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A critical function of perception is the organization of temporally spaced input.  

This is accomplished through grouping, a process by which within-group elements are 

integrated with one another to form a cohesive unit.  Grouping also requires boundaries 

to set off within-group elements from unrelated stimuli.  In the temporal domain, 

grouping may be accomplished through use of an implicit working memory system that 

connects temporally spaced information.  Temporal group boundaries may be created by 

reductions in the default integrative processes of this memory system.  The present 

experiments probed integration strength by embedding priming tasks within temporal 

groups (i.e., events).  Because priming also draws upon implicit working memory, 

priming strength should reflect the strength of integration.  If modulation of temporal 

integration is responsible for grouping, this should be manifested as a reduction of 

priming across boundaries. 

 Irrelevant feature priming tasks were used to assess integration strength.   

Participants responded to one of two independently varying object features.  In this form 
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of priming, change consistency of relevant and irrelevant features produces faster 

reaction times, resulting in a crossed interaction.  This interaction served as a meter for 

the strength of temporal integration. 

 The experiments included a variety of temporal grouping manipulations.  

Experiments involving rhythmic groups, spatial shifts, rotations, pitch, and timbre, as 

well as higher-level conceptual shifts, demonstrated reduced priming in across-boundary 

conditions.  Both visual and auditory events were used, and experiments demonstrated 

that viewers’ interpretation of a scene contributed to the observed effects.  Temporal 

integration does appear to be reduced at certain event boundaries, suggesting that this 

may be the general manner in which temporal grouping is accomplished.  Motion change, 

a boundary from event segmentation research, did not reduce priming, indicating that the 

process presently under study differs from that studied using explicit segmentation 

procedures.  The reduction of integration may correspond to a subjective, amodal 

experience of separation.  The present technique may therefore offer an objective, 

implicit method to assess this sense of separation.  Using this method, it is possible to 

reliably determine when people are experiencing temporal group boundaries even when 

they are not deliberately attending to them. 
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Part 1. Understanding the Meter 

 
 One of the major problems faced in perception is the organization of large 

quantities of information.  Even in static visual scenes, people take advantage of 

numerous cues to determine what goes with what in order to create groups.  Gestalt 

psychologists have generated lists of principles that govern the grouping of visual 

objects, including proximity, color, good continuation, symmetry, and the like.  These 

principles are especially useful in a cluttered visual world where objects are scattered in a 

disordered fashion, and where some objects occlude others.  Because of visual grouping 

principles, a person seeing an occluded circle still views the two halves of the circle as 

belonging together, even if the connection between them is not visible.  Association 

through grouping permits people to treat an entire set of objects as belonging to a single 

unit.  Expecting similar behavior from objects with certain types of relationships often 

leads to more accurate predictions. 

Yet equally important to perceptual organization is the contrasting sense that 

items do not belong together.  A group without boundaries is indistinguishable from the 

totality.  In the same way, a perceptual system that consists entirely of association-

forming strategies, with no ability to dissociate items that do not belong, is useless to the 

perceiving animal.  In order to be helpful for organizing perceptual information, grouping 

must succeed both in effectively integrating items that belong to the group, as well as in 

creating a strong sense of demarcation between group members and non-members. 

 Grouping may also have a temporal component.  This is observed even in Gestalt 

principles for grouping visual objects.  Using the law of common fate, objects that move 
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together are seen as belonging together.  Without this sort of rule, an animal moving 

behind occluding fence posts might appear as multiple animals moving in the same 

direction at the same speed.  Temporal grouping principles are particularly necessary in 

the case of auditory perception, where stimuli are ephemeral and often quickly changing 

(see Bregman, 1990).   That people are able to perceive temporally spaced notes as 

components of an emergent melody, yet unrelated to a sentence uttered seconds later, 

illustrates the benefits of well-functioning grouping principles in the auditory domain.   

Yet despite the similar importance of both association and dissociation in 

temporal grouping, temporal grouping is distinct from visual grouping in its reliance 

upon the use of a memory system to create the sense of association between temporally 

spaced stimuli.  This is essential in the temporal domain where stimuli are transient and 

connections must be forged between the present and the past.  It is likely that the 

associative and dissociative processes necessary for grouping are carried out by a specific 

amodal memory system.  The present work examines the behavior of this memory system 

both within temporally connected groups as well as at group boundaries, where the sense 

of connection should be reduced. 

 

Implicit working memory 

 In its default state, perception is highly connective.  People perceive time not as 

instantaneous (as it is represented in physics) but as a window spanning a few seconds.  

In the process of perception, the instantaneous present is coupled with the seconds that 

precede it in a way that yields a smooth and continuous unfolding of time.  Music 
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perception is an excellent illustration of this phenomenon.  As people listen to a sequence 

of temporally spaced notes, the individual elements are joined in an ongoing process that 

produces not only a sense of connection between those elements, but also the emergent 

quality of melody. 

 Because it connects the present with past moments that are no longer being 

physically experienced, the integration of time must be accomplished using some form of 

memory.  This memory system appears to work on a brief timescale, with effects that last 

only a few seconds before decaying (Gilden & Marusich, 2009).  Furthermore, the 

process of integration appears to be automatic, occurring below the level of conscious 

awareness.  This short-term memory system may in this sense be regarded as a type of 

implicit working memory.  Implicit memory has received considerable attention in the 

form of priming, which is characterized as a nonconscious modification of people’s 

response to a stimulus based on a previously encountered stimulus.  In repetition priming, 

for instance, people show performance benefits when responding to identical stimuli 

(e.g., Wiggs & Martin, 1998).  However, stimuli need not be identical in order to change 

response.  For example, a word’s associate may be primed in cases of semantic priming 

(e.g., Meyer & Schvaneveldt, 1971).  Short-lived forms of priming represent an implicit, 

continuous relating of the past with the present, and are likely a consequence of the 

proposed connective memory system. 

 Although priming is typically regarded as a general, ongoing process of 

perception, there are in fact times when continuous connective processing of stimuli 

would appear to be maladaptive.  Much as relentlessly holding the sustain pedal on a 
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piano produces a muddy mess of notes, constant temporal integration of perceptual 

stimuli would result in a miasmic, undifferentiated stream of input.  As discussed 

previously, successful perceptual organization requires not only a sense of what belongs 

together, but also a sense of dissociation between unrelated groups--in other words, 

boundaries.  Boundaries in temporally spaced perception have been characterized as 

natural reset points where people reevaluate the current experience (Zacks, Speer, 

Swallow, Braver, & Reynolds, 2007).  In implicit working memory, boundaries between 

temporal groups would allow people to end one perceptual stream (such as a melody, a 

sentence, or a scene) and to freshly begin a new one.  Perceptual cues that lead to 

boundary formation within implicit working memory are likely multifarious; yet certainly 

large, distinct changes would appear to be prime candidates for this role.  Large, 

noticeable changes (for instance, a sudden overall darkening of the visual scene) often 

indicate a change in circumstances, at which point the perceiving animal is best served by 

abandoning previous assumptions and reevaluating the environmental setting. 

This abandonment of past information might be manifested as a disruption of the 

default connective flow of memory across such changes--that is, as an “edge” between 

connected temporal groups.  It is likely that the memory system itself functions to 

achieve grouping by this method, whereby certain environmental cues may trigger a 

release of the default integrative state of memory.  With this reduction of integration 

across temporally spaced stimuli, a distinct boundary between temporal groups would 

naturally emerge as the point of disconnection between connected stimuli. 
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The present work examines whether it is possible to modulate the strength of 

temporal integration using occurrences that appear to act as strong boundaries between 

temporal groups.  This modulation may be assessed using the same priming tasks that 

normally indicate the connective strength of implicit working memory.  The present work 

postulates that both priming and the sense of continuity within temporal groups draw 

upon the common resource of implicit working memory’s ability to integrate temporally 

spaced information. In a typical experimental setting, prime and probe appear within the 

same temporal group.  With no indication that any sort of boundary has taken place, 

memory functions in its default connective manner and priming appears at full strength.  

Yet if boundaries between temporal groups are in fact associated with reductions in the 

strength of temporal integration, then priming should also be affected at these points.  In 

this case, disrupting a temporal group between prime and probe should also disrupt 

priming. 

In the following experiments, priming stimuli were embedded within various 

temporal groups that appeared to produce strong segmentation.  Priming strength was 

observed both within groups and across group boundaries.  If temporal integration 

strength is involved in temporal grouping, priming should appear strong within groups 

but weak across boundaries. 

 

Event segmentation 

Although the methods used in the present work are largely novel, research on 

boundaries in temporal perception dates back many years.  Previous research has largely 
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focused on explicit awareness of boundaries between temporal units, or events.  Perhaps 

because the idea of events is so abstract (a “unit of time” is more easily conceptualized 

than defined), one of the most frequently employed tasks in event segmentation research 

is a straightforward explicit labeling procedure (Newtson, 1973).  In this procedure 

people view movies and press a button whenever they perceive a boundary between 

events.  Reported boundaries can then be analyzed according to what was being viewed 

at the moment when the button was pressed.  In the original Newtson task, people 

segmented a five-minute movie depicting everyday human activities (such as making a 

campfire) as finely or coarsely as desired.  Newtson found that boundary placement 

appeared to be influenced by aspects of the experience (such as violations of 

expectation), rather than by external factors such as a pre-allotted temporal window.  

Although simple, this procedure has shown considerable consistency even when tested 

more than a year later (Speer, Swallow, & Zacks, 2003), and people seem to show a 

reasonable level of agreement in detecting boundaries (Newtson & Engquist, 1976). 

A number of studies have continued in the Newtsonian tradition by concentrating 

on the segmentation of naturalistic human motion, particularly procedural tasks (e.g., 

Speer et al., 2003).  One focus of this type of study has been the hierarchical nature of 

events.  Smaller, fine-grained events are perceived as subunits of larger, coarse-grained 

events (Zacks, Tversky, & Iyer, 2001).  It appears that events, like objects, are perceived 

as having parts.  In addition to visual events, events may also occur in other modalities 

and even cross-modally (e.g., Sekular, Sekular, & Lau, 1997).  Event segmentation has 

also been observed to occur on a range of timescales and appears to be an automatic 
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process by which people organize temporal flow (Zacks, Braver, et al., 2001; Zacks & 

Tversky, 2001). 

Few theories of event segmentation exist, but Zacks, Speer, Swallow, et al. (2007) 

have suggested that event segmentation may be driven by prediction error.  According to 

event segmentation theory (EST), people engage in an ongoing process of predicting 

future occurrences based on perceived sequential structure.  As people experience 

temporally spaced stimuli, their predictions are guided by representations of the present 

state of sensory input, or event models.  These models produce reasonably accurate 

predictions within events; yet when predictions based on a current model begin to fall off 

in accuracy, processing must be reset to allow for a new model.  This resetting of 

processing produces an event boundary.  Consistent with this theory, higher prediction 

error has been shown to occur during event boundaries (Reynolds, Zacks, & Braver, 

2007).  Zacks, Speer, Swallow, et al. argue that the instability of models at event 

boundaries leads to greater cognitive processing and attention at these points (see also 

Swallow & Jiang, 2010). 

Event researchers have paid close attention to which aspects of a scene drive 

boundary placement.  Spatial and temporal shifts are a common type of boundary, 

particularly when shifts are pronounced (see Kurby & Zacks, 2008).  Another frequently 

studied boundary type, goal-based segmentation, is often investigated using the type of 

naturalistic motion employed by Newtson.  This body of work emphasizes the 

importance of a viewer’s knowledge of actors’ intentions, with boundaries occurring 

when goals change.  Knowledge of intentionality has been shown to change the way 
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people segment movies (Zacks, 2004), and another study found that goals and 

intentionality were related to people’s probability of segmentation at various points even 

in animations of simple objects (Thibadeau, 1986).  In yet another study, tone locations 

were remembered better when they coincided with moments of task completion (Baird, 

Baldwin, and Malle, 2000, as cited in Baird & Baldwin, 2001).  In addition to spatial and 

temporal shifts and goal-based segmentation, there is also evidence that people segment 

sequences when they witness changes in actors, objects, and causality (e.g., Kurby & 

Zacks, 2009; Zacks, Speer, & Reynolds, 2009). 

 The Newtson boundary-labeling task and related behavioral techniques are 

effective methods for examining people’s explicit awareness of segmentation.  This is 

valuable in discovering the perceptual factors that contribute to such awareness, as well 

as in establishing “average” segmentation performance on a task that possesses a degree 

of subjectivity.  Explicit event segmentation performance also predicts certain behavioral 

outcomes, so this ability appears to have meaningful functional implications as well.  

People’s segmentation performance has been linked with the ways in which they describe 

segmented sequences (Kurby & Zacks, 2009; Zacks, Tversky, & Iyer, 2001).  There is 

also evidence connecting normal performance on segmentation tasks with improved 

memory in older adults (Zacks, Speer, et al., 2006). 

 Nevertheless, this task alone can reveal relatively little about the mechanism by 

which event segmentation occurs.  It must also be noted that this task is not objective and 

may be influenced by people’s interpretations.  Although there is a considerable degree of 

across-subject agreement, individuals do show consistent differences (Speer et al., 2003).  
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As discussed previously, people may also parse temporal streams with different grains of 

fineness depending upon the instructions they receive (Zacks, Tversky, & Iyer).  

Performance also changes with familiarity and predictability, with knowledgeable 

individuals labeling boundaries more coarsely (Newtson, 1973; Wilder, 1978; Zacks, 

Tversky, & Iyer).  Segmentation may also change as a person’s interpretation of an 

otherwise identical scene is manipulated (Zacks, 2004), or when a viewer is focusing on 

different aspects of the scene (Cohen & Ebbesen, 1979). 

 Efforts have been made to develop more implicit measures of event segmentation.  

Explicitly labeled boundaries have received validation from neuroimaging and 

physiological studies.  Multiple studies have found evidence of hemodynamic responses 

at event boundaries, the magnitude of which appears to be related to segmentation grain 

size (Speer et al., 2003; Zacks, Braver, et al., 2001).  Such activity has also been observed 

using simple physical events (Zacks, Swallow, Vettel, & McAvoy, 2006).  Much of this 

work has observed changes in regions related to motion perception; however, a recent 

study has also found associations between event-related prediction error and the midbrain 

dopaminergic system (Kurby, Zacks, Haroutunian, & Eisenberg, 2009).  Moving beyond 

imaging, eye movements and pupil area have also been linked with explicit event 

segmentation task performance (Smith, Whitwell, & Lee, 2006). 

 Collectively, imaging and physiological data suggest that event boundaries do 

have valid neural correlates, although hemodynamic responses tend to be weaker when 

participants view movies passively (Speer et al., 2003; Zacks, Braver, et al., 2001).  Also, 

differences in responses at certain types of boundaries (e.g., fine- vs. coarse-grained) 
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suggest that event boundaries may emerge from variable processes.  Imaging studies also 

reveal relatively little about the behavioral consequences of event boundaries.  Despite 

advances due to imaging, event segmentation research could still benefit from the 

development of objective, implicit behavioral methods. 

 

Previous work 

The current work is not the first to examine the effects of event boundaries on 

memory.  In one study, people viewed series of illustrations depicting simple stories 

(Gernsbacher, 1985).  After participants viewed a sequence, memory for image 

orientation was probed by presenting a single illustration and asking whether it was 

flipped or not.  The author found that people’s recall for image orientation was poorer 

when illustrations from a new sequence were viewed prior to the presentation of the 

flipped or unflipped image.  This may be because the onset of a new sequence initiated a 

new event.  If memory were reset at this point, it would be more difficult for participants 

to recall an image from a previous event. 

In another study, people viewed movies that contained either a cinematic cut or a 

change in action (Carroll & Bever, 1976).  After viewing the full-length movie they were 

shown an additional brief movie clip and asked whether the clip came from the movie 

they had just seen.  The authors found that people were slower to recognize clips that 

came from the first segment of a movie (prior to a cut or a break in action).  Zacks and 

Magliano (in press) suggest that this may be because the segments in the movie were 

perceived as separate events. 
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Radvansky and Copeland (2006) attempted to evoke a sense of spatial shift using 

immersive, three-dimensional renderings of “rooms.”  Participants viewed simple 

geometric objects from a first-person perspective in video-game-like environments 

(generated using the Valve Hammer Editor developed for the popular game Half-Life).  

Participants were instructed to “pick up” an object in one room and deposit it in the next, 

where another object was waiting (it should be noted that “picking up” in this experiment 

simply meant adding the item to an unseen inventory).  Occasionally, participants would 

be prompted with the image of a particular object and asked to respond “Yes” if it was 

either the object currently being carried or that had just been set down, and “No” if it was 

neither of these.  People showed greater speed and accuracy when responding to objects 

that were perceived as being in the same room than objects in the previous room, even 

when the distance traveled was identical.  It has been suggested that passing through a 

doorway acted as an event boundary (Kurby & Zacks, 2008). 

Radvansky and Copeland’s (2006) study was a virtual extension of work on 

spatial shifts in narratives, which have also showed shift-related memory effects.  Speer 

and Zacks (2005), for instance, observed increased reading time for anaphoric sentences 

(sentences that refer to words discussed previously) when the anaphoric referent occurred 

prior to a temporal shift in the narrative.  They also observed reduced recognition for 

objects mentioned before a shift.  This has been interpreted as evidence of a boundary-

related failure in working memory retrieval (Speer & Zacks).  Other studies have shown 

similar apparent memory reduction for objects after the occurrence of spatial and 

temporal shifts in narratives (see Kurby & Zacks, 2008, for a review). 
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Despite some success disrupting memory using event boundaries, research in this 

area remains somewhat sparse and disjointed.  In addition, this work has rarely involved 

priming or any clear form of implicit working memory.  While it is possible that event 

boundaries may also affect other types of memory, this falls outside the predictions of the 

present theoretical framework.  Furthermore, as with much event perception research, 

previous research on event-related memory focuses primarily on relatively complex 

events depicting human activities, or on narratives.  While it is worthwhile to examine the 

perceptual consequences of complex events, research using simpler events would permit 

the experimental control needed to more precisely establish the effects of event 

boundaries on implicit working memory.  In the present work, the strength of temporal 

integration is directly probed using priming tasks embedded within simple events that 

permit rigorous experimental control. 

 

Irrelevant feature priming 

 The form of priming used in the temporal grouping task has substantial 

implications for the success of the experiment.  The ideal type of priming for use in 

experiments examining temporal grouping must meet certain criteria.  It must be robust 

enough to appear reliably in grouped contexts, yet sensitive enough to clearly reveal any 

perturbations in temporal integration.  Simple perceptual repetition priming is highly 

robust, but perhaps too much so.  With effects lasting on the order of weeks (see Wiggs 

& Martin, 1998, for a review), it is unlikely that this system reflects the same sort of 

ongoing temporal integration of moment-to-moment stimuli hypothesized to be affected 
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by temporal grouping.  Irrelevant feature priming, a type of priming that rewards change 

consistency across multiple features, is a more promising candidate. 

In simple repetition priming, stimuli vary on a single dimension, such as color or 

shape.  When this feature is repeated, people seem to process the stimulus more quickly 

and respond faster than when the feature alternates (e.g., Hyman, 1953).  Thus, the 

pattern of reaction times produced by simple repetition priming is a straightforward 

faster-slower relationship between two points: that where the feature repeats, and that 

where the feature alternates. 

