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ABSTRACT 

Currently, there is a gap in the literature in terms of the relationship between implicit learning 

and temporal attention. This study set out to discover whether implicit learning could influence 

the modulation of temporal attention. Employing the Rapid Serial Visual Presentation (RSVP) 

task, 42 volunteers from Indiana State University participated in the 45-minute experiment. The 

RSVP stream consisted of 11 uppercase letters, with a stimulus duration of 17ms and a 

presentation rate of 10Hz. Participants were asked to identify one blue target among 10 white 

distractors for 10 practice trials and 462 experimental trials. There were three independent 

variables. The first was Position were a target could appear in one of 5 positions in the RSVP 

stimulus stream. Three of these positions were considered “High-Frequency” and two of the 

positions were “Low-Frequency. The “Low-Frequency” positions occurred at a 1/3 of the 

frequency of the “High-Frequency positions”. The second variable was Jitter, were targets were 

manipulated so that they could appear 33 ms before, exactly at (0 ms), or 33 ms after the 

underlying 100 ms base periodicity. Periodicity was the third independent variable where 

participants were divided into two groups, Periodic or Non-Periodic. Those in the Periodic 

condition had distractors appear at regular 100ms intervals. Those in the Non-Periodic condition 

had distractors appear in an unpredictable pattern that averaged every 100 ms..  

One outcome of the study was the replication of Position effects from a previous study, 

which supports the attentional awakening phenomenon for both conditions. A more significant 

outcome of the study was the provision of empirical support for the idea that periodicity is a 
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factor that may influence implicit learning of temporal patterns. Results showed that target 

identification increased with the frequency of target occurrence at specific RSVP positions in the 

Periodic condition only. It seems periodicity aided participants in implicitly learning where 

targets were more likely to appear, thereby improving cognitive performance.  
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The Effects of Periodicity on Temporal Attention 

Our day-to-day activities as humans normally employ some type of learning, memory, 

and decision-making. Our environment is constantly changing and these processes allow us to 

adapt in order to successfully meet our needs. Whether we are aware of it or not, all three of 

these cognitive processes require the use of attention. Attention is a remarkable cognitive process 

that humans use everyday, whether knowingly or not. Research has shown that attention is a very 

complex process and some of the most interesting investigations are into instances where 

attention does not capture all stimuli or information as we assume it would. How is it that there 

are some people who can only attend to one side of their body and completely ignore the other? 

How do magicians fool us with the “disappearing coin” trick while we watch every move their 

hands make? Questions similar to these are what cognitive psychologists have been studying for 

decades. Many of these studies can be divided into two categories—those that examine attention 

in space (spatial attention) and those that examine attention in time (temporal attention). The 

study presented in this paper is on the topic of temporal attention and how it relates to learning. 

There are two specific goals of this study. The first is to determine if the timing pattern of 

stimuli in a visual task can be implicitly (indirectly) learned. The second goal is to determine the 

effect of periodicity of stimuli on the implicit learning of a timing pattern. To achieve these 

goals, it is important to understand what temporal attention is, methods for assessing changes in 

attention, and finally, the mechanisms by which attention changes or fluctuates. 
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Temporal Attention 

As humans we interact with our environment on a consistent basis. Our sensory organs 

are bombarded with stimuli, revealing important information about our surroundings. The ability 

to focus on pertinent environmental stimuli is termed selective attention (Broadbent, 1958). 

Exogenous attention is when stimuli in the environment orient one’s focus. Often it is necessary 

to behave in a specific manner, or to carry out a goal, and this rests on our endogenous attention. 

This allows one to voluntarily select and process only that information which is helpful or 

meaningful for the situation (Breedlove, Watson, & Rosenzweig, 2005).  

What is the mechanism by which attentional selection operates? There are many ways in 

which researchers have approached this question. Of particular interest are investigations into 

temporal attention, or the ways in which attention selects stimuli in time. Research probing the 

timing of attention often utilizes the Rapid Serial Visual Presentation (RSVP) task. The RSVP 

task consists of a stream of stimuli (letters, symbols, numbers, or a combination of these) 

presented one after another in the same location at a very rapid rate of 10 times/second (see 

Figure 1). Depending on the research question, the stimulus stream may contain a single or 

multiple targets. The RSVP paradigm is particularly useful in allowing for multiple temporal 

manipulations within a sequence, as was done in the present study.  

