is required. 
A more recent and slightly different interpretation of semantic and syntactic relations among objects and scenes 
comes from Vo and  Wolfe2. According to them, semantics are about the object’s fitting into the global context of 
a scene, while syntactic relations refer to objects being at their expected location in a scene. This notion was fur-
ther supported by the different neural representations of semantic and syntactic scene violations with the former 
producing negative deflections in the N300-N400 time window, while the latter positive deflections in the  P6002,3.

This so-called scene “grammar” is, thus, responsible for our understanding of the visual environment, the 
recognition of the objects in it, and, moreover, the execution of specific actions depending on the  surroundings4. 
It can also assist one in inferring additional information, like the existence of other objects in the scene and their 
position in  it5. However, what happens when scene grammar rules are violated, is equally interesting. An early 
study from Loftus and  MacKworth6 showed that semantically inconsistent objects in a scene (i.e., an octopus 
in a farmyard) were fixated faster and for longer times compared to consistent with the scene objects. These 
findings along with more recent  ones7,8 suggest that objects that violate scene grammar might attract attention 
even before becoming fully identified by the observer. That is also known as the pre-attentive pop-out  effect9. 
Yet, this effect has not always been reported, with some studies showing that when semantic and syntactic viola-
tions are applied, inconsistent objects are identified slower and less accurately than the consistent  ones1,10,11. In a 
more recent study, Vo and  Henderson12 investigated the degree of attentional capture via eye-movements when 
semantic and syntactic inconsistencies were present in real-world scenes. Their results did not support the pre-
attentive pop out account, as they saw that there was no extrafoveal processing of inconsistent objects. However, 
they found that after fixation, gaze duration for inconsistent objects was longer and that first fixation was even 
longer for syntactically inconsistent objects compared to semantically inconsistent ones. Thus, suggesting that 
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syntactic and semantic inconsistencies are processed in the fovea area (i.e., the area with the greatest visual acu-
ity that is responsible for object identification) and, moreover, that a prolonged attention allocation is needed 
(even greater for the syntactic violations). This research points out the need to further investigate not only the 
perception of those violations as a function of attention, but also their potential differential effects on perception 
(i.e., semantic versus syntactic).

The effects of scene violations in perception have been investigated in the timing domain (note that we use 
the terms “timing” and “time perception” interchangeably to refer to the experienced or subjective temporal 
value that one utilizes to make their judgement; e.g.,13). For instance, Clarke and  Porubanova14 examined the 
role of semantic knowledge for real-world scenes and objects, hypothesizing that violations of that knowledge 
would lead to duration overestimations, as a result of the increased neural processing needed for their encod-
ing. They, thus, presented images of real-world scenes with semantic violations or no violations in a duration 
reproduction task. They also included an attentional manipulation by either drawing or distracting participants’ 
attention to the violations presented (i.e., participants were asked to report scene-object inconsistencies or the 
main character’s gender by pressing a key, respectively). Analyses showed that scene duration in the presence 
of a violation (i.e., semantic) was overestimated as compared to no violations, an effect that was independent of 
the attentional manipulation used. These findings were interpreted based on the neural energy model of time 
 dilation15 that supports that perceived duration correlates positively with the amount of cognitive and neural 
processing necessary for stimulus encoding (i.e., coding efficiency; cf.16,17). This model is an alternative to the 
idea that subjective time expansion is driven by attentional accounts (e.g.,18–20). An example of the latter account 
can be found in Tse et al.’s20 study that showed evidence of time dilation due to the allocation of attention to an 
unexpected stimulus (cf.21–23). Specifically, using an oddball paradigm, where a low-probability stimulus (i.e., 
odd) is presented in a stream of high-probability stimuli (i.e., standards), the former was perceived as longer 
compared to the latter stimulation. Such accounts are, also, in line with Schweitzer et al.’s24 study, where they 
utilized contextually-associated (e.g., standard was a pizza and odd a pizza cutter) and non-associated (i.e., 
standard was a pizza and odd a rubber duck) odds in an oddball paradigm, in which, as expected, both odds 
were overestimated as compared to standards, yet the contextually-associated odds exceeded the temporal dila-
tion of the non-associated ones. [It must be noted here, however, that the objects in this study were presented in 
isolation and not in the context of a scene. Thus, this study does not really refer to a scene violation, but rather 
to a semantic congruence or incongruence of the stimulus stream presented in each trial]. It was argued that the 
larger dilation occurred due to the attraction of top-down attention to the contextually associated  oddballs24.