 Irrelevant feature priming builds upon the simple repetition priming relationship 

but adds two additional points.  Rather than using a single feature, irrelevant feature 

priming involves stimuli with two (usually binary) features.  In a typical irrelevant feature 

priming task, participants are instructed to respond to only one of the two features by 

button press, identifying the object as possessing one of two levels of that feature (for 

instance, red or blue).  The irrelevant feature (for instance, position) varies independently 

and is noninformative.  This results in four possible repetition/alternation combinations: 

either both features repeat, both features alternate, or there is a situation in which one 

feature (relevant or irrelevant) alternates while the other repeats (see Figure 1). 

 Despite the fact that the irrelevant feature provides no information about the task, 

people find it impossible to ignore (provided that a feature hierarchy is respected; see 

Feinstein, 2006).  The consistency or inconsistency of relevant feature change with that 

of the irrelevant feature is seen to speed or slow responses (Figure 1).  When both the 

relevant feature and the irrelevant feature remain unchanged, people respond quickly  
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Figure 1. Illustration of an irrelevant feature priming interaction.  The relevant feature 
appears on the x-axis, and the irrelevant feature is coded by color. 

 

(Figure 1, top, point 1).  When a single feature changes, people respond slowly (points 2 

and 3).  Yet when both features change, people again respond quickly (point 4).  This 

pattern of two faster and two slower reaction times creates a crossed interaction when 

plotted. 

 

Generality of irrelevant feature priming 

Evidence of irrelevant feature priming has been obtained in a variety of 

experiments involving multiple features and modalities.  Features in this area of research 

are predominantly visual, as in a series of cueing tasks by Hommel (1998).  Sequential 

effects require a prime, which was supplied overtly in this case by presenting the prime 

500 ms before the probe on each trial.  In this task, shape, color, and location were 
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variable stimulus features.  Hommel was primarily concerned with the interaction of 

feature repetition and response repetition, but he also observed consistent interactions 

between position repetition (as an irrelevant feature) and either shape or color repetition 

(as relevant features), as well as between shape repetition and color repetition. 

Priming does not require an explicit cueing task, however, as a preceding trial 

may serve as the prime for the trial that follows.  This was demonstrated in a visual 

search task that used line segments as stimuli (Huang, Holcombe, and Pashler; 2004).  In 

this study participants searched for the odd-sized item in a display, then responded to its 

orientation.  The colors of stimuli also varied, but color was irrelevant.  The authors 

observed that feature repetition across trials influenced how quickly people responded.  

Interactions were observed between orientation repetition (relevant) and color repetition 

(irrelevant). 

Notebaert and Soetens (2003) demonstrated a similar pattern of results using a 

stimulus categorization task.  In their study, participants categorized stimuli into one of 

two categories based on their color.  Position or shape of stimuli also varied, but this was 

irrelevant to the task.  The authors found an interaction between category repetition and 

position repetition in participants’ reaction times and error rates.  A similar trend emerged 

when shape was the irrelevant feature, although it was only significant in error rate data.  

Interestingly, the results suggested that response repetition was more important than 

repetition of the relevant feature (in this case, color); however, it is possible that the 

inclusion of four possible colors (rather than the typical two) may have altered the 
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stimulus space and destroyed the alignability of relevant with irrelevant features in this 

study. 

In many studies on irrelevant feature priming, there has been little systematicity in 

examining the interactions between various features, and often response repetition effects 

overshadow those of feature repetition (e.g., Hommel, 1998; Notebaert & Soetens, 2003).  

However, Feinstein (2006) focused exclusively upon the interactions generated by a 

variety of visual features including position, letter shape, color, and geometric shape.  By 

varying which feature served as the relevant feature and which served as the irrelevant 

feature, she was able to demonstrate asymmetries in the shapes of interactions obtained in 

experiments with the same features in reversed roles.  Color and position interacted 

strongly when position was irrelevant, but not when color was irrelevant.  The same was 

true of shape and position (strong when position was irrelevant), geometric shape and 

color (strong when color was irrelevant), and color and letter shape (strong when letter 

shape was irrelevant).  Feinstein suggested that this asymmetry may result from 

differences in processing speeds for various features, with faster-processed irrelevant 

features interfering best with slower-processed relevant features.  Feinstein’s work also 

provides an opportunity to examine the relative strengths of various types of irrelevant 

feature priming across various feature combinations.  It may be noted, for instance, that 

although both show irrelevant feature priming, color and position produce a stronger, 

more symmetrical crossed interaction than color and letter shape.  Nevertheless, both are 

still considered instances of irrelevant feature priming. 
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Research on irrelevant feature priming has focused almost exclusively on the 

visual modality.  However, also of note is work that demonstrates the existence of 

irrelevant feature priming in the auditory modality.  In one such study, people classified 

tones according to either pitch or loudness, while the other feature was irrelevant (Huettel 

& Lockhead, 1999).  Participants would hear only two possible levels of each feature in a 

single experiment; however, small, medium, and large ranges of values were tested in 

different versions.  Interactions between the relevant and irrelevant feature were obtained 

across ranges regardless of which feature acted as the relevant feature.  The existence of 

irrelevant feature priming even in the auditory modality shows it to be a general property 

of perception that spans multiple domains.  Nevertheless, some differences may be noted, 

such as the fact that auditory features do not appear to show same interaction asymmetry 

as visual features, which may be linked to the relative processing speeds of the features in 

question (Feinstein, 2006) 

The complete crossed interaction that is the trademark of irrelevant feature 

priming is most frequently observed in continuous-responding visual tasks involving 

color and position; nevertheless, it has been noted in a wide variety of experimental 

contexts.  A number of additional studies have examined what appears to be the same 

effect in incomplete forms (for instance, observing response facilitation when both 

relevant and irrelevant features repeat; Danziger & Robertson, 1994, as cited in Stoet & 

Hommel, 1999).  Some researchers have also suggested that irrelevant feature priming 

may be the cause of other well-studied phenomena such as inhibition of return (Feinstein, 

2006) and possibly object-specific preview benefits (Hommel, 1998).  The existence of 
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irrelevant feature priming across such a variety of conditions argues for the robust, 

generic nature of this type of priming. 

 

Causes of irrelevant feature priming 

Perhaps because of the wide variety of conditions under which irrelevant feature 

priming emerges, there is as of yet no one accepted explanation for this phenomenon.  

While multiple suggestions have been advanced, these often share some means of 

binding an initial set of features with the original response or category and preparing an 

alternate response when significant change is registered.  Some researchers have 

suggested that this may involve the use of object files (Hommel, 1998; for feature 

integration theory, see Treisman & Gelade, 1980).  However, Hommel observed 

interactions between nonspatial object features, a finding that is inconsistent with a 

location-based object file explanation (see Kahneman, Treisman, & Gibbs, 1992).  Others 

have suggested that a change in the stimulus results in a motor bias toward a changed 

response, and that modulation of that bias accounts for differences in reaction times 

(Kleinsorge, 1999; see also Huettel & Lockhead, 1999 and Notebaert & Soetens, 2003).  

Huang et al. (2004) suggested that stimulus similarity may play a more extensive role.  If 

people are sensitive to the number of features repeating or alternating on a given trial, 

they may use this information to generate initial stay-or-switch response biases based 

upon the preponderance of the evidence.  In conditions where all features match a 

previous episode, or where none do, it is a relatively straightforward task to determine the 
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appropriate response.  This becomes more difficult when only a fraction of the features 

repeat, as this introduces conflicting evidence. 

A similar but more elegant approach explains multiple-feature priming as a 

synthesis of two distinct types of recency effects.  In response priming research, it has 

been noted that people display a tendency to repeat whatever response was previously 

selected (Bertelson, 1965; Hyman, 1953; Jarvik, 1951).  However, researchers have also 

observed that this effect may be modulated by stimulus similarity (Bertelson, 1965).  In 

perceptual recency research, the similarity or contrast of a stimulus with that which 

preceded it may alter the perception of that stimulus.  When people judge the loudness of 

tones, for instance, extreme differences between tones may lead to judgments of the 

second tone being more extreme than it would have been after a more similar tone 

(Jesteadt, Luce, & Green, 1977).  Stewart, Brown, and Chater (2002) suggested that 

people in tasks involving both stimulus similarity and sequential responding may be 

affected by both perceptual recency and decisional (i.e., response) recency effects.  They 

proposed that people may use a memory and contrast (MAC) strategy, in which the 

similarity of a current, unknown-category trial to a previous, known-category trial is used 

to judge whether the participant should stay or switch categories. 

Similar to the MAC strategy of Stewart et al. (2002), Jones and Sieck (2003) 

argued for a “stay-or-switch” strategy based on perceptual similarity to the preceding 

trial.  However, rather than focusing on a perceptual contrast effect due to very large 

changes versus relatively minor changes, they emphasized generalization gradients.  

According to their theory, people’s tendency to “stay” on a particular trial falls off 
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gradually as perceptual distance between the current and preceding stimulus increases.  

Jones, Love, and Maddox (2006) showed that likelihood of category repetition closely 

followed stimulus generalization gradients, suggesting that generalization does indeed 

modulate decisional recency effects.  This study also produced evidence that negative 

generalization occurs at large stimulus distances, resulting in an increased tendency to 

select the alternate response.  However, it appeared to be important that participants were 

aware of the overall stimulus space, as this permitted them to make better judgments 

regarding what constituted an extreme stimulus.  Although this appears to be compelling 

evidence of a generalization process that modulates the strength of sequential responding 

biases, it should be noted that the process may not be strictly similarity-based, depending 

somewhat upon the task (Jones, Maddox, & Love, 2005) and upon the structure of 

categories (Jones, Maddox, & Love, 2006).   

 Applied to an irrelevant feature priming task, however, the generalization account 

of recency effects predicts a pattern of reaction times much like that actually observed.  

In this type of task, participants’ response to the relevant feature (e.g., red versus blue) 

may be considered a form of categorization.  However, both the relevant feature and the 

irrelevant feature determine stimulus similarity, and change in any feature reduces this 

similarity.  As features change, therefore, participants’ rates of responding should become 

slower.  However, participants are also aware of the stimulus space.  Because there are 

only two possible levels of each feature, any switch represents an extreme change to the 

other end of the continuum for that feature.  Thus, when both relevant and irrelevant 

features alternate, the perceptual contrast is so great that participants may show a strong 
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tendency to respond with the opposite category (negative generalization).  This negative 

generalization effect would be manifested as a fast response on pure-alternation trials.  

This tendency to respond with the alternate category would be reduced, however, if 

stimuli continued to share a single feature. 

Generalization-based accounts of recency effects yield predictions that are 

consistent with the reaction time patterns observed in irrelevant feature priming.  

Regardless of the neural mechanism involved, it appears possible that some form of 

generalization and negative generalization may play a role in people’s assumptions about 

the objects they expect to see.  It may be simplest, however, to think of irrelevant feature 

priming as type of alignment effect.  As people gather information about an object, 

particularly in environments where objects only have binary features, they expect some 

level of consistency.  They appear to associate a particular set of features with a particular 

type of object, while simultaneously forming expectations about a contrasting type that 

exhibits the alternative features.  This may even spring from fundamental conceptual 

categories of “same” and “different.”  Fast reaction times may be observed when either 

member of the dichotomy is encountered because this simple distinction is expected; 

however, when this alignment principle is violated, the relationship becomes more 

complex and people’s performance declines. 

It is difficult at this point to definitively determine which, if any, of the preceding 

accounts is the true explanation of irrelevant feature priming.  For the purposes of the 

present research, it may be more fruitful to focus on what they have in common. While 

the mechanism is uncertain, theorists agree that there is a process by which a past 
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stimulus is compared with one that is being presently experienced.  This is accomplished 

in a manner that modifies the way people respond based upon that comparison.  

Furthermore, disparate features of encountered objects are integrated in a way that 

contributes meaningfully to the end behavior.  This description bears great similarity to 

the connective processes proposed to be active in temporal grouping.  It is likely that 

irrelevant feature priming and temporal grouping draw upon the same integrative implicit 

working memory resource.  Monitoring changes in irrelevant feature priming may offer a 

way to monitor corresponding changes in the state of the implicit working memory 

system itself.   

 

The interaction as a meter 

 The present work used the magnitude of irrelevant feature priming as a meter 

indicating the strength of moment-to-moment temporal integration.  A strong irrelevant 

feature priming interaction indicates an implicit memory system functioning in its default 

connective state.  A weakening of temporal integration would be manifested as a 

weakening of the interaction.  This makes it a potent tool in understanding the dynamic 

behavior of implicit working memory in the course of temporal sequences. 

 However, because there are four data points generated in the interaction that 

characterizes irrelevant feature priming (all of which may potentially vary more or less 

independently), it is important to reiterate that it is the interaction itself that indicates the 

presence of irrelevant feature priming.  Although the initial example (Figure 1) showed a 

crossed interaction that was a near-perfect symmetrical “X,” the shape of the interaction 
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does depend upon the features used (see Feinstein, 2006).  Some combinations of features 

produce weaker crosses (e.g., Figure 2).  Yet any interaction demonstrates that the 

irrelevant feature is interfering with the manner in which people respond to the relevant 

feature.  The interaction itself, and not main effects, indicates that some amount of 

irrelevant feature priming has taken place. 

 

Figure 2. Representative interaction between color repetition and letter repetition. 
   

In the following experiments, the presence of irrelevant feature priming acted as 

the indicator of temporal integration strength.  The present work is primarily concerned 

with the destruction or preservation of the relevant-irrelevant feature interaction at event 

boundaries.  It is likely that stronger forms of priming, such as simple repetition priming, 

are too robust to be disrupted by the methods used in these experiments.  Thus 

experiments need not demonstrate a complete flattening of the cross, but simply a 
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significant reduction of irrelevant feature priming strength in order to be considered 

successful.  Such a finding would indicate that the temporal integration processes carried 

out by implicit working memory in its default state have been effectively disrupted. 

If fluctuations in temporal integration strength are found to correspond with 

people’s perception of temporal boundaries, then one significant additional benefit of 

using irrelevant feature priming as a meter for temporal grouping is that it does not 

require explicit segmentation on the part of the participant.  Because the task simply 

involves responding to a stimulus feature for ten to fifteen minutes, participants usually 

will not realize they are in an experiment studying temporal grouping at all.  This allows 

better observation of the true implicit behavior of people’s memory systems, and not 

whatever preconceptions they may have formed about temporal grouping. 

The experiments in Part 1 analyzed whether it is possible to disrupt temporal 

integration using the strong temporal grouping cue of rhythm.  The decision to use 

rhythmic separation as the initial boundary for testing will be discussed in the description 

of Experiment 1.  Experiments 2-4 further probed the effects observed in Experiment 1 in 

order to gain a greater understanding of both the behavior of the meter, as well as the 

grouping properties of the rhythm with which it is linked.  

 

EXPERIMENTS: Rhythm 
 

General method 

 The following outlines the general method used for Experiments 1-4. 
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Participants 

The majority of participants were recruited from the PSY 301 pool at The 

University of Texas.  Fewer than ten participants were recruited from The University of 

Texas campus using flyers.  Participant ages ranged from 18 to 25, and they received 

either class credit or $10 for their participation.  All participants reported having normal 

vision and/or hearing (as applicable). 

Materials 

All experiments were created using Matlab and Psychtoolbox.  Visual stimuli 

were created using the Adobe Photoshop graphics editing program.  Experiments were 

presented on a Macintosh computer, and participants sat a comfortable distance from the 

monitor, responding on a standard Macintosh keyboard number pad. 

Design 

All experiments were continuous-responding two-alternative-forced-choice 

reaction time tasks.  Stimuli varied on two binary features.  Participants responded to a 

single relevant feature by key press.  The other feature was irrelevant.  There was no 

overt priming; rather, each stimulus served as both prime (for the following stimulus) and 

probe.  Irrelevant feature priming stimuli were selected for presentation at random; 

however, the total number of trials for each relevant-irrelevant combination was held 

constant to ensure equal representation.  Embedding of the priming task within various 

types of events depended upon the particular event used and will be described for each 

experiment. 
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Procedure 

Testing took place in a darkened room.  Participants responded to the identity of a 

particular relevant feature by key press (1 or 2 on a standard keyboard number pad with 

the first and second fingers of the right hand).  Participants were instructed to respond as 

quickly as possible while maintaining a reasonable level of accuracy (in the 85%-95% 

range).  In all experiments participants demonstrated an ability to achieve the desired 

accuracy level in one to two practice blocks before completing test blocks.  Participants 

who were not able to respond with a reasonable level of accuracy were allowed to 

complete the test block, but their data were not included in analyses. 

 

General analysis 

Individual participant data was inspected, and outliers and nonsequential main 

effects (e.g., color preferences) were removed.  For each participant, the mean reaction 

time z-score was obtained for each combination of conditions.  In the simplest 

experiments, therefore, there were four irrelevant feature priming transition types (see 

Figure 1) for each of two grouping conditions (across-boundary or within-event) for a 

total of eight cells.  Z-scores were used because participants displayed differences in 

average reaction time and overall variability, but analyses using reaction time data 

showed similar results to those reported here.  Participants’ cell means were compiled 

and tested for main effects and interactions using repeated measures ANOVAs. 
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Experiment 1: Rhythmic pairs proof of concept 

Prior to this series of experiments, the idea that event boundaries may alter 

temporal integration was novel and largely untested.  This necessitated an initial study 

that was simple, yet powerful enough to determine whether further investigation was 

warranted.  In addition to selecting an appropriate form of priming (as discussed 

previously), it was necessary that the priming task be embedded into a strongly 

segmenting event in a manner that caused it to be perceived as belonging to the event.  

Because there is evidence that separate events may be tracked separately (S. Lu, personal 

communication, 2009; Lu, Harter, & Graesser, 2009), an improperly embedded task 

might show no disruption of temporal integration at an event boundary simply because it 

is perceived as belonging to a simultaneous but separate non-segmented event. 

For the proof-of-concept experiment, it was desirable to employ a type of 

grouping that produced a strong sense of distinct temporal units.  Perhaps the most salient 

type of temporal grouping regularly experienced is rhythmic grouping.  A natural sense 

of temporal grouping emerges in the perception of rhythm.  Rests between notes create a 

strong sense of separation, while notes between rests seem to be connected.  The sense of 

grouping created by rhythmic separation is also relevant in speech, where phrases may be 

set apart by longer pauses.  Rhythmic grouping also has the significant advantage of 

being a fairly straightforward experimental manipulation.  It is easy to imbue reaction 

time tasks with a sense of rhythm by systematically altering ITIs, even in the visual 

modality (where the strongest irrelevant feature priming crosses occur).  A rhythmic task 
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thus seemed an ideal test bed to assess the feasibility of using event structure to modulate 

temporal integration strength. 

 The priming task was a continuous-responding two-alternative forced choice task.  

Participants viewed circles that varied on two features: color (red or blue) and position 

(high or low).  They responded to color, and position was irrelevant.  Temporal grouping 

was achieved by presenting stimuli with varying ITIs (see Figure 3).  Trials were 

presented as pairs, the simplest conceivable rhythm.  The timing of the task gave it a 

pulsed rhythmic feel ("trial-trial-rest-..."), with trials separated by a short ITI belonging to 

a single pulse event.  Long ITIs felt like musical rests that separated each pair of trials 

from the next.  Thus, trials separated by short ITIs were expected to represent within-

event conditions, and those separated by long ITIs were expected to represent across-

boundary conditions.  Strong irrelevant feature priming was expected in within-event 

trials, with reduced priming occurring in across-boundary trials. 

Method 

Participants 

Seven participants completed this experiment. 

Stimuli 

Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Colors were red and blue.  Positions were high and low.  Intervening 

stimuli included small black dots and the word “rest.” 
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Design 

This experiment had a 2 × 2 × 2 design.  Relevant feature, irrelevant feature, and 

event grouping status (across or within) were all binary.  The relevant feature was color.  