Using the RSVP task to investigate temporal attention has revealed the true nature of 

attention to be a very complex process with many dimensions. In order for one to attend to 

pertinent information in a dynamic environment, it is reasonable to believe that the mechanisms 

of attentional control must be highly adaptive. There are several studies which demonstrate that 

this adaptive property results in attention being modulated by both general (independent) factors 
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not related to the manipulation of the stimulus stream and specific (dependent) factors which are 

related to the manipulation of the RSVP stimulus stream.  

General Modulation of Attention 

First, consider how attention adjusts in a general way to the environment. It has long been 

understood that attention fluctuates based on multiple factors, including but not limited to level 

of arousal, mood, and motivation (Cohen & Maunsell, 2011). A phenomenon called attentional 

awakening demonstrates how attention can be modulated independently of the specific 

manipulations in the RSVP stimulus stream. Attentional awakening is a trend observed by Ariga 

and Yokosawa (2008) in which attention gradually builds intensity (attentional preparation) over 

the course of a RSVP trial. The authors wanted to know what type of information is used when 

participants orient to stimuli in time. Ariga and Yokosawa (2008) hypothesized that there is a 

cost associated with attentional preparation where lower accuracies appear early in the RSVP 

sequence and gradually higher accuracies occur later in the sequence. Participants viewed an 

RSVP stream containing a fixation cross (“+”) and uppercase letters (light blue distractors and 

white targets) on a gray background. The dependent variable was correct target identification. 

The study consisted of five experiments, each manipulating the interval between the 

disappearance of the fixation cross and the onset of the task stimuli in a different way. This 

interval is termed the delay, but could also be referred to as the foreperiod. The foreperiod was 

manipulated to find out what information would be useful to participants in order to trigger 

attentional preparation. Experiment 1 introduced a 300 ms delay while Experiment 2 used an 

extended delay of 600 ms. Experiment 3 featured a blinking fixation cross and Experiment 4 

featured symbols, both of which flashed at the rate of the task stimuli. Experiment 5 incorporated 

multiple delay interval possibilities within a block of trials. The interesting finding was that no 
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matter how the foreperiod was manipulated, attention was not triggered until the presentation of 

task relevant stimuli. An attentional awakening effect was found for each experiment because the 

onset of possible target locations was not the trigger. This supported the authors’ hypothesis that 

the task-relevant information triggers the attentional awakening phenomenon. The authors 

concluded that the inability to report the correct target was due to a deficient level of attention at 

time points corresponding with target appearance and that the attentional awakening involves 

modulating attention in response to stimuli over time (Ariga & Yokosawa, 2008). It is important 

to note that attentional awakening reflects a general modulation of temporal attention because the 

trend only describes the initiation of attentional processes and is not meant to describe how 

attention fluctuates later in time over the course of the RSVP stream. 

Specific Modulation of Attention 

Interestingly, attention can adjust dynamically to task specific temporal demands such as 

the periodicity in stimulus presentation. Jones and colleagues (Jones & Boltz, 1989; Large & 

Jones, 1999; Jones, Moynihan, MacKenzie, & Puente, 2002) closely examined attentional 

adjustments to periodic time patterns, which they refer to as temporal entrainment. Temporal 

entrainment is where perceptual processing is improved due to the development of a temporal 

expectation using periodic stimuli.  In Jones et al. (2002), auditory stimuli followed periodic 

rhythms of 600 ms intervals. Participants were required to identify whether a comparison tone 

(test tone) at the end of the trial had a pitch that was higher, the same, or different from a 

standard tone (original) at the beginning of the trial. There were distractor tones presented at 

regular time intervals between the standard and comparison tones that participants were asked to 

ignore. The time between the last distractor tone and the comparison tone, called the critical 

inter-onset interval (IOI), either matched or mismatched the IOIs between distractor tones. The 