Given the prolonged attentional allocation accounts in the scene grammar violation literature (e.g.,12) and 
the time dilation noted for semantic-like scene  violations14, one wonders whether any schema violation (i.e., 
violation of an existing mental construction about the real world; e.g.,25) would lead to an expansion of timing 
and, moreover, whether attention is the main cognitive effect involved in this phenomenon. In the present pre-
registered study (see pre-registration here https:// doi. org/ 10. 17605/ OSF. IO/ S3QT5), therefore, we aimed to inves-
tigate these issues by conducting two experiments. In Experiment 1, we utilized the oddball paradigm along with 
naturalistic visual scenes with or without violations, with the violations being of syntactic or semantic  form26. 
We hypothesized that in the presence of both semantic and syntactic violations, time dilation would occur due 
to the prolonged attentional allocation to the  violation14,24. We, also, expected that this dilation would be greater 
in the presence of a syntactic as compared to a semantic violation given that the initial encoding of the former 
requires more time than the latter (cf.12). In Experiment 2, we utilized the same setup as in Experiment 1, but 
we manipulated attention allocation to the target objects of the violation by increasing their contrast relative to 
their background, an effect known to modulate attention (cf.27,28). We hypothesized that time dilation would be 
observed for both types of violations. Yet, we expected that the effect would be stronger in the increased contrast 
conditions due to an increased gaze allocation to the  target27. The results of these two experiments are expected 
to inform the scene grammar literature in terms of the conflicting accounts of pop-out or prolonged attentional 
processing and the timing literature in terms of the mechanisms underlying time dilation.

Experiment 1
Methods. Participants. G*Power29 was used to perform an a priori power analysis for a one-sample t-test, 
comparing participants’ duration estimations with the standard duration. The effect size for this analysis was 
estimated based on Cohen’s  guidelines30. This indicated that the best estimate of the true population standard-
ized mean difference was δ = 0.80, meaning that duration estimations will be reported as higher or lower from 
the standard duration. This effect size estimate was entered into the power analysis with the following input 
parameters: a (two-sided) = 0.05, power = 0.95. The power analysis results suggested that a N = 23 is required in 
this study to detect a difference between the mean of the estimated durations and the standard duration value.

A similar a priori power analysis was also performed for a repeated measures analysis of variance comparing 
duration estimation for real-world scenes with violations (i.e., syntactically, semantically) with duration estima-
tions for each type of scene utilized. This indicated that the best estimate of the true population standardized 
mean difference was δ = 0.40, meaning that the duration estimations will be different among scenes with differ-
ent violations and type. This effect size estimate was entered into the power analysis with the following input 
parameters: a = 0.05, power = 0.95. The power analysis results suggested that a N = 12 is required in this study to 
detect a difference between the two conditions with 95% probability.

We recruited twenty-nine participants, assuming that some participants may not follow the experimental 
instructions or complete the study. All participants were university students (23 female), aged between 19 and 
32 years old (mean age = 21) with normal or corrected to normal vision. Participants participated voluntarily for 
their own interest or the extra credit course opportunities offered in the University through online advertise-
ments and social media posts. When they expressed interest in participating, they were provided with detailed 
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information about the experimental procedure, and they signed the informed consent documentation. This 
study was approved by the ethics committee of the Panteion University of Social and Political Sciences (proto-
col number: 33/27-6-2022). All methods included in the present study were performed in accordance with the 
institution’s relevant guidelines and regulations.

Apparatus. The experiment was programmed and run on OpenSesame 3.331. The stimuli were presented on a 
21.5-inch FUJITSU Display E22-8 TS Pro computer monitor, set at 1920 × 1080 resolution. The operating system 
was Windows 10.

