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ABSTRACT 

 

 Past research has shown that affects high in approach motivation, the impetus to move 

toward a desired goal or object, may hasten the perception of time as compared to a neutral state 

(Gable & Poole, 2012).  The current experiments sought to replicate and expand this past work 

by exploring the neural correlates of approach motivation and time perception.  Participants in 

two experiments completed a pair of time bisection tasks designed to measure the speed at which 

time passed during and after presentation of neutral pictures and high approach-motivated 

positive pictures.  Electroencephalography recordings were taken during each task to measure 

specific neural correlates of approach motivation (i.e., alpha-delta band power, frontal cortical 

asymmetry) and time perception (i.e., the contingent negative variation).  Overall, results 

revealed a hastening of time during the high approach-motivated positive (vs. neutral) 

pictures/intervals.  In addition, results suggest that high approach-motivated positive (vs. neutral) 

affect may enhance contingent negative variation amplitudes and alpha-delta power.  Taken 

together, these results shed new light on how approach motivation and time perception function 

within the brain, and emphasize the importance of examining approach-related affects in 

neurophysiological research. 

 Keywords:  motivation, emotion, time perception, electroencephalography  
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INTRODUCTION 

Psychologists have studied perceived distortions of time since the days of William James 

(1890), who was one of the first psychologists to note that our perception of time may change 

depending on whether it is spent busily or vacantly, or whether it is focused on or away from the 

ticking clock.  Additional anecdotal evidence of time distortion was noted by French geologist 

Michel Siffre (1964), who embarked on a geological expedition into a glacier, 375 feet beneath 

the ground.  As Siffre spent two months living alone, without the presence of a clock, a calendar, 

or the sun, he quickly lost all sense of time and reported being unable to differentiate between the 

passing of one hour or five.  Empirical study of time distortion followed years later, with 

psychologists investigating how various physiological, environmental, cognitive, and affective 

factors influence the perception of time, and how distortions in the perception of time may 

influence behavior. 

Since these early explorations, recent research has demonstrated that the perception of 

time can be altered by stress (Hancock & Weaver, 2005), pain (Thorn & Hansell, 1993), 

personality traits (O’Brien, Anastasio, & Bushman, 2011), self-regulation (Vohs & Schmeichel, 

2003), attention (Zakay, 1992), and thoughts about death (Martens & Schmeichel, 2011).  

Although each of these distinct variables distorts the perception of time, one common thread 

between them is that they all involve affective experience.  Albert Einstein (1916/2005) once 

noted that the perception of time may change depending on whether time is spent doing 

something positive or negative: “When a man sits with a pretty girl for an hour, it seems like a 

minute.  But let him sit on a hot stove for a minute and it’s longer than any hour.  That’s 

relativity.”  This anecdote fittingly summarizes the corpus of past research on affective valence 
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and the perception of time.  Along these lines, research has focused on how positive and negative 

affective experiences speed or slow the perception of time, testing whether the common 

aphorism “time flies when you are having fun” is in fact supported by research.  

Affective Valence and Time Perception 

Previous studies examining the relationship between affect and distorted time perception 

have compared the effects of positive affective states with the effects of neutral and negative 

affective states (for a review, see Droit-Volet & Gil, 2009; Wittmann, 2009).
1
  Overall, this 

research has shown that relative to negative states, positive states make time appear to pass more 

quickly and cause assessments of elapsed time to be shorter (Angrilli, Cherubini, Pavese, & 

Manfredini, 1997; Droit-Volet, Brunot, & Niedenthal, 2004).  For example, Angrilli et al. (1997) 

showed participants a series of positive and negative images for varying lengths of time and 

asked participants to judge how long the images were displayed.  The authors found that 

participants judged highly arousing, positive images as being displayed for a shorter time than 

highly arousing, negative images.  In addition, Droit-Volet, Bigand, Ramos, and Bueno (2010) 

had participants listen to pleasant or neutral music played for varying durations, and judge how 

long the music was played.  Consistent with predictions, time flew while participants listened to 

positive (vs. neutral) music.  In another experiment, participants judged pleasant sounds (e.g., 

laughs) as being played for a shorter amount of time than unpleasant sounds (e.g., a woman 

crying; Noulhiane, Mella, Samson, Ragot, & Pouthas, 2007). 