 5 

pitch judgment was found to be most accurate when the critical and distractor IOIs matched and 

decreased in accuracy as the critical IOI became longer or shorter than the distractor IOI. This 

pattern of results was found regardless of the length of the IOIs—600 ms or 1200 ms. In contrast, 

the accuracy of pitch judgments increased with longer critical IOIs when distractor IOIs were not 

periodic. These results indicate that periodicity led to an expectancy profile where attention 

peaked at the expected IOI, increasing the likelihood of accurately processing the pitch of the 

comparison tone and comparing it with the standard tone. Jones and colleagues referred to the 

underlying attentional adjustment as temporal entrainment. 

Whereas the work of Jones and colleagues show entrainment for auditory stimuli, a study 

by Mathewson, Fabiani, Gratton, Beck, and Lleras (2010) demonstrated temporal entrainment 

using visual stimuli at a rate comparable to the RSVP tasks. Entrainers were annuli with the 

centers removed and the target was a disk. Here, the critical IOI varied among five different 

increments (2 early, 1 on time, and 2 late). The dependent variable was the detection rate of the 

target. The results revealed an inverted “v” trend, demonstrating increased sensitivity at the 

expected critical IOI and decreased sensitivity at the early and late critical IOIs. The authors 

interpreted these results as support for the idea that rhythmic stimuli can affect the visual system 

and increase attentional sensitivity to targets that come at an expected time point (Mathewson et 

al., 2010). 

Developing temporal expectations in order to direct attentional resources is an adaptive 

mechanism with a neural basis. A 2013 study by de Graaf et al. demonstrates that entrainment is 

a result of not only the specific timing nuances of sensory stimuli, but also a result of native 

oscillations in specific regions of the brain. Results from the second experiment in de Graaf et al. 

(2013), demonstrated that rhythmic perceptual events could entrain brain wave oscillations in the 
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occipital region. The authors compared the performance data from participants completing a 

perceptual task and resting EEG neural profiles from the same participants, and discovered that 

there was a high, positive correlation between the two sets of data. The authors assert that this 

supports the connection between the cyclic nature of visual task performance and the alpha 

oscillations present in the occipital lobe of the brain. 

The findings observed by Jones et al. (2002), Mathewson et al. (2010), and de Graaf et al. 

(2013) build a strong case for the effects of periodicity on temporal attention and entrainment as 

an adaptive process that can influence performance on tasks that involve periodic stimuli. The 

purpose of the current study was to investigate whether implicit learning can occur to allow 

adaptive attending to rapidly presented stimuli and whether stimulus periodicity could aid such 

adaptive attending—questions that have not yet been investigated. Martens and Johnson (2005) 

investigated whether adaptive attending could occur through the learning of temporal 

regularities. Specifically, this study focused on whether the timing of targets in an RSVP 

stimulus stream could be learned, resulting in the attenuation of the attentional blink. First 

described by Raymond, Shapiro, and Arnell (1992), the attentional blink (AB) is a phenomenon 

found with an RSVP task where two targets are presented among a stream of distractors. 

Identification of the first target (T1) comes at the cost of a reduced likelihood of identifying a 

second target (T2) if T2 comes within 200-500 ms after T1. Experiment 1 of Martens and 

Johnson (2005) manipulated the consistency of the time lag between T1 and T2. Performance on 

trials that had a constant lag throughout the experiment was compared with performance on trials 

whose lags varied throughout the experiment. The lags explored were lag 3 (target onset 

asynchrony (TOA) was always at 270 ms) and lag 8 (TOA at 720 ms.). The results showed that 

there was no significant difference between the constant and varying groups. Thus, participants 
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did not show evidence of implicit temporal learning. Experiments 2 and 3 made use of explicit 

learning through timing cues. In Experiment 2, a cue that symbolized the length of the TOA was 

presented at the beginning of each trial—one dash (“-“) for the short TOA and three dashes (“---

“) for the long TOA. These cued trials led to higher identification accuracy (cuing benefits) than 

trials on which a cue was not presented. Furthermore, the presence of a cue led to the reduced 

magnitude of the AB. Experiment 3 had a similar set up. The only difference was that a cue 

flashed twice to symbolize the length of the TOA—one dash (“-“) flashed twice with time 

interval between the flash being 270 ms for the short TOA and 720 ms for the long TOA. Again, 

the cued trials led to higher identification accuracy. Although participants showed explicit 

learning of the timing constraints, why participants were unable to implicitly learn this 

information remains an interesting question.  