Stimuli. Nine color images (i.e., 3 scenes with no violations and their respective scenes with 3 semantic and 
syntactic violations) with a standard 4:3 aspect ratio and 1.024 × 768-pixel resolution, captured in the real world 
(i.e., in several different apartments) and containing items that are essential to every household (toilet paper, cup, 
remote control etc.) were used. These essential items served as the target objects that allowed for the creation of 
the semantic and syntactic violations. In the semantic violation condition, a semantically inconsistent object was 
presented in a syntactically consistent location (i.e., a cup in the bathroom). In the syntactic violation condition, 
a semantically consistent object was presented in a syntactically inconsistent and physically impossible location 
(i.e., a floating cup in the kitchen; see Fig. 1). All images were taken from the SCEGRAM database, an image-set 
that contains standardized semantic and syntactic object-scene  inconsistencies26. We selected the semantic and 
syntactic item violations to create the semantic and syntactic oddballs, respectively. Images subtended a visual 
angle of approximately 10° × 11.1° at a viewing distance of approximately 60 cm.

Design and procedure. After they sat in a chair in front of the computer monitor, the participants were 
instructed to fixate at the center of the computer screen. They completed 216 experimental trials, in which they 
observed 8 repeated presentations of a real-world scene image (i.e., a standard) and one more with a syntactic 
or semantic violation (i.e., an oddball) randomly presented between the  5th and the  8th  position32. Images were 
repeatedly presented at fixation for 500 ms, with ISIs of 300 ms, while the oddballs’ duration varied between 
300 and 700 ms, in steps of 50 ms (i.e., 9 different durations). After each trial, participants were asked to report 
whether the oddball’s duration was longer or shorter than the duration of the images preceding and succeeding 
it (i.e., standards) by pressing the “,” or the “.” keyboard key (using the same hand, the dominant one), respec-
tively. Both keyboard keys were labelled as “LONG” and “SHORT”, respectively. Before the main experiment, the 
participants completed 10 practice trials to familiarize themselves with the procedure. For the practice trials, the 
same three scenes as in the experimental task were used.

Figure 1.  Scenes with and without violations utilized in Experiment 1. The figure depicts the three scenes 
utilized in the no violation (i.e., standard), semantic violation (e.g., toilet paper in the washing machine), and 
syntactic violation (e.g., floating cup) condition. These images were adopted from the SCEGRAM database 
(Öhlschläger and  Vo36).
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Results and discussion
Four participants were removed from the analysis as they failed to follow or understand the given instructions 
(thus, ending up with a N = 25). For all the analyses, Bonferroni-corrected t-tests (where p < 0.05 prior to cor-
rection) were used for all post-hoc comparisons. When sphericity was violated, Greenhouse-Geisser correction 
was applied. The psychometric function for each participant was estimated (see Fig. 2), using the MATLAB 
R2013b software, based on the number of times they reported that the oddball was “longer” than the standard. 
A psychometric function was fitted to the relative frequencies of “longer” responses per oddball duration level. 
The cumulative density function (cdf) of a normal distribution was used as the mathematical model for the 
psychometric function, a modeling approach known as probit analysis  (see33). The psychometric function was 
used for estimating the point of subjective equality (PSE; see Fig. 3), which is defined as the oddball’s duration for 
which the probability of giving the answer “longer” was 50%. That is, an oddball with a longer duration estimate 
as compared to the standard is being underestimated, while an oddball with a shorter estimate than the standard’s 
is being overestimated. The PSEs of each participant were used for further statistical analyses.

A one-sample t-test was run to determine whether participants’ PSEs were different to the point of objective 
equality (POE), that is 500 ms. The analysis showed that PSEs for oddballs with syntactic violations were signifi-
cantly lower by a mean of 35.9 ms (95% CI [11.9–59.9]) than POE [t(24) = − 3.088, p = 0.005]. On the contrary, 
PSE for oddballs with semantic violations were significantly higher by a mean of 22.3 ms (95% CI [42–2.5]) than 
POE [t(24) = 2.329, p = 0.029]. There was no significant difference of the mean PSE for both oddball types from 
POE [t(24) = − 0.870, p = 0.393].

To further explore the above-mentioned results, data were analyzed using a repeated measures ANOVA 
between Violation Type (2 levels: syntactic, semantic) and Scene (3 levels: scene 1, scene 2, scene 3). The alpha 
level was set to 0.05 and the confidence interval to 95%. A significant main effect of Violation Type was obtained 
[F(1, 24) = 35.82, p < 0.001, ηp

2 = 0.60], with the oddballs containing semantic violation having a higher PSE 
(M = 524 ms) as compared to those with the syntactic ones (M = 465.6 ms). A main effect of Scene was also 
obtained [F(2, 48) = 7.13, p = 0.002, ηp