In summary, these past results suggest that affective valence alters temporal processing, 

with positive states relating to a hastened perception of time.  However, comparisons between 

positive and negative affective states do not test the underlying mechanisms driving the 

relationship between affect and time perception.  Recent research on affect and time perception 
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has suggested that approach motivation in positive states may serve as the driving mechanism 

within the relationship between positive states and time perception. 

Approach Motivation and Time Perception 

What is approach motivation?  Recent conceptual models of affect-cognition interactions 

emphasize the dimension of approach motivation underlying affective states.  These models 

suggest that approach motivation is an “impulse to go toward” that may arise from external 

stimuli (e.g., affective images) or internal processes (Harmon-Jones, Harmon-Jones, & Price, 

2013, p. 291).  Because recent research investigating the underlying motivational mechanisms 

influencing affect has primarily examined positive states, the current experiments examining the 

neural effects of approach motivation on time perception will also focus on positive states. 

Approach motivation may be manipulated and measured on a continuum, from low levels 

of motivation to higher levels.  For example, some positive affective states are relatively low in 

approach motivation (e.g., contentment), whereas others are relatively high in approach 

motivation (e.g., enthusiasm while approaching a desirable object).  Positive affects high in 

approach motivation often occur in the pursuit of a goal, such as reproduction and social 

attachment, or acquisition of biologically necessary resources, such as food and water (Gable & 

Harmon-Jones, 2011; Knutson & Wimmer, 2007).   

Affects that vary in motivational intensity have different effects on attention, cognition, 

and behavior.  Positive affects high in approach motivation narrow attentional scope as compared 

to positive affects low in approach motivation and neutral affect (Gable & Harmon-Jones, 

2008a).  Positive affects high in approach motivation also enhance memory for centrally 

presented information (Gable & Harmon-Jones, 2010a) and narrow cognitive categorization 

(Price & Harmon-Jones, 2010).  Presumably, this is because narrowed processes assist in 
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shutting out irrelevant perceptions and cognitions as organisms approach and attempt to acquire 

desired objects or motivationally relevant goals, such as reproduction, social attachment, and the 

attainment of food and water (Gable & Harmon-Jones, 2010a, 2010b; Harmon-Jones & Gable, 

2008).  Conversely, broadened cognitive processing during a pre-goal state might cause 

distraction or disengagement and hinder acquisition of the desired goal.  Given the importance of 

high approach-motivated positive affect in the acquisition of desirable outcomes, it seems likely 

that approach-motivation intensity would also influence the perception of time passing.  

Early research on approach motivation and time perception.  Csikszentmihalyi’s 

(1975, 1990) theory of flow launched one of the earliest empirical investigations of the 

relationship between approach motivation and time perception.  Csikszentmihalyi was one of the 

first psychologists to suggest that approach-motivated states, which he called states of “flow,” 

may distort the perception of time passing.  He defined flow as the optimal experience that 

occurs when intense concentration meets enjoyment, when “concentration is so intense that there 

is no attention left over to think about anything irrelevant, or to worry about problems.  Self-

consciousness disappears, and the sense of time becomes distorted” (1990, p. 71).  

Recent research has supported Csikszentmihalyi’s hypothesis by showing that playing 

online video games, an approach-motivated behavior, encourages a state of flow and causes 

players to report time flying by (Chou & Ting, 2003; Rau, Peng, & Yang, 2006).  Additional 

research investigating this relationship has been primarily correlational.  For example, Campbell 

and Bryant (2007) found that participants who reported more excitement (i.e., approach 

motivation) about skydiving judged the duration of a skydive as being shorter than participants 

who reported more fear.  
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Furthermore, past research has shown that individual differences in personality relate to a 

slowed perception of time during approach-motivated states.  Individuals who are driven by a 

high need for achievement and control (e.g., Type A) demonstrate a sense of time urgency that is 

often characterized by impatience and anger (Fraisse, 1963; Glass, Snyder, & Hollis, 1974).  

These individuals typically experience time passing more slowly (Burnam, Pennebaker, & Glass, 

1975) and arrive earlier to experiments than individuals who are less competitive, aggressive, 

and time urgent (e.g., Type B; Gastorf, 1980).  This is likely due to highly motivated individuals 

feeling impatient when events transpire too slowly (Fraisse, 1963) and feeling guilty if time is 

wasted (Heckhausen, 1967). 