This matter of temporal implicit learning is intriguing and may in fact be more complex 

than initially thought. Maybe there are specific conditions that need to be present in order for 

implicit learning to occur. One factor that may influence the implicit learning of time constraints 

could be the presence/absence of an underlying periodic stimulus pattern. To further explore the 

idea of temporal learning, Key, Simmons, and Shin (2013) conducted a study exploring the 

effects of periodicity on implicit learning. As mentioned above, periodicity can be extrapolated 

from a stimulus series to guide attention for perceptual processing (Jones et. al., 2002; Jones & 

Boltz, 1989; Large & Jones, 1999; Mathewson et. al., 2010). A common link among these 

studies is the presence of a periodic rhythm, which may work to enhance a person’s ability to 

adjust to temporal regularities. The periodic nature of the stimulus might provide a temporal 

framework on which to represent events. Such a temporal structure or scaffolding could allow 

for a more accurate, fine-tuned modulation of attention. Through entrainment, the presence of 
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periodicity may result in an expectation for when a stimulus should come within a series of 

stimuli. As described earlier, evidence for such a process has been found using a comparison task 

with auditory stimuli (Jones et. al, 2002) and a detection task with visual stimuli (Mathewson et. 

al, 2010), but not using a target identification task with visual stimuli (Martens & Johnson, 

2005). The question one is left with is whether the presence of periodicity facilitates implicit 

learning of temporal patterns in a way that allows attention to be modulated to enhance 

performance in a cognitive task, such as target identification at RSVP rates.  

Previous Study 

This question was addressed by Key et al. (2013) using an RSVP task. The study 

randomly assigned participants to one of two conditions: periodic (distractors appeared regularly, 

every 100ms) or non-periodic (distractors appeared irregularly, on average every 100ms). This 

100 ms interval was referred to as the base periodicity (bp). Using the RSVP task, participants 

were asked to report a blue uppercase letter target among white uppercase letter distractors. 

Stimuli could appear at the 2nd, 6th, or 10th position in the stimulus stream. Stimuli also varied 

in when they could appear; -33 ms (before), 0 ms (on), or 33 ms (after) relative to the base 

periodicity of 100ms. Key et al. (2013, November) termed this fluctuation around the bp, Jitter. 

A diagram of the experimental task is depicted in Figure 2. 

The results of the study showed that overall, target identification improved across 

positions similarly for both the Periodic and Non-Periodic conditions, reflecting an attentional 

awakening effect. Additionally, later Jitter times had higher correct target identification than 

earlier ones for both conditions as well. This resulted in a linear profile across the Jitter 

conditions for both positions 6 and 10. This Jitter effect was independent from the Position 

effect, with a steeper slope than the Position effect. That is, the profile resembles an incomplete 
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“wave-like” pattern (see Figure 3). One could explain this pattern as reflecting modulations in 

attention, where crests and troughs would correspond to increases and decreases in attention, 

respectively. Furthermore, it is possible that the supposed attentional modulation resulted from 

learning of the target positions within the RSVP series.  

Although the two conditions produced similar attentional profiles, it is important to note 

that there was a significant difference in how these trends behave. Participants in the Periodic 

condition showed significantly higher proportion target identification than participants in the 

Non-Periodic condition. This supports the idea that periodicity is beneficial to learning and 

attentional modulation. Finally, the effects of Jitter appeared to affect the participants in the Non-

Periodic condition to a greater degree than the participants in the Periodic condition, resulting in 

a steeper trend.  