The irrelevant feature was position. 

ITIs were manipulated to imbue the experiment with a sense of rhythm.  This 

experiment used short and long ITIs of 250 ms and 1500 ms, respectively.  The 

experiment was structured so that short and long ITIs alternated every trial.  This resulted 

in a pulse-like rhythm where two-trial pairs with short ITIs were separated from the next 

pair by a rest-like long ITI.  This sequence is illustrated in Figure 3.  Both short and long 

ITIs were brief enough to result in a crossed interaction pattern of priming in a standard 

constant-ITI irrelevant feature priming experiment. 

 

Figure 3. Trial sequence for rhythmic pairs experiment. 
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In order to draw attention to the timing of the experiment, fixation dots and "rest" 

screens appeared during ITIs.  During the short ITI only the fixation dot appeared 

onscreen, and during the long ITI the word "rest" appeared for 1000 ms, with the fixation 

dot appearing for 250 ms both before and after the word.  The effects of these stimuli 

independent of rhythmic presentation were subsequently tested as part of Experiment 2. 

Event grouping status was determined based on the location of a trial within the 

rhythmic presentation sequence.  In continuous-responding priming tasks, the primary 

interest is gauging the influence of a preceding stimulus on the one that follows, so 

"within-event" and "across-boundary" trials were determined by noting whether adjacent 

trials straddled a short or a long ITI. 

A full-length block contained 400 trials. 

Results 

Main effects 

 The experiment showed main effects for position repetition, F(1,6) = 13.39, p = 

.01, and for grouping, F(1,6) = 37.96, p = .0008.  Participants responded more quickly to 

trials that occurred within the same rhythmic pair than to those that crossed rest 

boundaries.  They were also slightly faster when position alternated than when it 

repeated. 

Interactions 

 Two significant first-order interactions were observed.  As expected, a first-order 

interaction occurred between color repetition and position repetition, F(1,6) = 16.93, p = 

.006.  Consistent with irrelevant feature priming, participants responded fastest to pure-
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repeat and pure-change trials.  They responded more slowly to trials on which only color 

or position changed.  An interaction also occurred between position repetition and event 

grouping (across vs. within), F(1,6) = 10.40, p  = .02.  The speeding of responses with 

alternation of position appeared to weaken in the across-boundary condition.  There was 

also a marginal interaction between color and grouping, F(1,6) = 4.36, p = .08.  

Participants showed a benefit for color repetition in the within-event condition, but this 

was reduced in the across-boundary condition. 

 A significant second-order interaction also occurred between color repetition, 

position repetition, and grouping, F(1,6) = 66.22, p = .0002.  The strength of the 

interaction between color and position varied across the two possible grouping conditions 

(Figure 4).  There appears to be little to no evidence of a cross remaining in the across-

boundary condition.  This is consistent with predictions of boundary-related reductions in 

irrelevant feature priming. 

Discussion 

 This experiment showed several interesting effects.  The most remarkable was the 

almost complete flattening of irrelevant feature priming in the across-boundary condition.  

Not only did the interaction between color and position repetition appear to be wholly 

destroyed, but even simple color repetition priming appeared reduced, if not absent.  

Based on this experiment, it appears that rhythmic separation in two-note pairs has a 

strong ability to disrupt the default ongoing coupling of temporally spaced information. 

 Also notable is an overall slowing in the across-boundary condition when 

compared with the within-event condition.  It is not immediately evident from this 
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Figure 4. Color-position interaction as a function of rhythmic grouping. 

 

experiment whether this is a general property of people’s response to novel events, or 

whether this slowing might have resulted from some other aspect of this experiment, such 

as the longer ITI.   

  

Experiment 2: Arrhythmic ITIs 

 Experiment 1 demonstrated apparent disruption of irrelevant feature priming 

using rhythmic trial grouping.  However the across-boundary condition in Experiment 1 

was confounded with a longer ITI, as well as dot and rest screens.  Long delays between 

stimuli are known to cause a reduction in irrelevant feature priming due to temporal 

decay, and it is also possible that the intervening dot and rest screens may have some how 
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interfered with memory for the preceding stimulus.  Before confidence can be placed in a 

grouping-based modulation of temporal integration, it must be established that the results 

of Experiment 1 were not a function of some other aspect of the experience.  Experiment 

2 examined the effects of ITI duration independent of rhythm.  In this experiment, 1500-

ms and 250-ms ITIs were shuffled so that they appeared randomly throughout the 

experiment.  The experiment thus included long rests but no predictability or rhythmic 

feel.  If rhythmic grouping was the driving force behind the disruption of irrelevant 

feature priming observed in Experiment 1, priming should show less disruption in the 

long-ITI condition of Experiment 2 than in Experiment 1. 

Method 

Participants 

 Nine University of Texas students participated for course credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Colors were red and blue.  Positions were high and low.  Intervening 

stimuli included small black dots and the word “rest.” 

Design 

This experiment had a 2 × 2 × 2 design.  The relevant feature was color.  Position 

was irrelevant.  In this experiment, grouping was replaced as the third factor by preceding 

ITI.  During the experiment stimuli remained onscreen until a response was made, at 

which point they disappeared.  This was immediately followed by the 250-ms dot 

stimulus.  At randomly determined times, this was followed by the 1000-ms rest stimulus, 
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then by another 250-ms dot stimulus (as in the across-boundary condition of Experiment 

1, for a total ITI of 1500 ms).  The total number of 250-ms ITIs and 1500-ms ITIs were 

equal. 

A full-length block contained 400 trials. 

Results 

Main effects 

 The was one main effect for color repetition, F(1,8) = 24.19, p =.001.  

Participants were faster responding to trials on which color repeated than those on which 

it alternated. 

Interactions 

 One significant first-order interaction occurred between color repetition and 

position repetition, F(1,8) = 35.03, p =.0004.  Consistent with irrelevant feature priming, 

participants showed benefits for pure-repeat and pure-change trials.  They responded 

more slowly to trials on which only color or position changed. 

 There was no significant second-order interaction between color repetition, 

position repetition, and preceding ITI (Figure 5).  This would seem to indicate that there 

was no reduction of irrelevant feature priming in this experiment.  It appears that 

temporal delay alone cannot account for the results of Experiment 1. 

Discussion 

 Experiment 2 showed no boundary-related behavior.  None of the effects noted in 

Experiment 1 were observed when the experiment’s rhythmic nature was removed: both 

irrelevant feature priming and simple repetition priming remained consistent across the 
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Figure 5. Color-position interaction as a function of preceding delay. 

 

two ITIs used, and there was no overall slowing on long-ITI trials.  This experiment 

serves as evidence that it was the perception of trials as rhythmically grouped, and not 

simply the long ITIs or intervening stimuli, that produced the reduction of priming 

observed in Experiment 1.  The qualities of rhythmic grouping provide the foundation for 

the waxing and waning of temporal connections in memory. 

 Taken together, Experiments 1 and 2 demonstrate that rhythmic temporal groups 

have the ability to substantially modulate the strength of temporal integration.  This 

integration functions to cohere temporally spaced feature information from trial to trial 

within a pulse group, yet when a boundary is reached, this cohesion appears to be 

severely reduced.  In addition to creating a sense of connection between temporally 
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spaced percepts, therefore, it appears that implicit working memory may indeed be 

responsible for the lack of perceived connection between subsequent groups--in other 

words, boundaries.  The boundaries of temporal groups appear to be linked with a 

reduction in temporal integration at those points, in effect setting apart a connected 

temporal group from other previously experienced stimuli. 

 This method appears to be an effective meter for people’s sense of grouping.  

What’s more, this meter is based on implicit associations of which people have no 

awareness.  It is extremely unlikely that participants in the task realized that temporal 

grouping was under study.  The observed changes in memory at group boundaries reflect 

subtle perceptual processes akin to object recognition, and they occur in a way that can be 

objectively evaluated.  Using this meter, it is possible to make clear predictions about 

people’s behavioral response to various cues, and these predictions can be verified or 

refuted by the resulting data.  This makes it an immensely valuable tool in temporal 

perception research. 

 

Experiments 3a & b: Rest duration 

Having verified the efficacy of the meter, the remaining experiments in this 

section turn attention to the properties of the rhythmic group itself.  Experiments 3a and 

3b investigated the role of rest duration.  The original pulsed rhythm experiment used a 

long rest of 1000 ms (which became an ITI of 1500 ms when preceding and following 

250-ms dot stimuli were taken into account).  Using long rests, it was possible to create 

strong temporal groups that disrupted temporal integration at their boundaries.  However, 
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it remains unclear how much of a role the specific duration used played in this effect.  By 

establishing a limit on the groupable duration of rest, it may be possible to gain greater 

insight into its role in the observed effect. 

 

Experiment 3a: Rest duration–400 ms 

 In this experiment, rest duration was more than halved from 1000 ms to 400 ms.  

This duration was selected because it was roughly equal to the average reaction time of 

participants in the original rhythmic pairs experiment.  If there is a rhythmic element in 

the sense of grouping that emerges from alternating ITIs, then this means that there is a 

relationship between rest timing and the other durations in the experiment, including the 

time it takes a participant to respond to a stimulus.  In this series of experiments, the 

“beat” of the rhythm is set by the participant’s reaction time, so using a rest that lasts for 

a single beat is a rational starting place.  The experiment is identical to the original pulsed 

rhythm experiment, but with rest stimuli appearing for 400 ms rather than 1000 ms. 

Method 

Participants 

 Eight University of Texas students participated for course credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Colors were red and blue.  Positions were high and low.  Intervening 

stimuli included small black dots and the word “rest.” 
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Design 

This experiment had a 2 × 2 × 2 design.  The relevant feature was color.  Position 

was irrelevant.  Grouping status was determined by the position of trials within the 

sequence (across-boundary or within-trial).  During the experiment stimuli remained 

onscreen until a response was made, at which point they disappeared.  This was 

immediately followed by the 250-ms dot stimulus.  On every other trial, this was 

followed by the 400-ms rest stimulus, then by another 250-ms dot stimulus (as in the 

across-boundary condition of Experiment 1, for a total ITI of 900 ms). 

A full-length block contained 400 trials. 

Results 

Main effects 

 There was one main effect for grouping, F(1,7) = 6.17, p =.04.  Participants 

responded more quickly on trials that occurred within the same pulse than on those where 

trials followed rests. 

Interactions 

 Two significant interactions were observed.  A first-order interaction occurred 

between color repetition and position repetition, F(1,7) = 15.24, p = .006.  Consistent 

with irrelevant feature priming, participants responded fastest to pure-repeat and pure-

change trials.  They responded more slowly to trials on which only color or position 

changed. 
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 There was also a second-order interaction between color repetition, position 

repetition, and grouping, F(1,7) = 21.17, p = .003 (Figure 6).  This result is consistent 

with a boundary-related disruption of priming. 

 

Figure 6. Color-position interaction as a function of rhythmic grouping (with 400-ms 
rest). 

 

Discussion 

 The effects observed in Experiment 3a were highly similar to those seen in 

Experiment 1.  Once again, there was little evidence of either irrelevant feature priming 

or repetition priming in the across-boundary condition, and there was also an overall 

slowing of reaction times.  It appears that disruption of temporal integration due to 

rhythmic grouping is fully possible using rests with durations as brief as 400 ms. 

 



 40 

Experiment 3b: Rest duration–250 ms 

 Experiment 3a showed strong boundary effects even with a rest of 400 ms.  

Experiment 3b continued the investigation of a lower threshold to the sense of rest by 

shortening the duration even further from 400 ms to 250 ms.  This is little more than half 

an average reaction time but is still within the normal range of musical note durations. 

Method 

Participants 

 Eight University of Texas students participated for course credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Colors were red and blue.  Positions were high and low.  Intervening 

stimuli included small black dots and the word “rest.” 

Design 

This experiment had a 2 × 2 × 2 design.  The relevant feature was color.  Position 

was irrelevant.  Grouping status was determined by the position of trials within the 

sequence (across-boundary or within-trial).  During the experiment stimuli remained 

onscreen until a response was made, at which point they disappeared.  This was 

immediately followed by the 250-ms dot stimulus.  On every other trial, this was 

followed by the 250-ms rest stimulus, then by another 250-ms dot stimulus (as in the 

across-boundary condition of Experiment 1, for a total ITI of 750 ms). 

A full-length block contained 400 trials. 
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Results 

Main effects 

 There were no main effects in this experiment. 

Interactions 

 One significant interaction was observed between color repetition and position 

repetition, F(1,7) = 15.33, p = .006.  Consistent with irrelevant feature priming, 

participants showed benefits for pure-repeat and pure-change trials.  They responded 

more slowly to trials on which only color or position changed. 

 There was no significant second-order interaction between color repetition, 

position repetition, and grouping (Figure 7).  This would seem to indicate that there was 

no reduction of irrelevant feature priming in this experiment. 

Discussion 

Unlike the previous 400-ms rest experiment, the data from the present 250-ms rest 

experiment showed no boundary-related effects.  Neither irrelevant feature priming nor 

simple repetition priming was significantly altered in the across-boundary condition, and 

there was no main effect for grouping (and indeed, no main effects at all).  These results 

seem to indicate that the lower threshold of rest duration for rhythmic grouping is above 

250 ms and less than or equal to 400 ms.  This interval roughly corresponds to the 

average reaction time of participants in color-position tasks. 

 However, beyond the fact that irrelevant feature priming is not significantly 

different in the across-boundary and within-event conditions, it must also be noted that  
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Figure 7. Color-position interaction as a function of rhythmic grouping (with 250-ms 
rest). 

 

these data appear different from those produced in previous experiments in another way.  

Despite having about the same number of participants as the previous three experiments, 

the data remain fairly muddy with many overlapping error bars.  Participants in this 

experiment showed highly variable performance.  It seems that by including such fast 

rests, the experimental experience may have lost coherence, causing participants to 

behave erratically.  Regardless, this experiment demonstrates that it is not sufficient for a 

rest to merely be longer than a non-rest in order to act as a boundary.  It must meet or 

exceed a certain duration, possibly that of the “beat” established by a participant’s own 

reaction times (as discussed in Experiment 3a). 
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Experiment 4: Triplet rhythm 

 The remaining experiment on rhythmic temporal grouping was designed to 

examine the extent to which these results generalize beyond the specific rhythm used in 

the original experiment.  In the original rhythmic pairs experiment, rests were found to 

have strong segmenting qualities, with irrelevant feature priming strongly disrupted in 

across-boundary trials.  What was less clear, however, was whether the disruptive nature 

of the rest was a property of rests per se (that is, whether disruption would occur across 

rests in any regularly repeating rhythm), or whether the strength of this particular rest was 

a unique property of the specific rhythm used.  Experiment 3b on brief 250-ms rests 

demonstrated that it is not sufficient simply to place a repeated gap between trials in 

order to achieve strong reductions in priming.  It may be that the experience of rests is 

strongly related to the rhythmic context. 

Experiment 4 tested the dependence of rest strength upon rhythm by presenting 

trials in sets of three instead of two (as in the original experiment).  This experiment 

employed identical ITI timing to the original pulsed rhythm experiment; the only 

difference was the position at which rests occurred within the trial sequence. 

Method 

Participants 

 Nine University of Texas students participated for course credit. 
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Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Colors were red and blue.  Positions were high and low.  Intervening 

stimuli included small black dots and the word “rest.” 

Design 

 This experiment had a 2 × 2 × 3 design.  The relevant feature was color.  Position 

was irrelevant.  Grouping status was determined by the position of trials within the 

sequence (across-boundary or one of two within-trial positions).  During the experiment 

stimuli remained onscreen until a response was made, at which point they disappeared.  

This was immediately followed by the 250-ms dot stimulus.  On every third trial, this was 

followed by the 1000-ms rest stimulus, then by another 250-ms dot stimulus (as in the 

across-boundary condition of Experiment 1, for a total ITI of 1500 ms).  The full 

sequence is illustrated in Figure 8. 

A full-length block contained 408 trials. 

Results 

 As noted previously, instead of grouping purely by within- and across-event 

distinctions, data were grouped by the point at which they appeared within the sequence.  

This grouping scheme yielded a greater ability to observe the priming strength throughout 

the course of the sequence. 

Main effects 

The was one main effect for sequence position (first, second, or third trial of the 

triplet), F(2,16) = 14.48, p =.0003.  Participants appeared to respond more quickly on 
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Figure 8. Trial sequence for rhythmic triplets experiment. 

 

within-event trials (trials 2 and 3) than on across-boundary trials (trial 1).  This was 

confirmed using Tukey post-hoc comparisons, p < .05. 

Interactions 

 Two interactions were observed in this experiment.  A significant first-order 

interaction occurred between color repetition and position repetition, F(1,8) = 44.89, p 

=.0002.  Consistent with irrelevant feature priming, participants responded fastest to 

pure-repeat and pure-change trials.  They responded more slowly to trials on which only 

color or position changed. 
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 There was also a significant second-order interaction between color repetition, 

position repetition, and sequence position, F(2,16) = 8.60, p = .003 (Figure 9), indicating 

a difference in the pattern of the first-order interaction across sequence position.  This 

result is consistent with a boundary-related disruption of priming. 

 

Figure 9. Color-position interaction as a function of rhythmic grouping (triplet). 

 

Discussion 

 This experiment produced similar effects to those observed in successful rhythmic 

pairs experiments (Experiments 1 & 3a).  Irrelevant feature priming did appear to be 

reduced in the across-boundary condition (although there was greater evidence of simple 

repetition priming than in previous experiments), and participants were slower on across-

boundary trials.  These results seem to indicate that rests do act as boundaries for triplets 
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much as they do for pairs.  Despite this evidence of boundary behavior, however, 

irrelevant feature priming did not appear to be as completely extinguished as it was in the 

strongest rhythmic pair experiments.  Along with Experiment 3b, the present experiment 

suggests that rest strength cannot be decoupled from rhythmic context.  It is not sufficient 

to present any periodic gap and to expect to see a full disruption of priming.  It appears 

that the two-note pair represents a unique rhythmic unit with especially distinct event 

encapsulation properties. 

 What this means about the perception of triplets is less clear.  It may be that 

triplets are simply perceived in a more continuous manner with less abrupt onsets and 

offsets.  It is also possible that longer rhythmic sequences become muddier, without the 

sharpness of definition that exists in brief, concise sequences.  It is also feasible that the 

diminished distinctiveness of triplets may stem from the increased duration of the entire 

three-note sequence as compared with a two-note pair.  It has been suggested that 

temporal proximity of stimuli creates a figure-ground percept, in which the proximal 

stimuli act as the figure and the large gaps of silence on either side act as the ground.  In 

spatial figure-ground perception, the relative area of the figure (compared with that of the 

ground) is a configural cue that affects the strength of the figure-ground percept (Peterson 

& Grant, 2003).  Objects with smaller areas are more likely to be perceived as figures, 

which results in less figure-ground ambiguity. 

It is possible that a similar principle is at work in the temporal domain, so that as 

the size of the “figure” (that is, the sequence of grouped trials) increases, it becomes less 

distinct from its “ground” (the rest).  This could result in a reduced sense of grouping and 
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weaker boundaries.  Of course, temporal proximity should be recognized as distinct from 

spatial proximity, and one must be hesitant in overextending generalizations from one to 

the other (particularly in light of Experiment 3a on 400-ms rests). 