Recent research has also shown that when time engaged in a task ostensibly passed more 

quickly than had actually occurred, the hedonic value of the task increased, but when time 

appeared to pass more slowly than had actually occurred, the hedonic value of the task decreased 

(Sackett, Meyvis, Nelson, Converse, & Sackett, 2010).  These results support the idea that 

hastened time perception may facilitate goal acquisition by increasing the hedonic value of goals 

or objects; further, they suggest a bidirectional relationship between approach-motivated positive 

affect and a hastened perception of time.  

Taken together, these past studies suggest a positive relationship between approach 

motivation and a hastened perception of time.  However, these studies had not directly tested this 

relationship.  Therefore, I sought to expand past research by directly testing the effects of 

approach motivation on the perception of time in a series of three experiments. 

Comparing high vs. low approach-motivated positive states.  In one experiment, 

Gable and Poole (2012) tested whether positive affects high (vs. low) in approach motivation, or 

a neutral state, would hasten the perception of time.  Participants completed a temporal bisection 
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task, in which they judged whether high approach-motivated positive pictures (delicious 

desserts), low approach-motivated positive pictures (flowers), or neutral pictures (geometric 

shapes) were displayed for a long or short amount of time.  All pictures were displayed for 

varying durations (400-1,600 ms).  Participants perceived time as passing faster in a high 

approach-motivated positive state than in a low approach-motivated positive state or a neutral 

state.  In addition, individual differences in approach motivation as measured by time since eaten 

predicted a hastened perception of time to high approach-motivated pictures, but not to neutral 

pictures or low approach-motivated positive pictures.  These results were the first to suggest that 

positive affects varying in motivational intensity have different effects on time perception. 

Manipulated approach motivation and time perception.  To further test the hypothesis 

that approach motivation is responsible for a hastened perception of time, Gable and Poole 

(2012) manipulated the intensity of approach motivation independent of picture type by 

experimentally varying the expectancy to act, which has been shown to increase motivational 

intensity (for a review, see Brehm & Self, 1989) and approach motivation (Gable & Harmon-

Jones, 2008a; Harmon-Jones, Lueck, Fearn, & Harmon-Jones, 2006).  Specifically, Gable and 

Poole manipulated the expectancy to consume delicious desserts.  Half of the participants viewed 

dessert pictures and were given the expectancy to consume the items, whereas the other half 

viewed the same dessert pictures but were not given the expectancy to consume the items.  After 

viewing the pictures, participants responded to the question “How did time seem to progress 

while you viewed the pictures?” using a Likert-type scale anchored by 1 (Time Dragged) and 7 

(Time Flew).  Participants who viewed the high approach-motivated pictures with the expectancy 

to consume the items reported time passing faster than participants who only viewed the high 

approach-motivated pictures.  
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Comparing approach-positive vs. withdrawal-negative states.  Finally, Gable and 

Poole (2012) sought to extend these results by testing whether a high approach-motivated 

positive state hastens the perception of time relative to a high withdrawal-motivated negative 

state.  Participants completed a temporal bisection task using high approach-motivated positive 

pictures and high withdrawal-motivated negative pictures, and judged whether the pictures were 

displayed for a short or long amount of time.  Consistent with predictions, participants perceived 

time as passing faster in a high approach-motivated positive state than in a high withdrawal-

motivated negative state.  Together, these results suggest that approach motivation, rather than 

valence, heightened arousal, or attentional capture, is the mechanism responsible for hastening 

the perceived passing of time. 

Together, these studies show that motivational direction, rather than affective valence and 

arousal, influences changes in the perception of time.  Specifically, recent research has 

demonstrated that positive affects high in approach motivation hasten the perception of time 

relative to positive affects low in approach motivation and neutral affect (Gable & Poole, 2012).  

Research has also shown that direct manipulations of approach motivation to dessert (vs. neutral) 

stimuli hasten the perception of time.  Also, individual differences in approach motivation as 

measured by time since eaten predicted a hastened perception of time to high approach-

motivated pictures, but not to neutral or low approach-motivated positive pictures. 

Why might a hastened perception of time contribute to goal acquisition?  During 

approach-motivated states, a hastened perception of time may signal that a behavior is hedonic 

and enhance evaluations of the experience or activity (Sackett et al., 2010).  Consequently, a 

hastened perception of time may assist in prolonging goal-directed action and persistence toward 

obtaining a desired object or goal.  Other research has suggested that changes in the perception 
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of time may be important for motor control and making predictions about the environment (e.g., 

perceiving the presence of danger or goals; Meck, 2005).  Taken together, these results suggest 

that an altered perception of time may be related to goal acquisition.  