Present Study 

The goal of the current study was to find further evidence for implicit temporal learning, 

that is, learning of target positions, by manipulating the frequency with which a target was 

displayed at an RSVP position. Stronger evidence for such learning would be found if target 

identification performance were greater at High-Frequency target locations relative to Low- 

Frequency target locations. Furthermore, this pattern of results would further validate the idea 

that attention was modulated in an oscillatory manner across the RSVP series.  

The design for this study remained largely the same as the previous one with targets 

being displayed at positions 2, 6, and 10. In addition, targets were also presented at positions 4 

and 8 with a lower frequency—that is, occurring at only 1/3 of the frequency of the 2, 6, and 10 

(High-Frequency) positions. The prediction was that there would be high proportion target 
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identification for High-Frequency positions (learned positions) and low proportion target 

identification for Low-Frequency positions (unlearned positions)(see Figure 4). 

Methods 

Participants 

In all, 51 students from Indiana State University participated in this study. Students were 

recruited through the university’s SONA systems website. The age range was 18-23 (M = 19.83 

(SD = 1.52). There were 40 participants that identified as being female, 10 who identified as 

being male, and 1 who did not reply to the gender question. There were 47 right-handed 

participants and 4 left handed participants.  

All participants had normal or corrected to normal vision. Students with a history of 

stroke, seizures, or migraines were not permitted to complete the study. All participants read and 

signed an informed consent document and receive course credit for their participation. 

Apparatus 

A Sony Vaio L-series All-In-One PC with a built-in 1080p LED monitor and 2.67 GHz 

processor displayed stimuli and collected participants’ responses. The RSVP task was 

programmed with E-Prime 2.0 software running on Windows 7. Participants were required to 

use a chin rest to ensure viewing distance from the display remained constant at a distance of 

63cm. 

Procedure  

The task was similar to the Key et al. (2013) study (see Figure 4). On each trial, the 

participant viewed a series of 11 letters on a computer monitor that were displayed one at a time 

at the rate of 10 Hz (10 letters per second). The RSVP stimuli were uppercase letters, with 

targets appearing in blue and distractors appearing in white. A white ampersand mask was 
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displayed at the end of the stimulus stream. Each stimulus was presented for 17ms. The 

participant’s task was to report the target after the stimulus stream had been presented on each 

trial. Each participant completed 1 practice block (of 10 trials) and 7 experimental blocks (of 66 

trials per block). There were 6-30 second forced, timed rests between each block, starting after 

the first experimental block.  

The dependent variable was the proportion correct target identification. There were three 

independent variables in this study. First, the periodicity of the stimulus presentation was 

manipulated. This manipulation was intended to show how periodicity affects implicit learning 

of target positions. For half of the participants, the timing of the stream of letters was periodic; 

that is, a letter was presented exactly every 100 ms. For the other half of participants, the timing 

of the letter stream was non-periodic; that is, targets and distractors appeared on average every 

100 ms. We term this rhythmic pattern of 100 ms intervals as the base periodicity (bp). The 

second independent variable was the possible positions in the stimulus stream where a target 

could appear. For both conditions, the target appeared in either one of three “High-Frequency” 

positions (2, 6, or 10) or one of two “Low-Frequency” positions (4 or 8). The Low-Frequency 

positions occurred at 1/3 of the frequency as High-Frequency positions. The third variable was 

termed Jitter and involved the manipulation of the time in which a target appeared. Targets for 

both conditions, and distractors for the Non-Periodic condition, could appear either before the bp 

(-33 ms), on the bp (0 ms), or after the bp (33 ms). The intent of this manipulation was to reveal 

how accurate or fine-tuned the attentional modulation was for each position. Finally, to control 

for the effects of forward or backward masking, the inter-onset interval (IOI) before and after the 

target was fixed at 100ms.  
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Results 

There were 51 participants that completed the study. Initial analysis of the data involved 

removing participants whose overall proportion correct identification was unreasonably low (.60 

or lower), indicating that they may not have been following instructions or completing the task 

correctly. Using this criterion, data from 42 participants were used in the statistical analysis—19 

in the Periodic condition and 23 in the Non-Periodic condition.  