Regardless, a figure-ground ratio is only one of many possible explanations for a 

stronger grouping of pairs than triplets.  The more important outcome from Experiment 4 

is its demonstration of the fact that temporal integration may not be a strictly “on/off” 

phenomenon.  It is possible that some temporal groups may be weaker than others, and 

that this weakness may be manifested as incomplete disruptions of priming at boundaries. 

 

General discussion 

Experiment 1 demonstrated that it is possible to disrupt irrelevant feature priming 

using only temporal grouping.  In this experiment, priming was significantly reduced 

only on trials that straddled rhythmic rests.  This was also observed in Experiment 3a 

using a briefer rest duration.  Experiment 2 confirmed that this reduction of priming was 

more than a simple effect of delay times, but rather depended upon the predictable, 

structured placement of rests.  However, there does appear to be a certain amount of 

rhythmic selectivity in boundary effects.  Using triplets rather than couplets showed 

incomplete disruptions of irrelevant feature priming across boundaries (Experiment 4), 

and reducing rest duration in the original couplet experiment to 250 ms produced erratic 

results (Experiment 3b).  In order to understand why grouping appears to be strong in 

some cases but not in others, it may prove helpful to investigate the behavior of irrelevant 

feature priming in the context of other types of temporal groups. 
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Part 2. Temporal Grouping and Event Segmentation 

 
The discussion thus far has been couched primarily in the Gestaltist terms of 

temporal grouping.  The previous experiments on rhythm provided evidence that strong 

temporal group boundaries are accompanied by a weakening of temporal integration.  Yet 

there exists an array of ways in which temporally spaced percepts might feasibly be 

grouped.  What people conceptualize as temporal groups may vary widely in nature, size, 

and complexity, yet it is unlikely that all of these affect temporal integration strength 

equally.  Further complicating the issue is the fact that people’s impressions of temporal 

connectedness appear to offer only limited guidance in determining where boundary-

related priming reductions will occur.  The preceding experiments on couplet and triplet 

rhythms (Experiments 1, 3a, & 4) have already demonstrated that people’s explicit 

awareness of groups may be less sensitive than is the irrelevant feature priming meter.  

Prior to Experiment 4 on triplet rhythms, it was not immediately apparent that triplets 

might act as weaker temporal groups than couplets; however, the triplet experiment 

showed a weaker reduction of priming than experiments involving couplets. 

The next step in investigating the boundary-related behavior of implicit working 

memory is to attempt to obtain a more thorough understanding of the circumstances 

under which reductions in temporal integration occur.  This may be accomplished by 

applying the irrelevant feature priming technique in a variety of contexts that may 

produce a sense of temporal grouping.  However, this need not be done haphazardly.  The 

segmentation of ongoing perceptual experience has long been studied in the event 

perception literature (discussed previously), and it offers a natural starting point for the 
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present investigation.  As an added benefit, drawing from the event perception literature 

presents an opportunity to compare the extent to which boundaries identified using both 

methods overlap.  It should be noted, however, that the existing event perception research 

is considerably broader in focus than the present work on simple perceptual temporal 

grouping.  Consequently, the selection of appropriate boundaries requires thoughtful 

scrutiny. 

 

Simple events 

 Event segmentation research has largely focused on the coarse- and fine-grained 

boundaries that people perceive in movies depicting everyday human activities.  Despite 

the prevalence of this type of work, real-world scenes are extremely complex and lack the 

level of control needed to systematically probe event-related reductions in temporal 

integration strength.  Furthermore, it seems unlikely that all event boundaries would be 

equally capable of affecting temporal integration.  The events found to modulate 

irrelevant feature priming in Part 1 were simple and direct, building upon relatively 

straightforward changes in stimulus presentation.  Simple physical events of this type are 

likely more effective modulators for a memory system that deals in integrating low-level 

perceptual information such as object features. 

 A small number of event segmentation studies have examined simple event 

boundaries based only upon physical changes.  According to Zacks (2004), simple events 

of this kind (usually defined by sensory characteristics) tend to produce fine-grained 

boundaries that are identified in a bottom-up fashion.  In Zacks’ study, people viewed and 
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segmented a movie depicting two geometric shapes wandering at random over a white 

background.  Manipulations included the required fineness of the event grain as well as 

participants’ beliefs about the intentionality of the shapes’ movement (in some conditions 

participants were informed that shapes were being controlled by unseen players).  Zacks 

found that simple motion features, particularly acceleration and inter-object distance, 

seemed to correspond with event boundary placement (particularly in the fine-grained 

condition where motion was interpreted as random). 

Another study used simple animated stimuli to examine event overlap (Lu et al., 

2009).  Participants viewed movies of two fish that had independent start and stop times.  

Rather than a Newtson-type segmentation task, participants selected one of several 

possible relationship categories (such as “before,” “meet,” “overlap,” and so on) from a 

diagram after viewing each scene.  The authors found that people did identify the on- and 

offset of motion as boundaries, and that they seemed to prioritize endings in determining 

event relationships.  This specialized attention to event endings may, however, be unique 

to scenes that include multiple simultaneous events.  Regardless, participants appeared to 

have little additional trouble tracking the two fish as unique events, suggesting that 

location itself may have acted as an event segmentation cue in this experiment. 

In addition to the segmentation of simple animations, event perception research 

has also examined the segmentation of naturalistic movies in a manner that focuses 

primarily on simple physical changes.  Rui and Anandan (2000) analyzed the 

predictability of fine-grained segmentation data based on the location of motion 

discontinuities in movies.  The authors found a 60% correlation between boundaries 
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marked using this bottom-up method and those marked by human participants, indicating 

that changes in motion may contribute to boundary perception.  In another study, Hard, 

Tversky, and Lang (2006) observed that segmentation was more likely to occur when 

there were bursts of motion change during movies of human activities, and that the 

fineness of the event grain was linked to burst magnitude.  The results of Rui and 

Anandan and of Hard et al. indicate that motion may be a relevant segmentation cue even 

in complex naturalistic scenes.  

   

Testing event segmentation boundaries 

 Work on simple event boundaries has primarily focused on the role of motion in 

determining segmentation points.  The most consistently implicated boundary cues are 

acceleration, spatial shifts, and large changes in patterns of motion (Hard et al., 2006; Lu 

et al., 2009; Rui and Anandan, 2000; Zacks, 2004).  However, it is unknown whether 

such boundaries would result in a consequent reduction of temporal integration.  The 

following experiments examined the behavior of irrelevant feature priming in the 

presence of these proven boundaries from the event perception literature.  Stimuli 

underwent simple physical changes such as acceleration (Zacks) and spatial shifts (Lu et 

al.; see also Kurby & Zacks, 2008). 

 In addition to ascertaining whether the boundaries determined using the irrelevant 

feature priming method are consistent with established event boundaries, the following 

experiments also sought to more fully probe the conditions under which disruptions in 

temporal integration do and do not occur.  Experiments in this section move beyond those 
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boundaries discussed in the event perception literature, but continue to concentrate on 

events defined by physical space and motion.  Manipulations included translations of 

visual stimuli in multiple dimensions, visual rotations, and translations of auditory 

stimuli.  The continuity or abruptness of motion was also manipulated.  These 

experiments sought to establish a more thorough understanding of the constraints 

governing the disruption of irrelevant feature priming. 

 

EXPERIMENTS: Spatial transformations 

 

General method 

Experiments in this section largely followed the general method described in Part 

1.  However, in addition to visual stimuli, pure tones and were created using Matlab.  

Sounds were presented via headphones.  Participants were given the opportunity to listen 

to auditory stimuli prior to practice sessions when categories involved relative 

relationships (e.g., “soft” and “loud”). 

 

General analysis 

Experiments in this section followed the general analysis procedures described in 

Part 1. 
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i.  Motion change 

 

Experiments 5a & 5b: Acceleration 

 Zacks (2004) found that people tend to perceive boundaries at points where 

objects accelerate.  Experiments 5a and b examined irrelevant feature priming in the 

presence of acceleration events.  Experiment 5a explored ricochet, a form of acceleration 

with ecological relevance.  Experiment 5b employed more dramatic, unpredictable 

changes in motion and direction. 

 The experiments in this section required motion in order to analyze the grouping 

properties of motion-based changes.  This presented a challenge in view of the fact that 

color-position stimuli employ position as the irrelevant feature.  In order to prevent 

position from being perceptually confounded with overall stimulus motion, it was 

necessary to provide a context for the color-position stimulus.  This was achieved by 

reducing the size of the colored circles and presenting them in either the top or bottom 

portion of a divided vertical rectangle (see Figure 10).  This rectangle could then be 

moved as needed while leaving intact a clearly defined “top” and “bottom” position.  

Motion could also be maintained in the absence of irrelevant feature priming stimuli by 

moving the empty rectangle.  By presenting stimuli in this manner, it was possible to 

disentangle position as a stimulus feature from overall stimulus motion. 
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Experiment 5a: Ricochet 

 Experiment 5a tested whether predictable, repeated changes in motion direction 

are capable of producing boundary effects.  In this experiment, the stimulus presentation 

rectangle moved in a continuous diamond pattern (Figure 10).  This pattern was used in 

an attempt to enhance the sense of boundary at direction change locations by evoking a 

ricochet percept.  In real-world environments, direction change represents the operation 

of different forces upon an object, such as collision with a barrier.  Collisions of objects 

with significantly different masses produce ricochet effects.  People have been shown to 

attend to these effects and to use them to draw conclusions about the physical properties 

of the objects in question (Gilden & Proffitt, 1994).  It was thought that this type of 

meaningful direction change might have greater salience for viewers, thus drawing their 

attention to the boundaries. 

The diamond pattern also permitted the comparison of across-boundary 

conditions with within-event conditions.  In this experiment, irrelevant feature priming 

stimuli could appear either at the vertices of the diamond or at the midpoint of each side 

(Figure 10).  Stimuli at vertices represented the across-boundary condition because they 

were accompanied by a perpendicular change in the direction of motion.  Stimuli 

appearing at midpoints, however, continued smoothly in the same direction as the 

preceding stimulus.  This represented the within-event condition. 
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Method 

Participants 

 Eight University of Texas students participated in the experiment for course 

credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Circles appeared in either the top or bottom portion of a divided 

vertical rectangle.  Colors were red and blue. 

Design 

This experiment had a 2 × 2 × 2 design.  The relevant feature was color.  Position 

was irrelevant.  Grouping could be across-boundary or within-event depending upon the 

trial onset point.  The stimulus presentation rectangle moved in a counterclockwise 

diamond pattern and remained in continuous motion over the course of the experiment 

(Figure 10).  The diamond pattern was centered on the screen and had four sides of equal 

length.  Stimuli could appear at eight possible start points: the four vertices and the 

midpoints of each of the four sides.  Across-boundary trials were those that began at 

vertices.  Within-event trials had onsets at the midpoints of the sides of the diamond. 

Circles would appear inside the rectangle at these points and remain onscreen 

until either the participant responded, or the rectangle reached the next stimulus onset 

point.  1700 ms was allotted between start points, and participants hardly ever missed a 

response.  Once a response was registered, the colored circle would disappear and the 
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empty rectangle would continue to slide in the same direction until reaching the next 

onset point.   

A full-length block contained 400 trials. 

 

Figure 10. Trial sequence for ricochet experiment.  Black hexagons indicate trial onset 
points. 

 

Results 

Main effects 

 There was one marginally significant main effect for position repetition, F(1,7) = 

4.73, p =.07.  Participants responded more quickly when position repeated than when it 

alternated. 
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Interactions 

 One significant first-order interaction was observed between color repetition and 

position repetition, F(1,7) = 48.10, p =.0002.  Consistent with irrelevant feature priming, 

participants responded fastest to pure-repeat and pure-change trials.  They responded 

more slowly to trials in which only color or position changed. 

 There was no significant second-order interaction between color repetition, 

position repetition, and grouping (Figure 11).  It appears that there was no reduction of 

irrelevant feature priming in this experiment. 

 

Figure 11. Color-position interaction as a function of motion-based grouping (ricochet). 
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Discussion 

 Predictable, consistent changes in motion direction failed to extinguish irrelevant 

feature priming and would therefore not be classified as a boundary by the present 

technique.  In addition, there was no significant slowing of reaction times in the across-

boundary condition, an effect observed in previous successful boundary manipulations.  

The lack of boundary behavior for motion change is inconsistent with the prevailing 

event perception research and suggest that the two techniques tap different temporal 

grouping processes.  It is conceivable, however, that this result may be atypical, 

particularly in light of the constant geometric pattern of motion.  If participants 

experienced direction changes less as ricochet and more as shape-tracing, this might have 

caused all onset points to have a greater sense of unity.  Before entirely dismissing 

direction change as a memory-modulating boundary, it was necessary to remove this 

potential confound. 

 

Experiment 5b: Unpredictable speed and direction change 

 Experiment 5a showed no boundary-related effects using predictable changes in 

direction of motion.  The present experiment dispensed with any sort of predictability in 

terms of speed and direction of motion, allowing stimuli to wander freely across the 

screen.  At regular intervals, however, the stimulus presentation rectangle would undergo 

a radical change in both speed and direction (accompanied by a sound to accent the 

change).  If the lack of event boundary effects in Experiment 5a was mediated purely by 
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predictability and shape, Experiment 5b should make this apparent by showing greater 

disruption at boundaries. 

Method 

Participants 

 Ten University of Texas students participated in the experiment for course credit.  

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Circles appeared in either the top or bottom portion of a divided 

vertical rectangle.  Colors were red and blue. 

Design 

 This experiment had a 2 × 2 × 2 design.  The relevant feature was color.  Position 

was irrelevant.  Grouping was either across-boundary or within-event and was 

determined by whether the trial followed a shift in motion (across-boundary) or not 

(within-event).  The speed and direction of the stimulus’ movement was determined 

randomly by drawing from a set of X and Y incrementation values.  In order to ensure 

that speed and direction change was dramatic and noticeable, parameters were set to 

require that X and Y values exceeded a certain difference from their previous values.  A 

new speed and direction was selected every two trials.  This change schedule ensured that 

there were equal numbers of across-boundary and within-event trials.  A sample sequence 

is illustrated in Figure 12.  Every change in speed and direction was also accompanied by 

a brief percussive sound to draw attention to the change. 
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 Because speed and direction were random, this experiment had no predetermined 

onset positions.  Instead, trials switched at a regular interval of 1500 ms.  This was ample 

time for participants to make a response, and hardly any misses occurred.  Once a 

response was registered, the colored circle would disappear and the empty rectangle 

would continue to slide in the same direction until the time limit was reached. 

A full-length block contained 400 trials. 

 

Figure 12. Sample trial sequence for unpredictable speed and direction change 
experiment.  Black hexagons indicate trial onset points. 

 

Results 

Main effects 

 This experiment had two main effects.  A main effect was observed for grouping 

(across-boundary vs. within-event), F(1,9) = 10.92, p =.009.  Participants were faster on 
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trials that had the same kind of motion as the preceding stimulus (within-event grouping).  

Another main effect was found for position repetition, F(1,9) = 10.05, p = .01.  As in the 

previous motion experiment (5a), participants were faster when position repeated. 

Interactions 

 The experiment showed two first-order interactions.  One interaction occurred 

between color repetition and position repetition, F(1,9) = 26.33, p =.0006.  Consistent 

with irrelevant feature priming, participants showed benefits for pure-repeat trials, 

although benefits for pure-change trials appeared to be minimal.  They responded more 

slowly to trials on which only color or position changed.  The second interaction occurred 

between color repetition and grouping, F(1,9) = 12.00, p = .007.  Participants showed 

more color repetition benefits in the within-event condition. 

 There was no significant second-order interaction between color repetition, 

position repetition, and grouping (Figure 13).  It appears that there was no boundary-

related reduction of irrelevant feature priming in this experiment. 

Discussion 

 The data from this experiment differed somewhat in appearance from those of 

previous ones.  While there was an obvious interaction between color repetition and 

position repetition, it was not the strong ‘X’ normally seen.  Differences in the color-

alternation portion of the graph appeared to be muted.  There is no single obvious 

explanation for this difference, but the less-than-perfect alignment may stem in part from 

the almost erratic motion of the stimuli.  Although participants knew that motion would 

change every two trials, they had no way of predicting the direction or speed.  The degree 
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Figure 13. Color-position interaction as a function of motion-based grouping 
(unpredictable speed and direction change). 

. 

of uncertainty in the experiment’s motion may have contributed to the unusually shaped 

interaction. 

 Nevertheless, a color-position interaction did occur, indicating that changes in the 

irrelevant feature did influence the way people processed relevant feature changes.  

Furthermore, although there was a slowing in the across-boundary condition, the shape of 

the interaction did not significantly change when trials occurred across a boundary.  In 

light of this second fact, it is likely that the overall slowing of reaction times in the 

across-boundary condition resulted more from the challenge of tracking changing motion 

than from a sense of boundary.  Therefore, the results of this experiment were consistent 
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with those of Experiment 5a in failing to label changes in motion as strong boundaries.  

This represents a notable divergence from the majority of event perception research. 

 One additional point of interest in the analysis of Experiment 5b is the interaction 

that occurred between color repetition and grouping.  This indicates that people were at 

some level aware of and influenced by the change in motion.  Even if it did not produce 

expected boundary effects in irrelevant feature priming, there was some indication that 

simple repetition priming may have been reduced or even reversed in the across-

boundary condition.  A reversal of repetition priming might be expected in cases where a 

significant and highly salient change in the stimulus interferes with people’s ability to 

select a “same” response.  A sudden large change in speed and direction might affect 

people in this manner.  Similar reversals of repetition priming will be observed in 

subsequent experiments. 

 

ii. Spatial shifts 

 Unlike the event segmentation literature, irrelevant feature priming methods did 

not label motion change as a strong boundary.  The following experiments turn attention 

to a second type of boundary from this literature: spatial shifts.  These experiments 

involve the appearance of stimuli at one of two possible locations, with boundary-related 

reductions in priming expected to occur after location changes.  The experiments in this 

section tested priming strength after lateral shifts, auditory shifts, and shifts in depth. 



 65 

 

Experiments 6a & b: Lateral shifts 

One of the simplest possible spatial relationships is juxtaposition in the same 

plane.  It also has the added benefit of being easy to represent on a computer screen.  

Experiments using lateral shifts represent a straightforward method of establishing and 

characterizing any event boundary effects due to spatial shifts while avoiding needless 

complexity and potential confounds. 

 

Experiment 6a: Small distance 

 In this experiment, stimuli appeared twice at one location and then twice at 

another.  Same-location appearances represented the within-event condition, and 

different-location appearances represented the across-boundary condition.  The two 

possible stimulus locations were distinct and clearly separate, but still fairly close to one 

another. 

Method 

Participants 

 Seven University of Texas students participated in the experiment for course 

credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Circles appeared in either the top or bottom portion of a divided 

vertical rectangle.  Colors were red and blue. 
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Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was color.  

Position was irrelevant.  Grouping was determined according to whether location 

alternated (across-boundary) or repeated (within-event).  There were also two unique 

locations that were taken into consideration in the analysis.  Stimuli could appear in 

either left or right locations on the screen, separated by a distance of 2 cm (the 

approximate width of the stimulus).  The locations were centered on the screen.  Only 

one location could be occupied at a time, during which the other location was completely 

empty.  Location switched every two trials. 

A full-length block contained 400 trials. 

Results 

Main effects 

 The experiment had three main effects.  Participants were faster when stimuli 

appeared in the right location, F(1,6) = 5.98, p =.05, and when color repeated, F(1,6) = 

23.72, p = .003.  Color repetition benefits appeared to be unusually strong in the within-

event condition.  Participants were also faster on trials that occurred at the same 

consecutive location (within-event) than on those that switched (across-boundary), F(1,6) 

= 55.62, p = .0003.  