Neurophysiological Correlates of Time Perception 

Early theories attempting to explain how humans experience and perceive the passing of 

time proposed that the brain must play an integral role in temporal processing.  Even before 

researchers developed the ability to precisely measure neurophysiological processes, William 

James (1890) suggested that the experience of time was dependent on these processes: 

[T]o state it in neural terms, that there is at every moment a cumulation of brain-

processes overlapping each other, of which the fainter ones are the dying phases of 

processes which but shortly previous were active in a maximal degree.  The amount of 

the overlapping determines the feeling of the duration occupied.  What events shall 

appear to occupy the duration depends on just what processes the overlapping processes 

are (p. 635). 

Unsurprisingly, emerging research has begun to examine how neurophysiology may influence or 

reflect changes in temporal processing.  For example, Craig (2009) hypothesized that the 

perception of time is closely tied to emotional and visceral processes, both of which share a 

common neurophysiological system.   

Recent research has sought to determine the neurophysiological processes associated with 

changes in the perception of time using various methods, such as positron emission tomography 

(PET; Onoe et al., 2001), functional magnetic resonance imaging (fMRI; Kosillo & Smith, 2010; 

Pouthas et al., 2005), and repetitive transcranial magnetic stimulation (Wiener, Hamilton, 

Turkeltaub, Matell, & Coslett, 2010; Wiener et al., 2012).  Broadly, these studies have 
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demonstrated that individual brain structures such as the right supramarginal gyrus or the 

dorsolateral prefrontal cortex are associated with time perception.  However, other studies have 

suggested that multiple brain regions and functions working in concert may be associated with 

time perception (Meck, Penney, & Pouthas, 2008). 

While neuroimaging techniques such as fMRI provide excellent spatial resolution to 

pinpoint cortical structures or regions that are associated with the perception of time, they have 

relatively low temporal resolution, and thus are unable to measure differences in temporal 

processing within small windows of time.  In contrast, electroencephalography (EEG), which 

measures changes in electrical activity of the brain over time, has excellent temporal resolution, 

allowing researchers to examine specific neurophysiological processes associated with a 

psychological response as it occurs over milliseconds.  Researchers using EEG typically employ 

three key measures when examining affective or motivational processes: event-related brain 

potentials, frequency oscillations, and frontal cortical asymmetry.  

Event-related Brain Potentials 

Broadly, event-related brain potentials index the summation of post-synaptic potentials 

that emerge from cortical neurons firing together (Bartholow & Amodio, 2009).  Changes in 

event-related potentials reflect various affective and cognitive processes (e.g., attentional 

capture, expectancy violation, time perception) associated with the onset of a specific stimulus or 

response.  

Event-related potentials are composed of multiple components, which are represented by 

positive and negative voltage deflections over time.  Each component is typically measured 

within a relatively specific window of time, with some components occurring as early as 50-170 

milliseconds after stimulus onset (Pérez-Edgar & Fox, 2005).  In addition, each event-related 
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potential component is typically associated with one set of psychological processes, although 

some components (e.g., the late positive potential) may be associated with multiple processes 

occurring simultaneously (Bartholow & Amodio, 2009; Coles & Rugg, 1995).  The degree to 

which these processes are engaged by a stimulus or response can be measured by the amplitude 

of each component (Bartholow & Amodio, 2009).  That is, more “intense” stimuli, such as 

motivationally relevant pictures, typically produce larger or steeper amplitudes than less intense 

or neutral stimuli. 

In sum, event-related potentials are advantageous measures for research because they 

index specific neurophysiological processes associated with a psychological response as it 

unfolds over milliseconds.  Neuroimaging measures such as PET and fMRI lack this ability, and 

thus are not ideal to use when examining rapid changes in neural activity over time.  Therefore, 

in the current experiments I sought to examine how one EEG-derived event-related brain 

potential component, the contingent negative variation, may relate to hastened time perception to 

high approach-motivated positive (vs. neutral) stimuli. 