Overall Performance 

Overall, the average accuracy scores for both conditions were relatively high. An 

independent t-test revealed that there was not a significant difference between proportion correct 

target identification for the Periodic (M = .801, SD = .079) and Non-Periodic (M = .793, SD = 

.094) conditions, p > .5 All tests are two-tailed unless otherwise noted.  

Analysis based on Position 

A 2 (Periodicity) x 5 (Target Position) x 3 (Jitter) Repeated Measures ANOVA (with 

Periodicity as the between-subjects factor) was conducted to examine the fluctuation of attention 

from one target position to another. Figure 5 shows target identification performance as a 

function of target Position and Periodicity.  The main effects of Position, F(4,37) = 18.95, p < 

.001, and Jitter, F(2,39) = 11.63, p < .001, indicate that proportion target identification increased 

the later the Positions and the later the Jitter (-33 ms to 33 ms). The analysis also revealed a 3-

way interaction, F (8,33) = 2.26, p < .05. To understand this interaction, a 2 (Periodicity) x 3 

(Jitter) Repeated Measures ANOVA was carried out for each position. Position 4 was the only 

position to display an interaction between Periodicity and Jitter, F(2,39) = 3.44, p = .037. 

Position 6 and Position 10 both showed main effects of Jitter, F(2,39) = 13.64, p < .001 and 

F(2,39) = 7.70, p = .001, respectively. 
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Analysis based on Frequency 

A 2 (Periodicity) x 2 (High- versus Low- Frequency Target Positions) x 3 (Jitter) 

Repeated Measures ANOVA (with periodicity as the between-subjects factor) was conducted to 

examine whether frequency of target occurrence influenced target identification performance. 

Figure 6 shows target identification performance as a function of frequency and periodicity. 

There was a main effect of Jitter, F(2,39) = 13.15, p < .001, such that target identification 

increased as Jitter progressed from early (-33 ms) to late (+33 ms). Also, a 3-way interaction was 

significant, F(2,39) = 5.26, p < .05. To explore the interaction further, a 2 (Frequency) x 3 (Jitter) 

Repeated Measures ANOVA was conducted for each periodicity condition. Neither the Periodic 

and Non-Periodic conditions revealed a main effect of Frequency, but did show a main effect of 

Jitter, F(2,17) = 9.61, p < .001 and F(2,21) = 5.44, p < .05, respectively. The Periodic condition 

was the only condition to show an interaction between Frequency and Jitter, F(2,17) = 3.18, p = 

.053. Specifically, performance differences only occurred for the Early Jitter, F(1,40) = 13.76, p 

< .05, where performance was best for the Non-Periodic condition at Low-Frequency positions 

and for the Periodic Condition at High-Frequency positions. The High and Low-Frequency 

factors were examined independently and this analysis revealed that the Non-Periodic Condition 

was the only condition to have a main effect of Jitter, F(2,17) = 16.38, p < .001 and t F(2,21) = 

8.21, p < .05.   

Discussion 

Research has shown that perceptual performance is enhanced when temporal information 

is present for a stimulus (Jones et. al., 2002; Jones & Boltz, 1989; Large & Jones, 1999; 

Mathewson et. al., 2010). That enhancement is due to attentional modulation, which can occur in 

a general form, simply over the passage of time as evidenced by attentional awakening. 
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Attentional modulation can also occur in a specific form, as with entrainment. Entrainment 

occurs as a result of phase-locking attention with the temporal information provided by stimuli. 

Explicit learning of temporal information can contribute to the modulation of attention (Martens 

& Johnson, 2005). However, research exploring implicit learning of temporal information and 

how it can modulate attention is lacking. The current study was designed to closely examine 

whether implicit learning of temporal information can modulate attention in a way that enhances 

the cognitive process of identifying target letters among letter distractors in an RSVP paradigm.  

The main results were that target identification increased with target position. 

Furthermore, target identification increased with the frequency of target occurrence at a specific 

RSVP position only when stimuli were presented in a periodic manner in the Periodic condition. 