Interactions 

 The experiment showed three significant first-order interactions.  An interaction 

occurred between color repetition and position repetition, F(1,6) = 10.42, p =.02.  

Consistent with irrelevant feature priming, participants showed benefits for pure-repeat 
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and pure-change trials, although as noted previously, there appeared to be a much greater 

main effect for color repetition than usual.  They responded more slowly to trials on 

which only color or position changed.  Another first-order interaction occurred between 

color repetition and grouping, F(1,6) = 41.16, p = .0007.  Participants showed more color 

repetition benefits in the within-event condition.  There was also an interaction between 

grouping and location, with greater speeding of within-event trials relative to across-

boundary trials when stimuli appeared in the left position, F(1,6) = 12.92, p = .01.  There 

was also a marginal interaction between position repetition and location, with trials in the 

left position showing greater repetition priming, F(1,6), p  = .06. 

 There was also a second-order interaction between color repetition, position 

repetition, and grouping, F(1,6) = 7.20, p = .04 (Figure 14), indicating a difference in the 

color-position interaction within-events versus across-boundaries.  This is consistent with 

a boundary-related reduction in irrelevant feature priming. 

Discussion 

Experiment 6a clearly displayed a general slowing in the across-boundary 

condition, an effect that has often been associated with event boundaries.  Simple 

repetition priming was also reduced, although not completely eliminated.  However, the 

true indicator of the presence of boundaries appears to be the reduction of irrelevant 

feature priming.  This experiment produced significant priming differences in boundary 

and non-boundary conditions, but it also showed an unexpected main effect for color 

repetition in the within-event condition.  Although irrelevant feature priming was still 
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Figure 14. Color-position interaction as a function of spatial grouping (small lateral 
shift). 

 

present in this condition, the benefit for color repetition was so strong that it nearly 

overwhelmed the interaction.  This result was unexpected. 

Strong repetition effects have previously been associated with experiments that 

have high information content (such as an overabundance of alternatives; Hyman, 1953), 

so this result may indicate that there are sources of stimulus ambiguity in this experiment.  

One possible culprit is the double-use of position.  In this experiment, position served 

both as a stimulus feature (top versus bottom) and as a grouping variable (left versus 

right).  This may have been less of an issue in experiments that incorporated sliding 

motion (e.g., Experiments 5a & b) because the two could be distinguished on the basis of 

common-fate grouping.  In the present experiment, however, the close proximity of the 
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two locations might potentially appear to the perceiver as four possible stimulus 

positions.  If this is the case, it is a testament to the strength of spatial shifts as event 

boundaries that the left-to-right shift still appears to have disrupted temporal integration 

under these circumstances. 

 If positional ambiguity is the driving force behind the large main effect observed 

in the within-event condition, it may be possible to reduce the main effect by reducing the 

perceived ambiguity. 

 

Experiment 6b: Large distance 

 Experiment 6a produced apparent event boundary effects but showed an 

unexpected main effect for color repetition in the within-event condition.  This main 

effect may have resulted from positional ambiguity.  The present experiment sought to 

reduce this ambiguity by increasing the distance between stimulus locations. 

Method 

Participants 

 Seven University of Texas students participated in the experiment for course 

credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Circles appeared in either the top or bottom portion of a divided 

vertical rectangle.  Colors were red and blue. 
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Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was color.  

Position was irrelevant.  Grouping was determined according to whether location 

alternated (across-boundary) or repeated (within-event).  There were also two unique 

locations.  Stimuli could appear in either left or right locations on the screen, separated by 

a distance of 9.5 cm (the width of roughly five stimuli).  These locations were centered 

on the screen.  Only one location could be occupied at a time, during which the other 

location remained completely empty.  Location switched every two trials. 

A full-length block contained 400 trials. 

Results 

Main effects 

 This experiment had two main effects.  A main effect was observed for event 

grouping, F(1,6) = 27.93, p =.002.  Participants were faster on trials that occurred at the 

same consecutive location (within-event) than on those that switched (across-boundary).  

There was also a main effect for color repetition, F(1,6) = 9.69, p = .02.  Participants 

responded more quickly when color repeated.  Although color repetition effects 

continued to be stronger than in previous experiments, there was marginal evidence that 

they might have been weaker in the present experiment (difference = .425) than in 

Experiment 6a involving a smaller inter-location distance (difference = .705).  This was 

tested using a mixed between-within subjects ANOVA, F(1,12) = 3.12, p = .10. 
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Interactions 

 Two first-order interactions were observed.  An interaction occurred between 

color repetition and position repetition, F(1,6) = 7.85, p =.03.  Consistent with irrelevant 

feature priming, participants showed benefits for pure-repeat and pure-change trials.  

They responded more slowly to trials on which only color or position changed.  The 

second first-order interaction occurred between color repetition and grouping, F(1,6) = 

9.77, p = .02.  Participants showed more color repetition benefits in the within-event 

condition. 

 There was also a second-order interaction between color repetition, position 

repetition, and grouping, F(1,6) = 15.72, p = .007 (Figure 15), indicating a difference in 

the color-position interaction within-events versus across-boundaries.  This is consistent 

with a boundary-related reduction in irrelevant feature priming.  A marginal second-order 

interaction also occurred between color repetition, grouping, and location, F(1,6) = 4.91, 

p = .07. 

Discussion  

 Experiment 6b displayed all the effects previously associated with event 

boundaries: a reduction of both simple repetition priming and, more importantly, 

irrelevant feature priming, along with an overall slowing in the across-boundary 

condition.  Experiments 6a & b both showed significant reductions of irrelevant feature 

priming at event boundaries, demonstrating that lateral spatial shifts appear to act as 

strong boundaries.  However, the pronounced main effect for color repetition observed in 

Experiment 6a may have been reduced when the inter-location distance was increased in  
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Figure 15. Color-position interaction as a function of spatial grouping (large lateral shift). 

 

Experiment 6b.  This result is consistent with a stimulus position ambiguity explanation.  

By increasing the distance between stimuli, it may be that global position (as a grouping 

variable) was more clearly distinguished from relative position (as an irrelevant feature), 

which reduced the number of perceived alternatives and consequently, the magnitude of 

repetition priming.  Color repetition main effects might be expected to be further reduced 

with additional distance between left and right locations. 

 

Experiment 7: Auditory spatial shifts 

 One of the goals of the present work is to establish boundary effects in implicit 

working memory as a general property of perception.  Consequently it is important 
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whenever possible to examine multiple modalities.  The spatial shift boundary offers an 

opportunity to test its generalization to the auditory modality by taking advantage of 

auditory localization abilities.  The auditory system makes use of differences in timing 

and intensity from the two ears in order to determine the location of a sound source.  The 

present experiment attempted to replicate boundary effects for spatial shifts using only 

auditory stimuli.  The irrelevant feature priming stimuli used in this experiment were 

adapted from Huettel and Lockhead’s (1999) study on interactions between tone loudness 

and pitch. 

 An added benefit of auditory spatial shifts is that they reduce the potential 

interference between position as a feature and location as a grouping variable by using 

non-positional tone features.  This experiment also offered an opportunity to examine the 

maximum possible auditory location difference by employing sounds presented to a 

single ear at a time.  This created a strong sense of localization on the left or right side of 

the head.  For these reasons, positional ambiguity of stimuli should no longer be an issue 

in the present experiments (as it was in Experiments 6a and 6b).  Priming in the within-

event condition should not show the pronounced main effects for relevant feature 

repetition observed in the lateral shift experiments. 

Method 

Participants 

 Eleven University of Texas students participated in the experiment for course 

credit. 
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Stimuli 

 Irrelevant feature priming stimuli were 250-ms tones that varied in frequency and 

intensity.  Frequencies included 1000 and 1015 Hz.  Intensities included 70 and 72 dB 

(labeled “soft” and “loud” for participants). 

Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was loudness.  

Pitch was irrelevant.  Grouping was determined according to whether location alternated 

(across-boundary) or repeated (within-event).  There were also two unique locations.  

Stimuli could appear in either the left or right headphone.  Location switched every two 

trials. 

The ITI used was 600 ms, which was longer than usual because of the auditory 

modality.  A full-length block contained 400 trials. 

Results 

Main effects 

 This experiment showed one main effect for event grouping, F(1,10) = 25.96, p 

=.0005.  Participants were faster on trials that occurred at the same consecutive ear 

(within-event) than when they switched (across-boundary). 

Interactions 

 This experiment displayed no significant interaction between loudness and pitch.  

Although this may seem counter to predictions, this likely results from the near-reversal 

of the interaction in the across-boundary condition.  When averaged, the interaction 

between loudness and pitch appears nonexistent. 
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 Nevertheless, a second-order interaction occurred between loudness repetition, ear 

repetition, and grouping, F(1,10) = 10.41, p = .009 (Figure 16), indicating a difference in 

the loudness-ear interaction within-events versus across-boundaries.  This is consistent 

with a boundary-related reduction in irrelevant feature priming. 

 

Figure 16. Loudness-pitch interaction as a function of spatial grouping. 

 

Discussion 

 This first experiment on auditory grouping demonstrated that the effects observed 

in the visual modality generalize well to the auditory modality.  As in previous 

experiments, there was a general slowing when stimuli crossed event boundaries.  More 

importantly, irrelevant feature priming appears to have been severely disrupted in the 

across-boundary condition, although there was slight evidence that the cross may have 
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actually started to reverse.  There was also a suggestion that simple repetition priming 

may have been reversed in the across-boundary condition, similar to the effect observed 

in Experiment 5b.  This will be further discussed in Part 4.  

 This experiment did not show the strong main effects for relevant feature 

repetition observed in Experiments 6a and 6b.  In the present experiment, positional 

ambiguity was reduced by using pitch rather than position as the irrelevant feature.  Also, 

because tones were presented to the two ears separately, stimuli should have had the 

maximum possible interlocational distance.  The lack of main effects for relevant feature 

repetition in this experiment therefore suggests that these effects were indeed driven by 

positional ambiguity in Experiments 6a and 6b.  Despite the differences in these main 

effects, the reduction of irrelevant feature priming and the main effect for grouping 

indicate that auditory shifts, like lateral shifts, act as effective boundaries. 

 

Experiments 8a & b: Shifts in depth 

 Previous experiments on spatial shifts (Experiments 6a & b) demonstrated that 

abrupt lateral shifts produce strong boundary effects.  Trials that occurred after such 

shifts showed greatly reduced priming.  The present pair of experiments attempted to 

extend those results to the dimension of depth.  This is a worthwhile manipulation 

because it emphasizes the role a viewer’s interpretation of visual space plays in 

determining boundary effects.  Although all perception involves some degree of 

interpretation, depth manipulations draw attention to this fact because shifts in depth can 

be perceived in the absence of actual movement.  Depth perception makes use of 
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numerous cues, ranging from perspective to oculomotor cues such as convergence and 

accommodation.  Some of these, such as shading and occlusion, depend heavily upon an 

object’s relationship with other objects.  In these cases, changing some portion of the 

visual context alone can have powerful effects on an object’s perceived motion or 

location. 

The present experiments attempted to create the illusion of planar separation 

using only simple monocular depth cues.  These simple visual experiences cannot 

confuse the viewer into believing two trials are actually separated in depth; however, they 

may be strong enough to influence his or her interpretation of what is being represented.  

Thus these experiments sought not only to establish that irrelevant feature priming is 

disrupted by spatial shifts in depth, but also to demonstrate the extent to which a viewer’s 

interpretation of a scene is capable of influencing temporal integration strength. 

 

Experiment 8a: Occlusion 

  The first depth experiment relied entirely upon occlusion to indicate a change in 

depth.  This experiment featured a large rectangle that slid from offscreen to occlude the 

previous stimulus in the background plane.  The occlusion animation was expected to 

lead participants to view the rectangle as being closer to the viewer (in the foreground 

plane).  This rectangle would remain onscreen for two trials, with trials now ostensibly 

occurring in the foreground, and then slide back offscreen to allow the next two trials to 

occur in the background plane.  If a spatial shift is perceived (and it is perceived as a 
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boundary), the experiment should show results similar to those observed in Experiments 

6a and 6b on lateral shifts. 

Method 

Participants 

 Six University of Texas students participated in the experiment for course credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Circles appeared in either the top or bottom portion of a divided 

vertical rectangle.  Colors were red and blue. 

 The occluding rectangle was a large, unfilled horizontal rectangle (Figure 17).  

This rectangle always contained the divided vertical stimulus presentation rectangle, 

either filled or empty. 

 

Figure 17. Occluding rectangle and sample stimulus used in Experiment 8a (occlusion 
only). 
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Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was color.  

Position was irrelevant.  Grouping was determined according to whether depth alternated 

(across-boundary) or repeated (within-event).  There were also two unique depths.  

Irrelevant feature priming stimuli always appeared in the center of the screen. 

A full experiment sequence spanned four trials.  Two trials would occur before 

the appearance of the occluding rectangle.  After the second trial, the occluding rectangle, 

containing an empty stimulus presentation rectangle (that is, the divided rectangle 

containing no circles), would quickly slide upward from the bottom of the screen, 

occluding the previous divided rectangle.  The occluding rectangle would remain 

onscreen for the next two trials, after which it (and its empty divided rectangle) would 

slide downward to reveal the “original” divided rectangle.  This sequence repeated 

throughout the course of the experiment.  Animations had the same duration as within-

event ITIs, 400 ms.  This was longer than the standard ITI used in other visual 

experiments because 250-ms animations were too fast to be easily comprehended. 

A full-length block contained 400 trials. 

Results 

Main effects 

 This experiment showed main effects for event grouping, F(1,5) = 24.91, p =.004, 

and color repetition, F(1,5) = 6.72, p = .05.  Participants were faster on trials that did not 

follow occlusion animations (within-event) than on those that did (across-boundary).  

They also showed benefits for color repetition. 
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Interactions 

 The experiment showed one significant first-order interaction between color 

repetition and position repetition, F(1,5) = 26.76, p =.004.  Consistent with irrelevant 

feature priming, participants showed benefits for pure-repeat and pure-change trials.  

They responded more slowly to trials on which only color or position changed. 

 There was no significant second-order interaction between color repetition, 

position repetition, and grouping (Figure 18).  This would seem to indicate that there was 

no boundary-related reduction of irrelevant feature priming in this experiment. 

 

Figure 18. Color-position interaction as a function of spatial grouping in depth (occlusion 
only). 
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Discussion 

 The present experiment failed to produce strong boundary behavior.  Although 

there was an overall slowing in the across-boundary condition (possibly due to distraction 

or other interference by the occlusion animation), irrelevant feature priming remained 

strong.  This may indicate that shifts in depth serve as weaker group boundaries than do 

lateral shifts.  However, it may also be that the sense of depth was not sufficiently 

established.  Although the occlusion experience seemed compelling, there was little else 

to distinguish the occluding foreground plane from the background other than motion.  If 

participants were able to ignore the moment of occlusion, there was exiguous evidence 

that one stimulus should be perceived as belonging to a different plane from another.  

Additional cues to enhance the sense of depth and separation between the two planes 

might produce stronger effects. 

 

Experiment 8b: Occlusion with shading 

  The present experiment sought to create a more pronounced sense of depth 

between the two locations by introducing a drop shadow behind the occluding foreground 

rectangle.  Experiment 8b remained identical to Experiment 8a in all other respects. 

Method 

Participants 

 Six University of Texas students participated in the experiment for course credit. 
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Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Circles appeared in either the top or bottom portion of a divided 

vertical rectangle.  Colors were red and blue. 

 The occluding rectangle was a large, unfilled horizontal rectangle with an Adobe 

Photoshop-generated drop shadow off to the lower right side (Figure 19).  This rectangle 

always contained the divided vertical stimulus presentation rectangle, either filled or 

empty. 

 

Figure 19. Occluding rectangle with drop shadow used in Experiment 8b (occlusion with 
shading). 

 

Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was color.  

Position was irrelevant.  Grouping was determined according to whether depth alternated 

(across-boundary) or repeated (within-event).  There were also two unique depths.  

Irrelevant feature priming stimuli always appeared in the center of the screen. 
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A full experiment sequence spanned four trials.  Two trials would occur before 

the appearance of the occluding rectangle.  After the second trial, the occluding rectangle, 

containing an empty stimulus presentation rectangle (that is, the divided rectangle 

containing no circles), would quickly slide upward from the bottom of the screen, 

occluding the previous divided rectangle.  The occluding rectangle would remain 

onscreen for the next two trials, after which it (and its associated divided rectangle) 

would slide downward to reveal the “original” divided rectangle.  This sequence repeated 

throughout the course of the experiment.  Animations had the same duration as within-

event ITIs, 400 ms. 

A full-length block contained 400 trials. 

Results 

Main effects 

 This experiment showed main effects for grouping, F(1,6) = 26.26, p =.002, and 

color repetition, F(1,6) = 14.18, p = .009.  Participants were faster on trials that did not 

follow occlusion animations (within-event) than on those that did (across-boundary).  

They also showed benefits for color repetition. 

Interactions 

 The experiment showed one significant first-order interaction between color 

repetition and position repetition, F(1,6) = 19.60, p =.004.  Consistent with irrelevant 

feature priming, participants showed benefits for pure-repeat and pure-change trials.  

They responded more slowly to trials on which only color or position changed. 
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 A second-order interaction also occurred between color repetition, position 

repetition, and grouping, F(1,6) = 41.12, p = .0007 (Figure 20), indicating a difference in 

the color-position interaction within-events versus across-boundaries.  This is consistent 

with a boundary-related reduction in irrelevant feature priming. 

 There was also a marginal second-order interaction between position repetition, 

grouping, and perceived location, F(1,6) = 4.97, p = .07. 

 

Figure 20. Color-position interaction as a function of spatial grouping in depth (occlusion 
with shading). 

 

Discussion 

 The results of the present experiment were dramatically different from those of 

the preceding version that lacked shading.  There was a significant slowing of reaction 

times in the across-boundary condition.  Although there was evidence of simple 
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repetition priming in the across-boundary condition, irrelevant feature priming seems to 

have been greatly reduced.  This experiment succeeded in eliciting event boundary 

behavior simply by adding a drop shadow to an experiment that did not otherwise show 

the effect.  This demonstrates that visual spatial shifts as event boundaries are not 

restricted to lateral moves, but also operate in depth.  Perhaps more notable is the 

demonstration of the importance of people’s interpretation in temporal grouping 

experiments.  Although all stimuli occurred at the same physical location on the screen, 

the addition of the shadow (at a fairly remote location, no less) was sufficient to bring 

about a remarkable change in boundary behavior when compared with Experiment 8a.  

This experiment suggests that it is the sense of distance between stimuli rather than 

physical distance that drives the effects observed here. 

 

iii. Rotation 

The previous experiments in this series explored continuous and discontinuous 

spatial translations.  They showed that abrupt, discontinuous shifts act as strong 

boundaries, whereas smooth, continuous translations, even with changes in speed and 

direction, do not significantly affect temporal integration.  Both of these types of changes 

would be classified as event boundaries using canonical event segmentation methods.  

The irrelevant feature priming technique for examining temporal grouping appears to be 

responding, therefore, only to a subset of event segmentation boundaries. 