2 = 0.23], with scene 2 having higher PSE (M = 514.2 ms) than scene 1 
(M = 486.3 ms) and scene 3 (M = 483.8 ms; see Fig. 4). The analysis also revealed an interaction between Violation 
Type and Scene [F(2, 48) = 6.05, p = 0.005, ηp

2 = 0.20]. Post hoc analysis with a Bonferroni adjustment revealed 

Figure 2.  Representative psychometric functions for two participants for the semantic (a) and syntactic (b) 
violation conditions in Experiment 1.
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that scene 2 (M = 555.5, SD = 13.1) was underestimated at a larger degree as compared to scene 3 (M = 497.5, 
SD = 10.9; p = 0.001), but only in the case of semantic violations.

Overall, the results of Experiment 1 showed that time dilation, indeed, occurs in the presence of syntactic 
violations, yet, contrary to our predictions, the opposite is true for the semantic violations. This could indicate 
the existence of differential processing mechanisms for syntactic and semantic  violations2. Moreover, we observed 
that in the presence of semantic violations, one of the scenes (i.e., scene 2; see Fig. 1) utilized was significantly 
underestimated. That could possibly mean that apart from the semantic violation itself, additional scene prop-
erties (such as  brightness34;) might affect the scenes’ percept. In Experiment 2, we extended our research by 
questioning whether the timing modulations observed were influenced by attentional accounts (inspired  by14).

Experiment 2
Methods. Participants. G*Power29 was calculated to perform an a priori power analysis for a repeated 
measures analysis of variance comparing duration estimation for real-world scenes with semantic and syntactic 
violations with no contrast manipulations of the target objects with the same scenes but with increased contrast 
of the target objects. The effect size for this analysis was estimated based on Cohen’s30 guidelines. This indicated 
that the best estimate of the true population standardized mean difference was δ = 0.40, meaning that the dura-
tion estimations will be different among scenes with different violations and target objects’ contrast. This effect 
size estimate was entered into the power analysis with the following input parameters: a = 0.05, power = 0.95. The 
power analysis results suggested that a N = 15 was required in this study to detect a difference between the two 
conditions with 95% probability.

We recruited 19 participants, assuming that not all will follow the experimental instructions or complete 
the experiment. All participants were university students (10 females), aged between 21 and 44 years old (mean 
age = 26) with normal or corrected to normal vision.

Apparatus and stimuli. These are in line with Exp. 1, with only a few exceptions. Two scenes from the SCE-
GRAM database were utilized here as visual  stimulation26. These scenes were scene’s 1 and 2 from Exp. 1 (see 
Fig. 1) to keep the duration of the experiment short. To manipulate attention, the oddballs were modified by 
using Adobe Photoshop 2020  Software35. To draw the participant’s attention to the target object, the object’s con-

Figure 3.  Participants’ Point of Subjective Equality (PSE) of the oddball for the two violation types (i.e., 
syntactic, semantic) in Experiment 1.

Figure 4.  Mean Point of Subjective Equality (PSE) for each Scene per Violation Type (i.e., syntactic, semantic) 
in Experiment 1. The error bars represent the standard error of the mean. *p < .05.
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trast was increased by dragging the contrast slider to + 100 (cf.28,36). This manipulation led to an approximately 
20% difference in intensity (i.e., mean gray value) of the pixels in the region of interest (i.e., target objects) for 
the manipulated stimuli, as it was afterwards measured with ImageJ software. However, the above attentional 
manipulation should be verified in future research.

Design and procedure. These were also in line with Exp 1, with a few exceptions. The participants ran 288 
experimental trials, in which they observed 8 repeated presentations of the standard stimuli and one with an 
oddball, manipulated in terms of contrast to either draw more attention to the target object or not (i.e., contrast 
vs. no contrast manipulation of the target object, respectively).