The contingent negative variation. The contingent negative variation (CNV) is the most 

commonly examined event-related brain potential component that relates to time perception (for 

a review, see van Rijn, Kononowicz, Meck, Ng, & Penney, 2011).  The CNV is a slow, negative 

wave that may appear between 250 and 500 ms after stimulus onset, specifically during tasks in 

which participants are instructed to keep track of time.  However, its exact role in temporal 

processing has remained disputed.  Some studies have suggested that the CNV may reflect the 

brain’s accumulator of temporal information (Macar & Vidal, 2004, 2009) or serve as an index 

of stimulus duration (Wiener et al., 2012).  However, much research has suggested that the CNV 

indicates changes in time-based processes facilitated by motivation and expectation (Brunia & 
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van Boxtel, 2001; McAdam, Knott, & Rebert, 1969; Tecce, 1972; van Rijn et al., 2011; Walter, 

Cooper, Aldridge, McCallum, & Winter, 1964). 

Research has also disputed how changes in the size of CNV amplitudes correspond to 

changes in the perception of time.  Some studies have shown that larger CNV amplitudes 

corresponded to longer duration judgments during time discrimination tasks (Macar, Vidal, & 

Casini, 1999) and to (exclusively neutral) visual stimuli (Wiener et al., 2012).  Gan, Wang, 

Zhang, Li, and Luo (2009) tested whether affective (vs. neutral) stimuli influence CNV 

amplitudes.  The authors found that pictures of neutral faces produced larger CNV amplitudes 

than happy or angry faces, and concluded that the size of CNV amplitudes should depend on 

how much attention is paid to timing.  However, these results are problematic for two reasons:  

they contradict numerous past studies showing that more intense stimuli (e.g., affective images) 

typically produce larger event-related potential amplitudes than less intense or neutral stimuli 

(Bartholow & Amodio, 2009); and recent research using highly arousing positive, negative, and 

neutral stimuli failed to replicate these results (Tamm, Uusberg, Allik, & Kreegipuu, 2014). 

Alternatively, past research has suggested that the relationship between timing and the 

size of CNV amplitudes is dependent upon the type of task being used: “CNV amplitude does 

not reflect accumulated duration in a linear fashion or that, if it does, the effect is detectable 

using scalp-recorded ERPs only for certain types of interval time task[s]” (Ng, Tobin, & Penney, 

2011, p.7).  Given this large disparity within the literature, it is difficult to predict how CNV 

amplitudes will relate to approach-motivated positive (vs. neutral) pictures.  However, I propose 

that if positive (vs. neutral) stimuli typically hasten the perception of time (Angrilli et al., 1997; 

Droit-Volet et al., 2004; Gable & Poole, 2012), and affective stimuli typically produce larger 

event-related potential amplitudes than neutral stimuli (Bartholow & Amodio, 2009), then 
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affective stimuli and a hastened perception of time should relate to larger CNV amplitudes.  

However, given that Gan et al. (2009) found that affective (vs. neutral) pictures produced smaller 

CNV amplitudes, I may also observe this pattern of results in the current experiments. 

Taken together, past research has demonstrated the utility of the CNV as an index of 

motivated or temporal processing.  However, this past research has not examined how approach 

motivation within positive affects influences the CNV or other related neurophysiological 

markers of time perception. 

EEG Frequency Oscillations 

The EEG signal is also able to capture distinct neural oscillations (frequencies) that 

comprise each event-related potential.  Broadly, these frequencies are produced by post-synaptic 

potentials (e.g., electrical potentials in the dendrites), which generate electrical fields that 

oscillate from positive to negative (Niedermeyer & Lopes da Silva, 1999).  Individual frequency 

oscillations, such as the alpha and delta bands, may reflect cortical and subcortical processes 

related to affect, motivation, and changes in the perception of time (Knyazev, 2007).
2
 

Alpha oscillations (8-13 Hz) are thought to reflect processes in the most recently evolved 

brain system and are the most widely measured frequency oscillations in human adults.  

Increased alpha oscillations have been found to index decreased activation of some cortical 

structures in human adults (Cook, O’Hara, Uijtdehaage, Mandelkern, & Leuchter, 1998; 

Davidson, Chapman, Chapman, & Henriques, 1990), although other research has suggested that 

increased alpha activity is linked with activation of specific mental functions (e.g., working 

memory, mental representation; Knyavez, 2007).  Initial research on the EEG correlates of time 

perception favored the alpha rhythm as the primary indicator of temporal processing in the brain 

(Gooddy, 1959; Treisman, 1984; Werboff, 1962).  This research suggested that oscillations in 
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cortical activity should be related to time estimation and production.  For example, Surwillo 

(1966) found a small but significant correlation between time estimates of short durations and 

alpha rhythm activity.  Additional research has supported (Treisman, Cook, Naish, & MacCrone, 

1994) or expanded these findings (Glicksohn, Ohana, Dotan, Goldstein, & Donchin, 2009), but 

has also suggested that delta frequency oscillations may play an important role in motivation and 

temporal processing. 