Comparing the successful spatial experiments in Part 2 with successful rhythmic 

experiments in Part 1, what stands out is a strong sense of separation between groups.  
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Abrupt spatial shifts and long rests between brief pulses of trials caused reductions in 

temporal integration, but acceleration and briefer rests did not.  The remaining 

experiments in this section therefore turned attention to another spatial transformation 

that evokes a sense of separation between objects: rotation.  Rotation allows an object’s 

spatial location and identifiable characteristics may be preserved while still evoking a 

sense of distance between distinct orientations.  People have an implicit understanding 

that rotations from one orientation to another involve several intermediate positions, a 

fact that is reflected in mental rotation task data (Finke & Shepard, 1986, pp. 37-25–37-

36).  Because the sense of distance between objects in spatial shift experiments appears to 

have caused a reduction in irrelevant feature priming, it is reasonable to expect that 

distance in orientation might produce similar effects. 

 

Experiments 9a & b: Rotation 

The present experiments involved grouping by orientation.  However, the nature 

of the experiments required a change in the features used for irrelevant feature priming.  

After observing what may have been a positional ambiguity effect in experiments 

involving lateral spatial shifts (Experiments 6a & b), it seemed likely that the rotation of 

stimuli (even within rectangles; see, e.g., Figure 10) might introduce similar problems.  

The simplicity of the original color-position stimuli also gave rise to concerns that 

viewers might not recognize that a tilted rectangle was intended to represent a rotation of 

the original vertical rectangle.  The experiments in this section required a stimulus that 

would be instantly recognized as having been rotated. 
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Feinstein (2006) observed nonspatial interactions between color repetition and 

shape repetition, and between letter repetition and color repetition.  The simple shapes 

employed in Feinstein’s experiments might not be ideal for a rotation task, but letters 

have often been successfully used in mental rotation tasks (Finke & Shepard, 1986).  The 

present experiments probed the strength of temporal integration using stimuli that varied 

on the dimensions of letter shape and color.  These could be easily rotated every two 

trials in order to assess the effects of rotation on irrelevant feature priming.  It should be 

noted, however, that letter-color interactions are weaker than color-position interactions, 

showing strong main effects for color repetition (Feinstein). 

The following experiments investigated rotation boundaries using smaller 

rotations (90º) and then larger rotations (180º).  As in previous experiments, same-

orientation sequences allowed across-boundary conditions to be compared with within-

event conditions. 

 

Experiment 9a: 90º letter rotation 

Method 

Participants 

 Seven University of Texas students participated in the experiment for course 

credit. 

Stimuli 

 Irrelevant feature priming stimuli were capital letters ‘A’ and ‘T’ that varied in 

color and orientation (Figure 21, left).  Colors were red and blue. 
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A  A 

T   
Figure 21. Upright and rotated sample stimuli from 90º rotation experiment (Experiment 
9a; left) and from 180º rotation experiment (Experiment 9b; right). 

 

Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was color.  

Letter was irrelevant.  Grouping was determined according to whether orientation 

alternated (across-boundary) or repeated (within-event).  There were also two unique 

orientations.  Letters appeared at the center of the screen, beginning with an upright 

orientation.  After two trials, letters appeared rotated by 90º (Figure 21, left).  Orientation 

continued to alternate every two trials.  The ITI was 250 ms. 

A full-length block contained 400 trials. 

Results 

Main effects 

 This experiment showed significant main effects for orientation, F(1,6) = 8.07, p 

= .03 and color repetition, F(1,6) = 64.66, p = .0002.  Participants were faster on upright 

orientations and when color repeated. 

Interactions 

 The experiment showed two significant first-order interactions.  An interaction 

occurred between color repetition and letter repetition, F(1,6) = 69.82, p = .0002.  
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Consistent with irrelevant feature priming, participants showed benefits for pure-repeat 

and pure-change trials.  They responded more slowly to trials on which only color or 

letter changed.  The second interaction occurred between color repetition and grouping, 

F(1,6) = 7.21, p = .04.  Participants showed a larger color repetition priming effect on 

within-event trials than on across-boundary trials. 

 There was a second-order interaction between color repetition, letter repetition, 

and orientation, F(1,6) = 6.21, p  = .05 (Figure 22).  Irrelevant feature priming appears to 

have been stronger in the upright condition.  There was no significant second-order 

interaction between color repetition, position repetition, and grouping.  It appears that 

there was no boundary-related reduction of irrelevant feature priming in this experiment. 

 

Figure 22. Color-letter interaction as a function of orientation and rotation grouping 
(90º). 
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Discussion 

This experiment showed notable distinctions between behavior in upright 

conditions versus behavior in rotated conditions.  Participants were significantly faster 

when responding to upright stimuli, and stimulus orientation was also found to interact 

with color repetition and letter repetition even though grouping did not.  These results 

emphasize the complexity introduced by using highly orientation-dependent stimuli such 

as letters.  It may be that 90º rotations so distort letters in the mind of the observer that 

they begin to lose their ability to interfere with color.  However, this ability does not 

appear to have disappeared entirely, as rotated-to-rotated transitions still showed some 

evidence of irrelevant feature priming. 

The analysis of this experiment yielded little evidence that 90º rotations act as 

strong boundaries.  There was no main effect for grouping, and the across-boundary 

condition showed no significant reduction in irrelevant feature priming.  Yet there are 

indications of a possible disruption of priming at upright-to-rotated transitions (see 

Figure 22), but not at rotated-to-upright transitions, an asymmetrical effect.  Although 

this difference was not significant, the trend once again suggests that something beyond 

strictly physical properties plays a contributing role in establishing boundaries.  It also 

suggests that modulation of irrelevant feature priming may be possible using rotation 

boundaries, but that the nature of the rotation used in this experiment was somehow 

inappropriate.  This may have been due to the deterioration of letter effects with 90º 

rotations, as discussed previously; yet the orientation of individual letters has been shown 
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to have only a slight (if any) impact on identification speed (Corballis, Zbrodoff, Shetzer, 

& Butler, 1978; Koriat & Norman, 1989), suggesting that another factor may be at work.  

Rotation magnitude may have also played a role.  If boundary effects are driven by a 

sense of separation between objects, it may be that 90º rotations were of insufficient 

magnitude to generate a strong distance percept. 

 

Experiment 9b: 180º letter rotation 

 Experiment 9b again attempted to elicit boundary behavior in implicit working 

memory using rotation boundaries.  Experiment 9a showed suggestions of boundary 

behavior, but 90º rotations may have been too small to entirely disrupt temporal 

integration.  The present experiment sought to enhance the sense of boundary by 

increasing the magnitude of the orientation difference to 180º. 

Method 

Participants 

 Seven University of Texas students participated in the experiment for course 

credit. 

Stimuli 

 Irrelevant feature priming stimuli were capital letters ‘A’ and ‘T’ that varied in 

color and orientation (Figure 21, right).  Colors were red and blue.  

Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was color.  

Letter was irrelevant.  Grouping was determined according to whether orientation 
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alternated (across-boundary) or repeated (within-event).  There were also two unique 

orientations.  Letters appeared at the center of the screen, beginning with an upright 

orientation.  After two trials, letters appeared rotated by 180º (Figure 21, right).  

Orientation continued to alternate every two trials.  The ITI was 250 ms. 

A full-length block contained 400 trials. 

Results 

Main effects 

 This experiment showed significant main effects for orientation, F(1,11) = 7.48, p 

= .02 and color repetition, F(1,11) = 35.71, p < .0001.  Participants were faster for upright 

orientations and when color repeated. 

Interactions 

 The experiment showed two significant first-order interactions.  An interaction 

occurred between color repetition and letter repetition, F(1,11) = 33.19, p =.0001.  

Consistent with irrelevant feature priming, participants showed benefits for pure-repeat 

and pure-change trials.  They responded more slowly to trials on which only color or 

letter changed.  The second interaction occurred between event grouping condition and 

color repetition, F(1,11) = 14.17, p = .003.  Participants showed a larger color repetition 

priming effect on within-event trials than on across-boundary trials. 

 Unlike the previous experiment using 90º rotations, there was no significant 

interaction between orientation, letter repetition, and color repetition, F(1,11) = .14, p  = 

.71.  However, a second-order interaction did occur between color repetition, letter 

repetition, and grouping, F(1,11) = 17.78, p = .001 (Figure 23), indicating a difference in 
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the color-letter interaction within-events versus across-boundaries.  This is consistent 

with a boundary-related reduction in irrelevant feature priming.   

 

Figure 23. Color-letter interaction as a function of rotation grouping (180º). 

 

Discussion 

Once again, orientation did have some effect on overall speed of responding; 

however, it did not interact with feature repetition or grouping, making the analysis of 

boundary effects more straightforward.  This experiment displayed no overall slowing in 

the across-boundary condition, but irrelevant feature priming was significantly reduced.  

This is consistent with earlier indications that a main effect for grouping may be of 

limited diagnostic use in determining the occurrence of boundaries (see Experiment 5b).  

However, the reduction of irrelevant feature priming (as well as a reduction of simple 
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repetition priming) in the across-boundary condition suggests that 180º rotations do act as 

strong boundaries. 

It appears that the magnitude of rotation does affect the strength of temporal 

grouping.  Large-scale rotations of 180º were sufficient to consistently disrupt irrelevant 

feature priming, whereas 90º rotations were not.  It may be that rotations must achieve a 

certain distance from the previous orientation before they are registered as something 

truly distinct.  Small amounts of positional jitter are to be expected in real-world 

environments and do not necessarily signify important change.  Greater rotations, 

however, might have greater ecological relevance. 

An additional explanation may be that upright and upside-down represent two 

distinct orientation states in perception.  Although all readers will probably have greatest 

exposure to upright text, inverted text may also represent a familiar state, or at least a 

more familiar state than text that is rotated 90º.  Encountering an inverted letter may be 

akin to encountering a new object, rather than simply a rotated version of something seen 

previously. 

 

General discussion 

The experiments in this section began with the premise of testing agreement 

between boundaries established using event segmentation techniques and those 

established using the present irrelevant feature priming technique.  It was quickly 

discovered that what people label as boundaries through explicit procedures and even 

implicitly during passive viewing (as measured by imaging techniques) are not consistent 
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disruptors of priming.  Acceleration, both naturalistic (Experiment 5a) and more radical 

(Experiment 5b), had no effect on the temporal integration of color and position.  Yet 

spatial shifts, another type of simple event boundary, showed a profound ability to disrupt 

irrelevant feature priming both in visual space (Experiments 6a & b) and in auditory 

space (Experiment 7).  Experiments 8a and b on spatial shifts in depth demonstrated that 

a viewer’s interpretation of space within a scene may drive a shift-related collapse of 

priming even when location in the visual field does not change.  A final pair of 

experiments on rotation demonstrated that change magnitude may also play a role in 

whether the spatial transformation of an object acts as a strong boundary in implicit 

working memory. 
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Part 3. The Sense of Separation 

 
The experiments in Parts 1 and 2 painted a seemingly disjointed picture of what 

cues are capable of reducing temporal integration.  This work set out to identify the 

manner in which people create boundaries in temporal flow, and what has been observed 

is a generic disruption of priming using a variety of stimuli and modalities.  Part 2 

depicted spatial location, or possibly objecthood, as the ruling force behind maintained or 

disrupted irrelevant feature priming.  Even though people are able to explicitly segment 

time when an object accelerates, this type of change preserves the sense of spatial and 

object continuity and is not found to noticeably affect temporal integration in implicit 

working memory.  Yet when an object undergoes an abrupt spatial shift, temporal 

integration appears to be severely disrupted.  Rotations behave uniquely, with smaller-

scale 90º rotations producing inconsistent, orientation-dependent behavior, while large-

scale 180º rotations demonstrate consistent disruptions of priming independent of 

orientation.  It appears that the magnitude of the rotation itself may be sufficient to cause 

a distinct change in the processes that govern the reduction of temporal integration. 

 While the aforementioned effects might be resolved by some type of spatial 

location or object novelty explanation, this cannot account for the effects observed in Part 

1.  In these experiments, temporal integration was disrupted quite powerfully using the 

spacing in ongoing rhythmic sequences.  A pair of notes has no spatial dimension, nor is 

it an object.  While the experience of rhythm does certainly involve a partonomy, the 

primary impression produced is of an emergent stream.  This is apparently at odds with 
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any simple explanation of the effects observed in Part 2.  This suggests that the unifying 

principle of these experiments is something more abstract. 

The quality that spatial shifts and rhythmic rests most clearly share is a feeling of 

“making separate.”  The elements of effective temporal groups appear to belong to 

discrete hierarchies, whereas ineffectively grouped elements (such paths before and after 

motion changes) more clearly belong to a single higher hierarchical grouping (in the 

previous example, the overall path of motion).  Elements of separate hierarchies lack the 

perceived unity of those that belong to the same hierarchy.  It appears that implicit 

working memory modulation, then, may be related to this perceived lack of unity.  Rather 

than being reducible to the effect of some simple physical feature, therefore, it appears 

that the boundaries labeled by the present technique emerge from a variety of 

environmental stimuli that the implicit working memory system uses to enact temporal 

grouping solutions.  That this appears to be associated with some feeling for grouping 

suggests that this process may produce some conscious awareness.  Cues that reduce 

irrelevant feature priming may be best predicted, therefore, by a simple sensitivity to the 

temporal grouping process--in other words, by attending to the feeling of separation. 

The sense of separation is abstract and amodal, which allows it to apply broadly 

across a range of stimuli.  Two objects placed apart from one another produce a clear 

sense of spatial separation--a sense of “here” and “there” by which a viewer perceives the 

two locations as disconnected and remote.  The same may be true of an object suddenly 

disappearing and reappearing some distance away, although here the sense of separation 

induced might be less spatial and more dependent upon a perception of the second object 
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as new.  Indeed, the perception of objects as discrete units unto themselves represents 

another type of separation.  Separation also exists in the purely temporal domain, where 

rhythms depend upon the organizing qualities of temporal spacing.  Long gaps of silence 

are particularly effective at marking off one set of notes from another and are often used 

to separate phrases in musical compositions. 

The exact meaning of separation has long been the subject of philosophical 

debate.  Yet it is a powerful concept that has distinct meanings in perception.  Although 

separation is a kind of change or difference, it refers more specifically to a lack of unity.  

Separation requires a sense of disconnection and insularity.  People would rarely describe 

color shifts as evoking a strong sense of separation, which is unsurprising, as a single 

object may occasionally change color; yet if those colors were perceived as indicating 

different objects, a sense of separation would more likely be evoked.  The sense of 

separation may also be linked with change magnitude.  In the case of rotation (as in 

Experiments 9a & b), an object jittered by a few degrees might still be perceived as fairly 

similar to the original object (with good reason, as objects in the physical world may 

frequently undergo slight, meaningless perturbation).  The larger the change, however, 

the greater the chance is that the change represents something distinct and novel, such as 

the appearance of a similar but new object (object separation), or some deliberate 

manipulation of the original object (separation in intentionality).  A sense of separation 

would be more justified in the large-change case. 

 Several of the preceding experiments have involved some degree of interpretation 

or expectation.  In addition to effects that may be based on people’s assumptions about 
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rotation magnitude in Part 2, the sense of rhythm manipulated in Part 1 existed entirely in 

the mind of the perceiver.  Additionally, Experiments 8a and 8b on separation in depth 

illustrated the importance of people’s judgments about space in the absence of absolute 

unambiguous cues.  It appears that the implicit working memory system utilizes 

environmental information to determine what belongs together and what is separate, but 

that this process is cooperative. 

 A strong sense of separation appears to be the single best predictor for reductions 

of irrelevant feature priming in the present work.  With this in mind, the most accurate 

possible understanding of the meter seems to be simply this: as an objective and implicit 

way to monitor people’s sense of connection and separation as it unfolds in real time.  

This was further tested by applying the irrelevant feature priming meter in experiences 

involving additional cues that produce a strong feeling of separation.  This was 

approached in two ways: by using auditory grouping cues, and also by employing more 

conceptually driven examples of separation. 

 

EXPERIMENTS: Separation 

 
General method 

 Experiments in this section largely followed the general method described 

in Parts 1 and 2. 
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General analysis 

Experiments in this section followed the general analysis procedures described in 

Part 1. 

 

i. Auditory streams 

The first set of experiments in Part 3 attempted to extend previous findings to 

other cues that evoke a strong sense separation.  However, visual stimuli appear to be 

somewhat limited for this purpose, perhaps because of the strength of spatial and object-

based separation in this modality.  Having extensively explored the spatial separation of 

objects in Part 2, it becomes challenging to identify additional visual separation cues that 

might function equally strongly, particularly in the temporal dimension.  This may be due 

to the physical nature of the light energy people perceive.  The majority of perceived light 

is continuously reflected off of surfaces in the environment.  Because information is 

received from all objects in the visual field more or less simultaneously, a great deal of 

object perception and visual grouping may be accomplished atemporally.  Additionally, 

because light rarely travels through objects, location is a fairly strong and immediate 

indicator of object identity. 

The auditory modality is notably different.  Sound is both ambiguous and fleeting, 

so listeners must take advantage of every possible source of information.  Location is 

only somewhat helpful for this purpose.  Whereas light is reflected off of objects and 

travels in a direct path to the eye (or is blocked by intervening objects), sound pressure 
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waves are more transparent, with several signals often being combined in the waveform 

that is ultimately transmitted to the cochlea.  Localization of sounds is minimal until 

information from the two ears is combined at the superior colliculus, and even when it is, 

there exist natural “cones of confusion” where the exact direction of objects cannot be 

determined purely based on interaural timing or intensity differences.  These sources of 

location ambiguity are further compounded by issues such as echo and sound’s ability to 

travel around objects (Bregman, 1990, p. 83).  Perhaps because of this, perceived 

auditory location does not appear to be the strong identity cue that visual location is. 

Sound also differs from light in the means by which it is generated.  Reflected 

light carries information about the surface properties of numerous objects in the 

environment.  Sound, by contrast, generally carries greater information about the single 

event that produced it than about the objects that reflect it, but this relationship is 

complex.  Many sounds are meaningful in ways not directly related to the physical events 

that generated them.  Human voices, for instance, inform listeners about the age and 

gender of speakers but leave most people largely ignorant of their physical cause: the 

vibration of vocal folds filtered through the vocal tract.  The process of segregating an 

ongoing flow of variable sound pressure waves may therefore benefit from attention to 

numerous cues.  It is because of this multifaceted approach that people are able to follow 

a speaker’s voice in a crowded room, or to pick out separate instruments in a song, even 

though multiple sounds might be coming from roughly the same direction. 

Albert Bregman (1990) compiled a collection of features that guide the grouping 

of sounds into units, which he calls auditory streams (p. 10).  Although location was one 
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of these, grouping also occurred using other qualities such as pitch, timbre, “noisiness,” 

and continuity (pp. 73-143).  Bregman argued that location is not an especially strong 

grouping cue in the auditory modality, offering as evidence cases in which location cues 

were overwhelmed by other grouping cues (pp. 82-83).  This suggests that people may 

perceive separation using a wider variety of cues in the auditory modality than in the 

visual modality.  If the reduction of irrelevant feature priming at event boundaries is 

related to people’s sense of separation, then it may be possible to evoke boundary 

behavior using the same characteristics that are known to influence the perception of 

distinct auditory streams. 

 The first set of experiments in Part 3 examined the modulation of temporal 

integration in the auditory modality.  Experiment 7 on auditory spatial shifts (Part 2) 

already demonstrated strong boundary effects using one of Bregman’s auditory grouping 

cues.  The experiments in the present section examined temporal grouping using two 

additional sound qualities that have been shown to produce auditory stream segregation: 

pitch and timbre.  Although pitch, like location, has a spatial component, timbre does not.   

Reductions of priming at boundaries based on timbre would demonstrate that grouping is 

not merely a property of spatial mapping.  Though not explicitly spatial, timbre may be 

highly unique and is a potent indicator of sound source identity. 