Results and discussion
Three participants were removed from the analysis as they failed to follow directions or did not understand the 
given instructions (thus, ending up with a N = 16). A repeated measures ANOVA of Violation Type (2 levels: 
syntactic, semantic), Contrast (2 levels: contrast or no contrast manipulation), and Scene (2 levels: scene 1, scene 
2) was conducted. The alpha level was set to 0.05 and the confidence interval to 95%. A significant main effect 
of Violation Type was obtained [F(1, 15) = 18.24, p = 0.001, ηp

2 = 0.549], with the oddballs containing semantic 
violations having a higher PSE (M = 512.38 ms) as compared to those with syntactic ones (M = 486.2 ms). A 
main effect of Scene was also obtained [F (1, 15) = 18.89, p = 0.001, ηp

2 = 0.557], with scene 2 having a higher 
PSE (M = 517.1 ms) than scene 1 (M = 481.5 ms). Moreover, a significant main effect of Contrast was obtained 
[F (1, 15) = 13.65, p = 0.002, ηp

2 = 0.476], with scenes containing contrast manipulations having a lower PSE 
(M = 487.97 ms) as compared to those with no contrast manipulation (M = 510.6 ms; see Fig. 5). The interactions 
between Violation Type and Scene [F(1, 15) = 0.300, p = 0.592, ηp

2 = 0.02], Violation Type and Contrast [F(1, 
15) = 0.000, p = 0.996, ηp

2 = 0.00], Contrast and Scene [F(1, 15) = 1.163, p = 0.298, ηp
2 = 0.07], and Violation Type, 

Contrast, and Scene [F(1, 15) = 0.878, p = 0.363, ηp
2 = 0.055] did not reach significance. Overall, the results of 

Exp. 2 showed that by focusing the participants’ attention more to the violation lead to higher duration estimates. 
This was observed for all cases presented in the experiment, even for the highly underestimated semantically 
violated scenes (it must be noted, however, that no significant Violation Type by Contrast or triple interaction 
were obtained). Such findings indicate that this time dilation effect is probably driven by attentional accounts 
(e.g.,18–20).

General discussion. In the present study, we investigated the effect of semantic and syntactic violations 
on time perception, by utilizing the oddball paradigm along with naturalistic visual scenes (Experiment 1), 
as well as the role of attention on these estimates by manipulating target objects’ contrast (Experiment 2). We 
tested the hypothesis that both semantic and syntactic scene violations would lead to time dilation, which was 
expected to be more pronounced for the syntactic violation types. Moreover, we hypothesized that this effect 
would be stronger in the increased contrast conditions due to an increased gaze allocation to the target. Our 
results showed that time dilation, indeed, occurs in the presence of syntactic violations, yet, contrary to our pre-
dictions, the opposite applies for the semantic violations of a scene (Experiment 1). Furthermore, it appears that 
these time distortions are, indeed, affected by attentional allocation, as an increase in target objects’ contrast led 
to an increased duration percept for both semantic and syntactic scene violations (Experiment 2).

Previous studies employing the oddball paradigm have reported that the appearance of an unexpected 
 visual15,20,32,37–39 or auditory (cf.32,40,41) stimulus, in a stream of identical ones, can affect subjective duration 
judgments and lead to duration overestimations of the odd stimulation. Given that, to our knowledge, no stud-
ies on timing had tested whether more complex stimuli (i.e., natural scenes) could induce similar effects in an 
oddball setting (see  also42–44 for the use of more complex stimuli in variations of the oddball paradigm yet not in 
terms of time perception), we reasoned that our findings could further expand the literature around the oddball 
effect, as well as provide evidence on the role of attention on intervals’ duration estimates.

And indeed, our findings expanded current knowledge by showing that odds in complex scenes are not 
always overestimated. Instead, the timing of the odds varies as a function of the scene violation present (i.e., 

Figure 5.  Mean Point of Subjective Equality (PSE) for each Violation Type (i.e., syntactic, semantic) per 
Contrast (i.e., contrast, no contrast manipulation) condition in Experiment 2.
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syntactic vs. semantic). We argue that the time estimation difference we obtained between the two violation 
types in Experiment 1 (and replicated in Experiment 2) might indicate the presence of a differential processing 
mechanism for syntactic and semantic scene violations. A review of the existing literature of scene perception, 
indicates that there is an influence of scene context on object perception and vice versa (e.g.,45–47). For example, 
Davenport and  Potter45 studied the effects of scene consistency on perception in a series of experiments. They 
presented real-world photographs, including foreground objects semantically consistent or inconsistent with 
their background and asked their participants to identify these objects, their background or both, after seeing 
a photograph briefly followed by a mask. Their findings showed that when objects appeared in a semantically 
inconsistent background, they were identified less accurately than in a consistent one. The same applied for the 
background and both object-background identification. These results clearly demonstrate that in the presence 
of semantic violations, scene perception is impaired. Moreover, according to Joubert et al.’s 48 study, semantically 
incongruent objects in a scene not only affect perceptual accuracy but also reaction time. In a go/no go task, 
participants in Joubert et al.’s study were asked to categorize scenes shown briefly as either natural or man-made 
environments. Analyses of the data showed that it took participants significantly more time to categorize the 
scenes that included objects incongruent with the context (i.e., man-made objects on a natural background) as 
compared to the scenes with congruent objects. By combining functional imaging and behavioral data, Rémy 
et al.’s47 aimed not only to investigate participants’ performance in categorizing real-world scenes with semantic 
violations, but also to detect the neural corelates underlying this process. Their behavioral data analyses repli-
cated the impaired performance previously reported in the processing of scenes with semantic violations, and, 
moreover, the combined analyses with the fMRI findings revealed an increased activation in specific brain areas 
(i.e., right anterior PHC, right frontal cortex, posterior part of PHC) in response to semantic violations.