These results replicate the Key et al. (2013) finding consistent with attentional awakening. More 

importantly, they provide further evidence that periodicity is beneficial for implicit temporal 

learning. These are discussed further in the following. 

Effects of Position and Jitter  

 The effects of Position and Jitter found in Key et al. (2013) were replicated in the current 

study. Performance improved as the targets appear in later positions in the stimulus stream. This 

effect is consistent with the attentional awakening phenomenon. Also, Jitter main effects were 

found for both conditions that were independent from the position main effect, consistent with an 

oscillating pattern of attentional modulation. Interestingly, as in Key et al. (2013), the attentional 

“peak” occurred past the expected time point based on the based periodicity.  One could 

speculate whether this was the result of an optimal attentional strategy or whether this was a by-

product of a lag in attentional control that was aimed at an attentional peak at the expected 

periodic time points along the bp.  
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Effects of Frequency  

 The main hypothesis tested in this study was that implicit learning would lead to better 

performance at High-Frequency positions rather than Low-Frequency positions. Such a pattern 

was only found for the Periodic condition and only at Position 4. This still supports the idea that 

periodicity benefits temporal learning and is generally consistent with the Key et al. (2013) 

results showing better performance for periodic stimulus presentation than non-periodic stimulus 

presentation. Interestingly, at Position 8, performance appeared very similar to Positions 6 and 

10, perhaps reflecting a plateauing of attention at the latter part of an attentional awakening 

profile. (See Figure 5.) 

In contrast to Key et al. (2013), periodicity did not influence the overall level of 

performance in the current experiment. One reason why this pattern is seen may be due to the 

fact that there are almost twice as many targets compared to the previous study. This may have 

inadvertently raised the general level of arousal, regardless of periodicity. It would be useful to 

further strengthen the frequency manipulation in future research. 

General Conclusion 

The results of this study support and extend the existing literature. First, they replicate the 

Position effects found in Key et al. (2013, November) and are consistent with the attentional 

awakening effect described by Ariga and Yokasowa (2008). More importantly, target 

identification increased with the frequency of target occurrence at a specific RSVP position 

when stimuli were presented in a periodic manner in the Periodic condition. This finding 

provides converging evidence that implicit temporal learning may be facilitated by stimulus 

periodicity together with the periodicity advantage found in Key et al. (2013). Interestingly, these 

two studies provide an extension of the findings supporting the beneficial role that periodicity 
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plays in perceptual processing found at both at time scales of 1-2 Hz of stimulus presentation 

(Jones, Moynihan, MacKenzie, & Puente, 2002) and at RSVP rates (Mathewson et al., 2010).  

Specifically, the results support the idea that stimulus periodicity facilitates attentional 

modulation necessary for higher-level cognitive processes. 

The mechanism by which periodicity facilitates attentional modulation is not clear. One 

possibility is that periodicity provides a temporal representational framework useful for encoding 

the timing of events. A benefit in temporal encoding could then facilitate implicit learning of 

time patterns. The exact mechanism underlying the benefits of periodicity found here is a topic 

for future research.  

Strengths and Limitations 

 There were some limitations of this study that should be mentioned. A convenience 

sampling method was used, so study participants mostly consisted of 18-23 year old, Caucasian 

females. The limited age range, gender, and ethnicity limits the generalizability of the study 

results. Also, the manipulation of one of the independent variables, Frequency, may have been 

too weak to show significant trends predicted by previous research. A follow-up study consisting 

of a larger difference between the occurrence of High Frequency and Low Frequency positions 

could solve this problem. 

 There are also strengths of this study that should be highlighted. This study is one of the 

few studies investigating the role of implicit learning in temporal attention, and the only study to 

find supporting evidence for the relationship. Also, the design of the study is unique in that it 

allows one to examine the temporal trend across trials for each position, both frequencies, and 

the trend across all possible positions throughout the task as well. 
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Applications 

This new set of data in the area of temporal attention will not only help to widen the 

knowledge base in the field, but also help to inform current models of temporal attention, 

allowing them to make more accurate predictions about perceptual related behaviors. Results 

supporting implicit learning of temporal attention reveal that attention is complex, reflecting 

flexible adjustments to repeating temporal patterns in the environment. Research in temporal 

attention can certainly help advance research in other, more practical areas such as language 

acquisition and how humans experience music.  