 

Experiment 10: Pitch 

 Pitch is one of the auditory grouping cues discussed by Bregman (1990).  He 

noted that differences in frequency may cause people to perceive alternating tones as two 
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separate streams, provided their pitches are sufficiently different (pp. 29-30).  The 

question of grouping by pitch becomes more complicated as stimuli move from pure 

tones to more complex sounds, but even in this case there is considerable evidence that 

differences in pitch contribute to stream segregation (pp. 83-92). 

With its strong stream-segregating capabilities, pitch seemed a likely candidate 

for the disruption of irrelevant feature priming.  In addition to the aforementioned 

evidence from auditory scene analysis, pitch has extensive similarities to spatial position, 

another successful grouping feature (Part 2).  Like spatial position, pitch has a maplike 

representation in the nervous system (Bregman, 1990, p. 74) that may give rise to its 

sense of contour.  Also, people have long been known to have synesthetic associations 

between pitch height and spatial height (Pratt, 1930). 

Experiment 10 probed the strength of irrelevant feature priming throughout a 

sequence that contained frequent pitch changes.  According to auditory scene analysis 

research, the onset of a tone with a significantly different pitch should establish a new 

auditory stream.  If the reduction of irrelevant feature priming is driven by the perception 

of separation, then priming should be reduced at points where pitches alternate. 

Because of potential confounds when using the pitches of complex tones, 

Experiment 10 used pure tones separated by one octave as stimuli.  Although previously 

untested, loudness and location (i.e., ear) were found to demonstrate irrelevant feature 

priming.  Event grouping was accomplished by alternating the pitches of tones every two 

trials. 
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Method 

Participants 

 Nine University of Texas students participated in the experiment for course credit.  

Stimuli 

 Stimuli were 250-ms tones that varied in frequency (the grouping variable), 

intensity, and location.  Pitches included musical notes C5 (523.25 Hz) and C6 (1046.50 

Hz).  Intensity levels were 70 and 72 dB (labeled “soft” and “loud” for participants).  

Tones could be presented to either the left or right ear. 

Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was loudness.  

Location was irrelevant.  Grouping was determined according to whether pitch alternated 

(across-boundary) or repeated (within-event).  There were also two unique pitches.  Pitch 

switched every two trials, and the experiment had an ITI of 600 ms. 

A full-length block contained 400 trials. 

Results 

Main effects 

 The experiment showed three main effects.  Participants responded faster to high-

pitched tones than to low, F(1,8) = 20.64, p  = .002.  They also showed benefits on 

within-event (i.e., within-pitch) trials, F(1,8) = 20.11, p = .002, and on trials where ear 

was repeated, F(1,8) = 12.13, p = .008. 
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Interactions 

 There were two significant first-order interactions.  An interaction occurred 

between loudness repetition and ear repetition, F(1,8) = 46.33, p =.0001.  Consistent with 

irrelevant feature priming, participants showed benefits for pure-repeat trials, although 

benefits for pure-change trials were minimal.  They responded more slowly to trials on 

which only loudness or ear changed.  The remaining first-order interaction occurred 

between loudness repetition and grouping, F(1,8) = 32.48, p = .0005.  Participants were 

slower on across-boundary trials where loudness repeated, but this trend was reversed on 

within-event trials, producing a pattern that resembled weak irrelevant feature priming for 

loudness repetition and pitch repetition.  In addition to these two interactions, there was 

also a marginal interaction between ear repetition and grouping, F(1,8) = 4.96, p = .06, 

with participants showing greater ear repetition effects in the within-event condition. 

 There was one second-order interaction between loudness repetition, ear 

repetition, and grouping, F(1,8) = 7.75, p = .02, indicating a difference in the loudness-

ear interaction within-events versus across-boundaries (Figure 24).  This is consistent 

with a boundary-related reduction in irrelevant feature priming. 
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Figure 24. Loudness-ear interaction as a function of pitch grouping. 
 

Discussion 

 Experiment 10 demonstrated significant reduction of irrelevant feature priming in 

the across-boundary condition, as well as the overall slowing that often accompanies it.  

Simple repetition priming was not reduced but reversed, as in previous auditory 

experiments (Experiment 7).  This will be further discussed in Part 4.  Despite this 

somewhat atypical effect, Experiment 10 shows that shifts in pitch, like spatial shifts, are 

capable of disrupting irrelevant feature priming.  Because pitch is one of the cues that 

allow people to segregate auditory streams, this experiment offers further evidence that 

reductions in irrelevant feature priming may be associated with experiences that produce 

a strong sense of separation. 
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Experiment 11: Timbre 

 Like location and pitch, timbre has also been identified as a sound feature that 

influences the way people segregate auditory input.  Timbre is notoriously difficult to 

define; however, enhanced auditory grouping based on timbre has been reported using 

sound qualities ranging from the very artificial (e.g., combinations of small numbers of 

pure tones; Bregman, 1990, pp. 84-86) to the natural (often musical instruments; p. 94).  

Timbre is a strong grouping cue that may even overwhelm pitch (pp. 84-86).  Because it 

has no overtly spatial component, it represents a divergence from the majority of the 

temporal grouping cues so far discovered to disrupt irrelevant feature priming (the 

exception being rhythmic grouping; Part 1).  If it is found to disrupt priming, it will 

provide additional evidence that it is a general sense of separation, rather than specifically 

spatial separation, that drives the observed boundary effects. 

 This experiment was similar to those on auditory spatial shifts (Experiment 7) and 

changes in pitch (Experiment 10).  Timbre alternated between piano and trumpet every 

two trials. 

Method 

Participants 

 Nine University of Texas students participated in the experiment for course credit 

or for $10.  
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Stimuli 

 Stimuli were 250-ms tones that varied in frequency (the grouping variable), 

intensity, and location.  Pitches included musical notes B2 (123.47 Hz) and C3 (130.81 

Hz).  Intensity levels were 70 and 72 dB (labeled “soft” and “loud” for participants).  

Timbres used were piano and trumpet.  Audio files were high-quality recordings of real 

instruments. 

Design 

This experiment had a 2 × 2 × 2 × 2 design.  The relevant feature was loudness.  

Pitch was irrelevant.  Grouping was determined according to whether timbre alternated 

(across-boundary) or repeated (within-event).  There were also two unique timbres.  

Timbre switched every two trials, and the experiment had an ITI of 600 ms. 

A full-length block contained 400 trials. 

Results 

Main effects 

 The experiment showed three main effects.  Participants responded faster to 

trumpet notes than to those played on the piano, F(1,8) = 13.76, p  = .006.  They also 

showed benefits on within-event (i.e., within-timbre) trials, F(1,8) = 30.08, p = .0006, 

and on trials where pitch was repeated, F(1,8) = 17.18, p = .003. 

 There was also a marginal effect for loudness repetition, F(1,8) = 4.35, p = .07.  

Participants were faster when loudness repeated. 
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Interactions 

 There were four significant first-order interactions.  An interaction occurred 

between loudness repetition and pitch repetition, F(1,8) = 6.49, p =.03.  Consistent with 

irrelevant feature priming, participants showed benefits for pure-repeat trials, although 

there appeared to be no benefits for pure-change trials.  Another first-order interaction 

occurred between timbre and grouping, F(1,8) = 6.46, p = .03.  Participants showed 

greater benefits responding to trumpet in the within-event condition.  A similar 

interaction occurred between pitch repetition and grouping, F(1,8) = 11.69, p = .009, with 

participants showing greater benefits for pitch repetition in the within-event condition.  

There was also a crossed interaction between loudness repetition and grouping, F(1,8) = 

94.54, p < .0001.  Participants were fastest on within-event trials (i.e., trials where timbre 

repeated) where loudness repeated, also showing benefits on across-boundary trials 

where loudness alternated.  This strongly resembles the pattern observed in irrelevant 

feature priming. 

 There was one second-order interaction between loudness repetition, pitch 

repetition, and grouping, F(1,8) = 9.15, p = .02, indicating a difference in the loudness-

pitch interaction within-events versus across-boundaries (Figure 25).  This is consistent 

with a boundary-related reduction in irrelevant feature priming. 
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Figure 25.  Loudness-pitch interaction as a function of grouping by timbre. 

 

Discussion 

 This experiment showed a clear disruption of irrelevant feature priming in the 

across-boundary condition.  This was accompanied by a characteristic overall slowing in 

this condition.  However, as in previous auditory experiments, relevant feature priming 

was once again reversed, with participants responding faster in conditions where loudness 

changed. 

 Although the across-boundary condition shows effects that are similar to those 

observed previously, the within-event condition looks considerably different.  Repetition 

of the irrelevant feature appears to have had no influence when loudness alternated, and 

unlike previous experiments, there appears to have been a pronounced overall loudness 

repetition benefit.  It seems unlikely that this is simply a result of the features used, as 
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loudness and pitch have produced fairly strong crosses in previous experiments 

(Experiment 7).  It seems more likely that this is another case of stimulus ambiguity 

effects.  Experiments 6a and 6b on lateral spatial shifts demonstrated that positional 

ambiguity may produce strong repetition effects in event conditions.  It may be that by 

combining so many features within a single stimulus tone, participants lost the strong 

sense of feature alignment normally present in irrelevant feature priming tasks.  It has 

already been observed that timbre may overwhelm pitch in auditory stream segregation 

(Bregman, 1990, pp. 84-86).  Rather than four tones (loudness × pitch) separated into 

groups by timbre, participants may have perceived eight tones (loudness × pitch × 

timbre).  This does not mean that they did not still group tones according to timbre 

(indeed, evidence from the across-boundary condition suggests that they did), but it may 

have weakened irrelevant feature priming effects. 

 It should be noted, however, that despite this weakening, the irrelevant feature 

still clearly interacted with the relevant feature.  More importantly, this interaction was 

entirely extinguished in the across-boundary condition, indicating that timbre most likely 

functions as a strong boundary.  This result, along with that of Experiment 10 on 

grouping by pitch, demonstrates that features which produce separation in auditory 

perception also reduce irrelevant feature priming, as predicted.  Nevertheless, in the case 

of the present experiment, it is possible that the use of a non-integral feature such as 

location (as in Experiment 10) might have resulted in less stimulus ambiguity and, 

consequently, clearer results. 
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ii. Non-featural separation 

  Temporal grouping experiments involving physical space (Part 2) and auditory 

grouping cues (previous section) have led to a focus on separation in stimulus features as 

a modulator of temporal integration.  Yet separation at higher conceptual levels might 

also be capable of influencing this memory system.  Conceptual separation requires an 

understanding of some aspect of the task at a more abstract level.  Experiments 8a and b 

on depth (and arguably 9a and b, involving letter rotations, and rhythm experiments in 

Part 1) have already demonstrated that people’s interpretations of a scene may powerfully 

influence grouping.  Nevertheless, the forms of temporal grouping examined in the 

previous experiments have so far relied primarily upon the use of simple physical events. 

 It is not the purpose of the present work to exhaustively examine the behavior of 

implicit working memory using all types of conceptual event boundaries.  However, in 

order to establish that a more conceptually driven sense of separation may also act to 

modulate temporal integration strength, irrelevant feature priming strength was assessed 

at a small number of varied and compelling potential boundaries that moved beyond 

simple stimulus features and timing changes.  These included a switch between objects in 

a shape-tracing animation, as well as an imagined spatial shift guided by complex 

auditory environments. 

 

Experiment 12: Shape-tracing 

 When people explicitly segment sequences of actions, one of the elements that 

guides the segmentation process is the goals and intentions of actors.  Memory is 
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enhanced at locations in sequences that correspond with completed tasks (Baird et al., 

2000, as cited in Baird & Baldwin, 2001), and knowledge of intentionality changes the 

way people segment scenes (Zacks, 2004).  People have shown sensitivity to goal-based 

boundaries even when the “actors” in the film are abstract geometric shapes (Thibadeau, 

1986).  This demonstrates that goal completion boundaries have salience even when 

participants are viewing extremely simple stimuli.  Because irrelevant feature priming 

depends upon the use of simple object features, this last finding has particular relevance 

for the present work. 

 Experiment 12 used what might be construed as a simple form of goal-directed 

action to show reductions of priming at points where one “goal” was completed and 

another was begun.  The so-called goals used in this experiment were the complete 

tracing of two large geometric shapes by a smaller moving stimulus.  The benefit of this 

design was that it allowed the stimulus to move continuously while still performing two 

unique actions. 

 Outlines have special significance for figure perception.  When an object is 

assigned as the figure in a figure-ground relationship, it becomes the owner of the 

boundary (Baylis & Driver, 1995).  Parts are defined based on this ownership, and it 

becomes difficult for viewers to recognize symmetry and repetition of this boundary with 

the edges of non-figures (Driver & Baylis, 1995).  It seems that people are unable to 

perceive a figure boundary without perceiving the entire figure to which it belongs 

(Driver & Baylis).  Whether related to the completion of a goal, or simply to a shift in the 

sense of belonging, the transition from tracing one boundary to tracing another may 
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involve a greater conceptual shift than might at first be apparent.  Experiment 12 tested 

whether this shift is sufficient to reduce irrelevant feature priming. 

Method 

Participants 

 Seventeen University of Texas students participated for course credit. 

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Colors were red and blue.  Positions were high and low.  A large gray 

equilateral triangle and square were used for shape-tracing.  

Design 

This experiment had a 2 × 2 × 7 design.  The relevant feature was color.  Position 

was irrelevant.  Grouping status was determined by the position of trials within the 

sequence and will be discussed after the trial sequence is explained.  There were two 

across-boundary conditions (trials where the traced shape alternated) and five within-

event conditions (trials where the traced shape remained the same). 

The experiment featured two large shapes, an equilateral triangle and a square, 

which were traced by the smaller boxed irrelevant feature priming stimulus.  These 

shapes were shown in gray onscreen while they were actively being traced, and they 

disappeared when not in use (Figure 26).  Stimulus onsets occurred at each vertex of the 

two large shapes; thus there were three onsets for the triangle and four for the square, for 

a total of seven in each sequence.  The smaller stimulus remained in constant motion 

around the two shapes; once a response was selected, the colored circle disappeared while 
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the empty box continued to move toward the next stimulus onset point.  The stimulus 

moved in a counterclockwise direction around the triangle, then in a clockwise direction 

around the square.  This sequence repeated throughout the course of the experiment.  

Timing between stimuli was fixed at 1500 ms, and participants hardly ever missed a 

response deadline. 

Across-boundary conditions occurred on trials 1 and 4, when square shifted to 

triangle (trial 1), or when triangle shifted to square (trial 4).  During all other trials, the 

stimulus was consistently tracing the same object (within-event), either the triangle (trials 

2 and 3) or the square (trials 5-7). 

A full-length block contained 420 trials. 

 
Figure 26. Trial sequence for shape-tracing experiment.  Black hexagons indicate trial 
onset points.  Gray triangle was visible for trials 1-3 of full sequence, then disappeared 
and was replaced by a gray square (in the position outlined) for trials 4-7.  Stimuli are not 
to scale. 
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Results 

Main effects 

 The experiment showed main effects for sequence position, F(6,96) = 9.82, p < 

.0001.  Participants appeared to be slower overall on the first trial of a new shape.  Tukey 

post-hoc comparisons of the seven points of the sequence indicated that the two shape 

transition trials were significantly slower than all other trials, p < .05. 

 There was also a main effect for position repetition (the irrelevant feature), 

F(1,16) = 12.16, p = .003.  Participants were faster when position repeated than when it 

alternated. 

Interactions 

 One first-order interaction occurred between color repetition and position 

repetition, F(1,16) = 8.21, p =.01.  Consistent with irrelevant feature priming, participants 

responded fastest to pure-repeat and pure-change trials.  They responded more slowly to 

trials on which only color or position changed. 

 There was also a second-order interaction between color repetition, position 

repetition, and sequence position, F(6,96) = 2.18, p = .05, indicating a difference in the 

color-position interaction at some position, or positions, in the sequence (Figure 27).  

This is consistent with an event-related disruption in irrelevant feature priming.  

However, due to the number of sequence positions, some way was needed to compare 

priming strength across all seven conditions to determine where priming was most 

reduced.  An irrelevant feature priming strength statistic was developed for this purpose. 
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Figure 27. Color-position interaction as a function of position in shape-tracing sequence. 

 

Irrelevant feature priming strength 

While the ANOVA showed that the strength of interactions was different in 

within-event vs. across-boundary conditions, it could not be used to easily compare the 

strength of priming across conditions.  This is an issue in long sequences where the 

number of conditions increases beyond the simple “within-event” and “across-boundary” 

distinction.  Some method of comparison is required.  Because of this, a separate statistic 

was created to quantify the strength of irrelevant feature priming.  The statistic is a simple 

subtraction of the “slopes” (or rather, the signed differences) of the two lines that form 

the irrelevant feature priming cross:  

(mrelevant≠/irrelevant= – mrelevant=/irrelevant=) – (mrelevant≠/irrelevant≠ – mrelevant=/irrelevant≠). 
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 The values used are the standardized means.  In a perfectly symmetrical cross, 

slopes would be identical in magnitude but opposite in sign, resulting in a value that is 

positive and distant from 0.  The perfect absence of a cross, by contrast, would occur 

when two slopes were identical.  Subtraction of these values would yield a value of 0.  

Using this statistic, then, a value close to 0 would indicate an absence of irrelevant 

feature priming.  Positive values would indicate that irrelevant feature priming is present.  

Negative values would indicate that irrelevant feature priming has somehow been 

upended, with people responding fastest to stimuli that repeat one feature and alternate 

another, and would consequently be exceedingly rare (if observed at all). 

An additional benefit of using this statistic is that its natural variability may be 

estimated using resampling techniques.  For the purposes of this study, the variability of 

the irrelevant feature priming strength statistic was estimated using the following method.  

After removing outliers, participants’ reaction times were sorted by condition and 

resampled n times (where n is the original number of observations in that condition).  

Means were calculated for each condition and used to calculate the irrelevant feature 

priming strength statistic according to the method outlined previously.  This resulted in a 

unique priming strength statistic for each point in the event sequence for each participant.  

Participants’ means were averaged to obtain mean values for the sequence at the 

experiment level.  This was repeated 10,000 times to create a distribution of priming 

strengths at each point. 

The priming strength means for all seven sequence positions in the present 

experiment may be seen in Figure 28.  Values are reported in Table 1.  It is immediately 
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apparent that the sequence positions with the weakest priming were the two across-

boundary conditions.  Their mean values are close to 0 (in fact, slightly negative), 

whereas the remaining conditions have more positive values.  Taken alongside the results 

of the ANOVA, this is evidence that irrelevant feature priming was most disrupted at 

shape-tracing boundaries.  Even without the use of this statistic, however, priming is 

clearly disrupted most strongly at the two points out of seven where it would be predicted 

according to the present theory. 

 
Figure 28. Priming strength as a function of sequence position in shape-tracing 
experiment (with 95% confidence intervals).  Across-boundary conditions are sequence 
positions 1 and 4. 
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Sequence 
position Shape Grouping Priming 

strength 95% Confidence interval 

1 Across -.079 -.315-.156 
2 Within .360 .119-.601 
3 

Triangle 
Within .281 .042-.520 

4 Across -.115 -.359-.123 
5 Within .191 -.043-.420 
6 Within .422 .181-.660 
7 

Square 

Within .299 .055-.542 

Table 1. Priming strength values for shape-tracing experiment. 

 

Discussion 

 The two across-boundary conditions in Experiment 12 showed two of the effects 

that have come to be associated with strong event boundaries.  There was an overall 

slowing in these conditions, and there was evidence that irrelevant feature priming was 

significantly reduced as well.  However, there was also a reversal of repetition priming.  