The above-mentioned findings support the idea that the detection of semantic violations as well as the process-
ing of scenes and objects with such violations appears to be a demanding task. This could provide an explanation 
for the results described in the present study. We support that the appearance of semantic violations in scenes 
distracted participants from the timing task -by allocating attention to the violation per se- and as a result led to 
significant underestimations of these intervals. This explanation is in line with the theory behind the interfer-
ence  effect49, a robust finding among the timing  literature49–52. According to this effect, when a temporal task 
co-occurs with a demanding non-temporal one, the latter acts as a distractor and disrupts the performance of the 
former one, by holding attention away from time. As a result, the duration estimates of the intervals presented 
appear to be shorter and possibly less accurate and more inconsistent (cf.53). The explanation of this effect is 
in line with the internal clock timing  models54–56 that suggest that time perception is manageable due to the 
existence of an internal clock-like mechanism. An internal clock is a (hypothetical) mechanism, containing a 
neural pacemaker that produces pulses. The exact number of pulses that are related to a physical time interval 
are recorded by another part of this clock, the counter, and then the results are stored in a so-called  store55. By 
distracting attention away from the timing task, less pulses are being counted and, thus, interval durations are 
perceived as  shorter57.

So far, it seems that the processing of scenes with semantic violations possibly leads to shorter duration esti-
mations due to their distractive effect on the timing task. However, according to the results of Experiment 1, this 
might not be the case for syntactic violations, where we observed significant duration overestimation of the scenes 
that included such violations. In their research, Gronau et al.’s46 also highlighted the difference between semantic 
and syntactic violations. They investigated the relation between semantic (i.e., information about the object’s 
identities that are most likely to appear within a specific visual setting) and spatial (i.e., information about the 
locations within a visual setting that is most likely for an object to appear) contextual knowledge in a behavioral 
and neural level. Participants performed a priming task, in which the prime stimulus was a real-world object 
appearing at the center of the screen and the target stimulus was either a semantically consistent or inconsistent 
one, appearing at an upper or lower location of the scene. The task was to answer whether the target object was 
semantically consistent (i.e., “real object”) or inconsistent (i.e., “nonsense object”) with the scene. The behavioral 
data analyses showed that responding for semantically inconsistent targets was significantly slower compared to 
semantically consistent ones. This was not the case for the spatially inconsistent targets. Although further investi-
gation is necessary, it appears that the processing of syntactic violations is, indeed, different from the processing 
of semantic violations, thus explaining the differences we observed in our experiments. We support the idea that 
while semantic violation processing and detection might have been capable of drawing attention away from the 
timing task (i.e., leading to duration underestimation), syntactic violations attracted observers’ attention and, 
thus, the replication of the temporal oddball effect as hypothesized. This idea is supported by Vo and Wolfe’s2 
neurological findings that indicate an increased post-identification processing of semantic violations, while no 
such findings were noted for extreme syntactic violations (i.e., hovering objects; cf.58,59). However, in contrast 
with our results, there are also evidence of time overestimation of semantically violated scenes  (see14). At this 
point it should be noted that in Clarke and Porubanova’s14 study, a different time estimation method was utilized 
(i.e., a reproduction task). It is a common finding that shorter time intervals are more likely to be overestimated 
as compared to longer  intervals60 and, on top of that, motor factors might also influence an intervals’ reproduc-
tion (e.g.,61,62). Nevertheless, further investigation of the differences among the two violation types is needed to 
clarify the mechanisms behind their processing and how that can influence time perception.