Whether we realize it or not, language acquisition involves temporal rhythms. In fact, 

current research looking at learning disorders, specifically problems with reading, implicates 

deficits in temporal attention (Visser, 2014). Understanding how temporal attention can be 

manipulated could lead to interventions that help improve deficits in temporal attention, thereby 

improving reading ability.  

The temporal pattern found in music lends itself perfectly to studying temporal attention. 

Research in this area could examine how a person learns to read music. There is already research 

confirming the many differences between accomplished musicians and non-musicians. 

Advancing research in temporal attention could examine if and how those differences can be 

bridged with cognitive training.  

In a broader sense, therapies and interventions created to improve attentional aspects of 

cognition can benefit from understanding how attention can be manipulated to enhance 

perceptual performance. Children with Attention Deficit Hyperactivity Disorder, women 

suffering from cognitive decline due to chemotherapy treatments, and elderly men and women 

suffering with dementia due to Alzheimer’s disease could all benefit from research that explores 
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how attention works in order to improve the cognitive symptoms that affect daily life. Even 

healthy adults seek to improve their cognitive processes such as attention, which is evident by 

the popularity of paid, cognitive training programs such as Lumosity ™.  

Past research has shown that attention is intimately connected to other areas of cognition 

such as learning, memory, and decision-making. At the same time, it is known that there are 

many threats to human cognitive abilities such as drugs, trauma, genetic disorders, and many 

environmental factors. Developing a better understanding of normal cognitive processes can lead 

to understanding of diseased cognitive processes. 
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Figure 1. Diagram of RSVP task.  
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Figure 2. This diagram depicts the two conditions of the experimental task in Key, 

Simons, and Shin (2013, November). In each trial, there is one, blue, uppercase letter. Targets 

are represented in the diagram as a blue “T”. The distractors in each trial are white uppercase 

letters. Distractors are represented here as white “D’s”. The timeline along the bottom of the 

diagram represents the length of time for each trial and depicts all possible positions (200ms, 

600ms, and 800ms) and times relative to bp (-33ms, 0ms, and 33ms) in which a target may 

appear. Originally appeared in “Attentional Expectations of Periodicity in a Rapid Serial Visual 

Presentation Task” by M. Key, G. Simmons, and J. Shin, November 2013. Poster session 

presented at the meeting of the Psychonomic Society, Toronto, Canada. 
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Figure 3. Proportion target identification as a function of Position and Jitter for both 

experimental conditions in Key et al. (2013, November). Error bars represent standard error of 

the mean. Originally appeared in “Attentional Expectations of Periodicity in a Rapid Serial 

Visual Presentation Task” by M. Key, G. Simmons, and J. Shin, November 2013. Poster session 

presented at the meeting of the Psychonomic Society, Toronto, Canada. 
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Figure 4. This diagram depicts the Periodic and Non-Periodic conditions of the 

experimental task for the present study. In each trial, there is one, blue, uppercase letter. Targets 

are represented in the diagram as a blue “T”. The distractors in each trial are white uppercase 

letters. Distractors are represented here as white “D’s”. The timeline along the bottom of the 

diagram represents the length of time for each trial and depicts all possible positions (High/Low-

Frequency) and times relative to bp   (-33ms, 0ms, and 33ms) in which a target may appear. The 

High-Frequency positions are at 200ms, 600ms, and 1000ms. The Low-Frequency positions are 

at 400ms and 800ms.  
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     Figure 5. Proportion target identification as a function of Position and Jitter for the Periodic 

and Non-Periodic conditions. Error bars represent standard error of the mean.  
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Figure 6. Proportion correct target identification as a function of Frequency and Jitter for 

both experimental conditions in the present study. Error bars represent standard error of the 

mean.  

 