In both across-boundary conditions, participants were actually faster when color did not 

repeat.  Similar effects have been observed previously in auditory Experiments 7, 10, and 

11 and will be further discussed in Part 4. 

 Priming appears to be strongly crossed in all within-event conditions with the 

exception of the condition that immediately followed the triangle-to-square transition 

(sequence position 5).  The irrelevant feature priming strength statistic showed that this 

condition had strength somewhere between the two across-boundary conditions and the 

remaining within-event conditions.  It is possible that this condition was demonstrating a 

holdover effect from the previous across-boundary condition. 
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 Experiment 12 showed significant disruption of irrelevant feature priming at the 

predicted boundaries where shape-tracing shifted from one object to another.  This 

boundary may have resulted from sensitivity to the goal structure of the task, but it seems 

more likely that was a general consequence of boundary ownership properties.  In either 

case, the tracing stimulus undergoes a distinct separation, either in task, or in belonging.  

It appears that reductions in temporal integration may occur as a consequence of more 

conceptually driven senses of separation. 

 

Experiment 13: Realistic context shift 

 The final experiment drew upon familiar spatial shift boundaries for inspiration.  

However, rather than relying upon simple dimensional shifts, it attempted to create the 

sense of a radical shift in the environment purely through the use of ambient cues.  It was 

thought that this might create a strong sense of separation in space despite the fact that 

the irrelevant feature priming stimuli undergo little change between trials.  This was 

tested by immersing participants in distinctive, realistic contexts and observing the 

strength of irrelevant feature priming when those contexts shifted. 

In the present experiment, three cues were combined in an attempt to create strong 

impressions of highly distinct contexts.  The most potent cue was surround-sound audio 

recordings in conceptually and sonically diverse environments.  However, it was also 

important that participants perceived the experimental stimuli (in this case visual) as 

belonging to the contexts in question (see discussion in Experiment 1).  In order to 

enhance this impression, each context had an associated light or dark background color.  
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Stimuli were also lightly shaded according to the context.  Auditory and visual changes 

occurred simultaneously upon context shift. 

 What this experiment sacrificed in precise control it made up for in 

meaningfulness.  It was hoped that the visual and auditory context manipulations 

(particularly in conjunction) would be significantly more evocative of actual 

environments than simpler changes, and the simultaneous onset should result in a sense 

of cohesion across modalities.  If effective, the experiment should produce an impression 

similar to that of cuts between scenes in a film, with reductions in priming at these points. 

Method 

Participants 

 Eight University of Texas students participated in the experiment for course credit 

or $10.  

Stimuli 

 Irrelevant feature priming stimuli were circles that varied on the dimensions of 

color and position.  Circles appeared in either the top or bottom portion of a divided 

vertical rectangle.  Colors were red and blue.  Background colors were light and dark 

gray.  In the dark context, the stimulus was lightly shaded. 

High-quality, realistic surround-sound recordings of audio environments (heavy 

rain and the interior of a clock shop) were associated with the two contexts.  These were 

obtained from an audio file database. 
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Design 

This experiment had a 2 × 2 × 2 × 4 design.  The relevant feature was color.  

Position was irrelevant.  There were two contexts, and each context contained a sequence 

of four trials (one across-boundary condition and three within-event conditions). 

Irrelevant feature priming stimuli appeared centered on a colored background 

while the associated audio recording was played via headphones.  Because the shift of 

context was somewhat jarring, the experiment allowed participants ample time to settle 

into each context by including four trials between shifts.  After four trials, the auditory 

context, background color, and stimulus lighting simultaneously alternated to those 

associated with the second context for another four trials.  This repeated throughout the 

course of the experiment.  The ITI was 250 ms. 

A full-length block contained 400 trials. 

Results 

Main effects 

 The experiment showed main effects for context, F(1,7) = 8.58, p = .02, as well as 

for color repetition, F(1,7) = 69.93, p  = < .0001.  Participants were faster in the “heavy 

rain” context.  They were also faster when color repeated. 

 A marginal main effect occurred for position repetition, F(1,7) = 5.09, p = .06.  

Participants were faster when position repeated than when it alternated. 
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Interactions 

 Two first-order interactions occurred.  One first-order interaction occurred 

between color repetition and position repetition, F(1,7) = 203.34, p < .0001.  Consistent 

with irrelevant feature priming, participants responded fastest to pure-repeat and pure-

change trials.  They responded more slowly to trials on which only color or position 

changed.  A second first-order interaction occurred between color repetition and sequence 

position, F(3,21) = 7.64, p = .001.  There appears to have been less color priming in the 

first (across-boundary) position of the sequence. 

 There were also two second-order interactions.  The first second-order interaction 

occurred between color repetition, context, and sequence position, F(3,21) = 4.06, p = 

.02, indicating a difference in the interaction between color repetition and context at one 

or more points in the sequence.  Another second-order interaction was observed between 

color repetition, position repetition, and sequence position, F(3,21) = 3.97, p = .02, 

indicating a difference in the color-position interaction at some position, or positions, in 

the sequence (Figure 29).  Although this is consistent with an event-related disruption in 

irrelevant feature priming, the interaction appears fairly strong in the across-boundary 

position.  This was subsequently assessed using the irrelevant feature priming strength 

statistic. 



 125 

 

Figure 29. Color-position interaction as a function of position within context. 

 

Irrelevant feature priming strength 

The irrelevant feature priming strength statistic described previously (Experiment 

12) was once again used to assess the outcome of the present experiment.  The priming 

strength distributions for all four sequence positions may be seen in Figure 30.  Means 

and confidence intervals are reported in Table 2.  Unlike Experiment 12, all conditions 

were strongly positive, including the across-boundary condition (sequence position 1).  

Although irrelevant feature priming did change throughout the course of the sequence, 

there is no evidence that priming was significantly disrupted in any condition. 
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Figure 30. Priming strength as a function of sequence position in context experiment 
(with 95% confidence intervals).  Across-boundary condition is sequence position 1. 

 

Sequence 
position Grouping Priming 

strength 95% Confidence interval 

1 Across .453 .196-.707 
2 Within .709 .463-.954 
3 Within 1.092 .835-1.346 
4 Within .734 .486-.990 

Table 2. Priming strength values for context experiment. 

 

Discussion 

 The present experiment showed none of the features associated with strong 

boundaries.  It seems likely either that the sense of separation was insufficiently 

established by the context manipulations, or that the priming task failed to be sufficiently 
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embedded within the experience.  Although care was taken to produce compelling 

context experiences, this result is not entirely unexpected, as it would be very difficult to 

create a sense of separation in a stimulus that that undergoes so little physical change 

(although this was observed in Experiment 12). 

 Despite the lack of boundaries, this experiment does once again demonstrate one 

of the great values of this technique.  Using this method, it is possible to clearly establish 

when a boundary is being experienced, but also when it is not.  This is especially useful 

in complicated experiences such as this one, where changes in stimuli and temporal group 

boundaries may potentially be confused.  The irrelevant feature priming technique plainly 

distinguishes one from the other. 

 Although there was no major reduction in irrelevant feature priming, the 

experiment did show some variability in patterns of priming across sequence positions.  

This was primarily manifested as changes in the “slope” of the irrelevant-feature-

different line.  This suggests that the grouping behavior of implicit working memory may 

go beyond a simple binary across-within distinction, perhaps producing different levels of 

integration at various points interior to events.  This may prove to be a promising area for 

future research. 

 

General discussion 

The experiments in this section attempted to demonstrate boundary behavior in 

contexts that evoked a strong sense of separation.  Auditory stream segregation cues 

proved to be effective temporal group boundaries, with reductions in priming in trials 
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where shifts in pitch (Experiment 10) and timbre (Experiment 11) occurred.  However, 

irrelevant feature priming was never strongly established in Experiment 11, which 

slightly weakens this result.  More conceptually driven senses of separation were also 

examined.  Although irrelevant feature priming was not reduced using realistic context 

shifts (Experiment 13), a shape-tracing task (Experiment 12) showed strong reductions 

when tracing switched from one shape to another.  The results from these experiments 

serve to further diversify the conditions under which boundary behavior has been shown 

to occur.  This is compelling evidence that reductions in irrelevant feature priming may 

be best predicted by an abstract sense of separation independent of modality and stimulus 

type.  Indeed, there is little beyond this explanation that sufficiently accounts for similar 

effects using rhythmic rests, spatial shifts, rotations, and now, auditory stream 

segmentation cues, as well as purely conceptual boundaries.  The present technique 

appears to be an effective means by which to probe people’s sense of connection and 

separation. 
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Part 4. Discussion and Conclusion 

  

Summary of results 

The experiments measured the strength of irrelevant feature priming across 

boundaries and within events.  It was predicted that priming, drawing upon the same 

integrative default functioning of implicit working memory that creates temporal 

grouping, would be reduced when it occurred across boundaries.  The original experiment 

used musical rests as temporal boundaries.  Trials were presented rhythmically, with long 

gaps occurring before every other trial.  As predicted, priming was reduced at rest 

boundaries.  Additional experiments showed that presentation of rests must be rhythmic, 

and that rests must exceed 250 ms in duration in order to reduce priming.  Also, triplet 

rhythms appeared to possibly have weaker rest boundaries than couplet rhythms. 

Following the experiments on rhythm, guidance was drawn from event 

segmentation literature in developing experiments to test additional potential boundaries.  

Event segmentation is a body of research that studies the way people segment scenes in 

time.  Event segmentation tasks are largely explicit, but imaging studies have shown that 

marked boundaries appear to correspond to some implicit neural activity as well.  One 

category of events studied in the event segmentation literature, simple physical events, 

was thought to be most relevant for the current task.  Because acceleration and spatial 

shifts were among the most commonly observed boundaries in simple physical event 

segmentation, they were selected as potential boundaries in the next set of experiments. 
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While acceleration did not act as a strong boundary, spatial shifts consistently did.  

This was true for lateral spatial shifts, auditory spatial shifts, and even shifts in depth 

signaled by occlusion with shading cues.  A final pair of spatially based experiments was 

conducted using rotations as boundaries.  While 90º rotations failed to act as strong 

boundaries, 180º rotations resulted in significant reductions in priming, suggesting that 

change magnitude may influence boundary behavior. 

The experiments on rhythm, spatial shifts, and rotations suggested that strong 

boundary effects are predicted by experiences that produce a strong sense of separation.  

This was tested using auditory grouping cues, as well as experiences of separation that 

were more conceptual in nature.  Separation by pitch acted as a strong boundary, which 

also appeared to be the case using timbre.  However, timbre effects were less certain due 

to a failure to produce strongly crossed irrelevant feature priming in the within-event 

condition. 

Primarily conceptual senses of separation proved to be difficult to create.  

Immersive context shifts failed to act as strong boundaries.  However, an experiment on 

shape-tracing was more successful.  Participant data showed that switching shapes 

selectively reduced priming in stimulus motion that was otherwise perceived as 

continuous.  This appears to have resulted from separation either in goal structure or 

boundary ownership. 
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Patterns of priming 

 Over the course of the preceding experiments, a clearer picture of the behavior of 

implicit working memory in the presence of temporal boundaries has gradually emerged.  

Certain types of strong boundaries do reduce the strength of irrelevant feature priming.  

This is sometimes accompanied by reductions of simple repetition priming as well; 

however, this is not as systematic.  More common is a general slowing of reaction times 

in across-boundary conditions; yet there still exist cases in which nonboundaries produce 

slowing (Experiment 5b), and where strong boundaries do not produce slowing 

(Experiment 9b). 

It is also worth noting that the slowing of responses across event boundaries may 

represent a divergence from the predictions of event segmentation theory (Zacks, Speer, 

Swallow, et al., 2007; see Part 1).  EST predicts increased processing at event boundaries 

(Zacks, Speer, Swallow, et al.; see also Swallow & Jiang, 2010), which might be 

manifested as a speeding of reaction times at these points, rather than a slowing.  

However, it has already been demonstrated that explicit event segmentation boundaries 

appear to be inconsistent with those demonstrated using the present technique (Part 2).  

Consequently, the slowing of reaction times in the present experiments may simply be 

further evidence that the two types of boundaries rely upon different mental processes. 

The most consistent and reliable boundary indicator overall appears to be the 

relative strength of irrelevant feature priming in the across-boundary condition.  Any 

significant reduction of interaction strength demonstrates that the boundary manipulation 

has produced a weakening of temporal integration.  The reduction of irrelevant feature 
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priming therefore appears to be the true signature of boundaries in temporal grouping.  

The great virtue of this method, therefore, is that clear predictions may be made regarding 

the location of boundaries, and that the reduction in priming (or lack thereof) will 

objectively reveal whether predictions are consistent with people’s experience of time.  

All this is done without the participant realizing they are taking part in a task on temporal 

segmentation, which greatly reduces concerns about participant bias.  The appearance of 

these signature patterns in data without any explicit awareness on the part of participants 

speaks to the automatic nature of the process, as well as to the legitimacy of the method. 

 

Across-boundary main effects 

 Until this point, there has been only limited discussion of relevant feature 

repetition main effects in the across-boundary condition.  However, in the course of the 

presented work, three distinct patterns have emerged.  In the most common case, there 

appeared to be some evidence of repetition priming even across temporal grouping 

boundaries.  Conditions with repeated relevant features had faster reaction times than 

those with alternating relevant features (see Figure 31, left).  This effect was observed in 

Experiments 6a (small lateral spatial shifts), 8b (occlusion with shading), 9b (180º letter 

rotation), and in Experiment 4 (triplet rhythmic grouping) to a lesser extent. 

 However other experiments showed different patterns in the across-boundary 

condition.  A small number of experiments showed little difference between conditions in 

which the relevant feature repeated and those where it did not (Figure 31, middle).  This 

pattern was observed in rhythm experiments (Experiments 1 and 3a), and in Experiment 
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Figure 31. Examples of three relevant feature repetition main effects in across-boundary 
conditions.  Data shown are from occlusion with shading (Experiment 8b), 400-ms rests 
(Experiment 3a), and pitch change (Experiment 10) experiments, respectively. 

 

6b (large spatial shifts) to a lesser extent.  It appears that these experiments disrupted 

temporal integration more profoundly.  Indeed, small spatial shifts (Experiment 6a) 

showed more evidence of repetition priming than large ones (6b), so perhaps it is related 

to change magnitude.   It may be that rhythmic rests are especially strong disruptors of 

temporal integration as well.  This is certainly believable from their pervasive appearance 

as boundaries within music and speech. 

Most surprising, however, was a pattern of responding in which people were 

faster when the relevant feature changed (Figure 31, right), an apparent reversal of 

priming.  This was observed in Experiments 10 (shifts in pitch), 11 (shifts in timbre), and 
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12 (shape-tracing), and in Experiment 7 (auditory spatial shifts) to a lesser extent.  Here 

the effect appears to be clearly linked to the modality of stimulus presentation--there no 

auditory experiment that fails to show this effect.  But it is also observed in one visual 

experiment on shape-tracing.  In the case of the shape-tracing experiment, this main 

effect may be explained as a result of some type of change monitoring.  In this 

experiment, large gray shapes suddenly disappeared and reappeared on the screen, 

creating an overriding sense that something had changed.  It may have been difficult for 

participants to overcome this strong change signal to select the same response as on the 

previous trial. 

It is likely that something similar is at work in the auditory experiments.  In 

auditory experiments, unlike many visual experiments, it was more difficult to separate 

stimulus features.  A red circle in the top portion of a rectangle creates distinct 

impressions of redness and “topness.”  These features may be parsed as fairly discrete.  

Yet features such as pitch and volume are much more central to the identity of a tone.  It 

is difficult to completely separate one from the other.  This becomes even more difficult 

when additional features such as timbre are added.  The numerous interactions between 

auditory stimulus features also suggest that participants have trouble ignoring these 

features.  It may be, therefore, that encountering the next tone in an auditory experiment 

is much more like encountering a new object than in a visual experiment.  Even when the 

relevant feature is repeated, in many cases another feature integral to tone identity is still 

being changed (particularly if such a feature is being used for temporal grouping).  As in 
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the shape-tracing experiment, it may be that the change signal produced is difficult to 

overcome, resulting in faster reaction times when a change in response is called for. 

 
Conclusion 

 The preceding experiments have shown similar patterns of irrelevant feature 

priming reduction at the boundaries of a highly varied set of temporal groups.  Priming 

was reduced across rests in rhythmically presented visual sequences, yet only when the 

rhythmic spacing was pronounced enough to produce distinct rhythmic groups.  Priming 

was also reduced when groups were defined spatially.  This result was also obtained 

when the auditory stream segregation cues of pitch and timbre were used to distinguish 

groups.  The effects of strong temporal grouping in implicit working memory are 

observed across modalities using grouping cues that ostensibly have little in common.  

Rhythmic groups involve predictable temporal spacing.  Spatially-defined groups involve 

space in an entirely different dimension.  Pitch-defined auditory streams involve a 

perceptual representation of pitch space, and timbre is not so much related to space as to 

the unique manner in which a sound is produced. 

The single unifying feature across all these types of grouping is that all establish a 

strong sense of separation between members of the present group and those of outside 

groups.  In each case, strongly segmenting elements may be thought of as belonging to 

distinct hierarchies, rather than being subunits of the same hierarchy.  The notion that the 

sense of separation predicts boundary behavior is strengthened by the fact that reductions 
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in priming were observed even in experiments that involved a higher-level understanding 

of separation (shape-tracing; Experiment 12). 

 It appears that this sense of separation is the single best predictor of which cues 

will demonstrate strong boundary effects in implicit working memory.  This concept may 

seem abstract, yet abstraction is necessary in discussing a phenomenon that applies so 

generally across a variety of perceptual experiences.  It may be that this amodal sense of 

separation is the experiential manifestation of the reduction of temporal integration in 

implicit working memory--that is, it may be how people feel temporal group boundaries.  

While researchers have long attempted to explicitly probe the manner in which people 

segment time, this has proven to be a complex task that may reveal more about how 

people think about time than how they perceive it.  The present method, however, is a 

direct, objective measure for the building blocks of organized temporal perception.  

Using this technique, it is possible to observe the onset and offset of temporal grouping 

that people have no idea they are performing. 

The creation of separation is an essential process in knowing the world.  It is only 

through the creation of boundaries that the identity of the group may be established.  

Group identity--Heidegger’s “unity with itself”--is a prerequisite for knowledge, for the 

simple yet profound reason that “if science could not be sure in advance of the identity of 

its object in each case, it could not be what it is” (1957/1969, p. 26).  It appears that 

people have a built-in process by which they establish temporal boundaries and determine 

group identity.  This process is carried out by the modulation of integration in an implicit 
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working memory system whose default state is to connect temporally spaced perceptual 

information. 

This memory system is responsible for the encapsulation of streams of input, 

which it accomplishes by integrating within-group elements with one another, while 

distancing them from non-group elements by reducing integration at boundaries.  In this 

sense, temporal boundaries effectively sever the present from the past.  These 

encapsulated streams of information represent a basic and essential unit of perception in 

time.  Although these units are not identical to J. J. Gibson’s events (1979), his 

description of temporal units as analogous to objects in space is apt.  Just as people 

organize the physical world into objects and groups, time is grouped into events.  

Through the preceding experiments, these basic objects of time have been shown to exist 

in people’s perception, and they have been defined by their signature effects upon 

temporal integration.  As a fundamental unit of temporal perception, the temporal groups 

of implicit working memory will likely prove essential in understanding people’s 

experience of time. 
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