Another interesting finding of our study is the interaction observed in Experiment 1 between Violation Type 
and Scene. We found that the duration of scene 2 was significantly underestimated compared to scene 3 (see 
Fig. 1), in the presence of semantic violations only. This could indicate that additional to the violation itself, other 
properties of these scenes might influence their processing such as the color or the location of the target objects. 
More specifically, it has been found that the detection of a target might take longer when this has a similar color 
with the background that is presented  against63. Moreover, the possibility that the location of the objects in a 
scene might influence their perception was investigated by Spotorno and  Faure64. By using a change-detection 
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task, they briefly presented pairs of colored drawings, depicting real-world situations. Participants had to report 
whether each pair was identical or not. The changes included the addition of an object either to the left or to the 
right visual hemifield. The results showed that left visual hemifield has an advantage for detecting changes in 
scenes. There is also evidence in the visual search literature that targets appearing near fixation (i.e., the target 
object in scene 3 in our study) are detected more quickly compared to those in  periphery65,66. Considering these 
findings, it is important to further investigate the influence of the interaction between contextual and perceptual 
scene properties on time estimation.

Until now, it was unclear whether the time distortions we observed in Experiment 1 were driven by attention. 
Therefore, in Experiment 2, we used an increased target objects’ contrast to manipulate attentional allocation. 
The possibility that contrast can affect attentional allocation in natural scenes was investigated by ‘t Hart et al.’s27. 
In their study, they used natural scenes in which they modified luminance contrast of specific objects. In one of 
their experimental setups, they asked participants to freely view the briefly presented scenes, while they were 
recording their eye movements. In their second experimental setup, participants viewed a stream of scenes 
(including the above-mentioned manipulated ones) and reported whether they detected or not a target object. 
The results showed that by increasing objects’ contrast, relative to their background, both fixations to these 
objects and their detection increased (cf.67–71). In the timing literature, the increase of the subjective duration of 
an attended object is a quite robust effect and it has been tested with a variety of experimental paradigms  (see18, 
for a review). In the present study, by increasing target objects’ luminance contrast, we observed an increase in 
the oddballs’ duration estimates for both semantic and syntactic violations and, therefore, we support that these 
results stem from attentional factors (e.g.,18–20). Thus, our study adds on the literature supporting the prolonged 
attentional processing of scene  violations1,10–12.

However, it is remarkable that the effect of semantic violations on duration underestimation was maintained 
despite the increased contrast manipulation, thus indicating a high interference effect of the violation type on tim-
ing. The idea that there might be an interaction between the perceptual salience of objects (i.e., brightness, color, 
orientation; cf.72) and their semantic relevance during scene perception was investigated by Spotorno et al.’s34. 
They used a one-shot change detection task and colored drawings of daily-life events as stimuli and showed that 
semantically consistent objects, as well as objects with higher salience were faster and more accurately detected 
whether they were added to or deleted from a scene. They supported that visual attention is primarily guided 
from perceptual properties of objects and semantic properties have a supplementary effect (cf.64,69,73). Therefore, 
our results further support the high influence of semantic congruency on object detectability (i.e., easy of being 
detected).

In conclusion, by utilizing an oddball paradigm, we showed that both semantic and syntactic scene viola-
tions influence time perception, yet in a different way. For the syntactic violations, we observed perceptual 
effects similar to those observed in most of the temporal oddball effect literature, where perceived time expands 
in their presence. On the other hand, for the semantic violations, we obtained a reversed pattern on temporal 
oddballs with perceived time contracting. These findings indicate that by moving to more naturalistic contexts, 
timing and its interaction with attention -wherever this may be allocated to- might work differently and so do 
well-established and robust effects in basic literature. To our knowledge, our study is the first to obtain such 
findings, so further research on timing under naturalistic settings can further clarify this area. Moreover, our 
findings expand current knowledge on the perception of naturalistic scenes and how scene properties can affect 
this percept. Lastly, our work adds to the literature demonstrating that perceived duration can be influenced by 
attention, as noted here through the increased duration estimates when manipulating attention allocation via 
contrast changes.

Data availability
The data and materials for all experiments are available at https:// osf. io/ ub8wg/.
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