Delta oscillations (1-4 Hz) are thought to reflect activation of subcortical structures (see 

Knyazev, 2007, for a review).  Increased delta oscillations have been linked with basic biological 

and motivational processes such as hunger (Hoffman & Polich, 1998) and sexual arousal (Heath, 

1972).  Delta oscillations are also directly related to the regulation of goal-directed behaviors, 

such as addiction and impulse control (see Knyazev, 2012, for a review).  Although delta 

oscillations have not been directly linked with temporal processing, research has suggested that 

examining the relationship or ratio between alpha and delta oscillations should provide novel 

understanding of motivational and affective processing (Knyazev, 2007), both of which govern 

changes in the perception of time.   

Alpha and delta oscillations are inversely related to one another (Jackson, 1958; Knyazev 

& Slobodskaya, 2003), such that less delta band activity predicts greater alpha band activity, and 

vice versa (Robinson, 1999, 2000).  This inverse relationship is thought to indicate cortico-

subcortical crosstalk across the cortex (Schutter, Leitner, Kenemans, & van Honk, 2006), and has 

been directly linked to the behavioral activation system of motivation (Knyazev & Slobodskaya, 

2003; Schutter & Knyazev, 2012).  A ratio of alpha-delta band power should detect changes in 

cortico-subcortical activity in the behavioral activation system, with lower numbers indicating 
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greater alpha-to-delta power, greater cortico-subcortical crosstalk, and greater relative activity 

within the behavioral activation system (Knyazev et al., 2003). 

Frontal Cortical Asymmetry 

Frontal cortical asymmetry, as measured by the inverse of alpha power frequency over 

the left and right pre-frontal lobes, is one of the most prominent neurophysiological measures of 

motivational direction.  Greater left frontal-cortical activation is involved in state approach 

motivation (Gable & Harmon-Jones, 2008b; Harmon-Jones & Sigelman, 2001).  In contrast, 

greater right frontal-cortical activation is involved in state withdrawal motivation (Buss et al., 

2003; Silva, Pizzagalli, Larson, Jackson, & Davidson, 2002; Stewart, Towers, Coan, & Allen, 

2011).  Moreover, frontal asymmetry relates to motivation at the trait level (Harmon-Jones, 

Gable, & Peterson, 2010; Gable & Harmon-Jones, 2008b; Harmon-Jones, 2006; Harmon-Jones 

& Sigelman, 2001; Harmon-Jones, Peterson, & Harris, 2009), such that greater behavioral 

approach (BAS) is associated with greater left-frontal activation (Amodio, Master, Yee, & 

Taylor, 2008; Coan & Allen, 2003b; Harmon-Jones & Allen, 1997), and greater behavioral 

inhibition (BIS) is associated with greater right-frontal activation (Balconi, 2011; Balconi & 

Mazza, 2009; Sutton & Davidson, 1997).   

Past research has shown that viewing affective (vs. neutral) pictures may not always elicit 

greater relative left-frontal activation (Gable & Harmon-Jones, 2008b; Harmon-Jones, 2006, 

2007).  However, this research has shown that related individual differences or responses may 

interact with picture type to predict frontal asymmetry.  For example, Gable and Harmon-Jones 

(2008b) found no difference in frontal asymmetry when comparing between dessert and neutral 

pictures that were displayed for 12 seconds, but they found that individual differences in liking 

for dessert predicted greater relative left-frontal activation to the dessert pictures.  Based on this 
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past research, I will test whether the perception of time will interact with picture type to predict 

frontal asymmetry in the current experiments. 

The Current Experiments 

 Based on past research showing that high approach-motivated positive (vs. neutral) states 

hasten the perception of time, I designed two experiments to replicate and significantly expand 

these findings by examining possible neural correlates of hastened time perception.  Specifically, 

I sought to examine how hastened time perception during approach-motivated states influenced 

three distinct, EEG-derived neurophysiological markers: the contingent negative variation, 

alpha-delta frequency rhythms, and frontal cortical asymmetry.  I chose to include these 

measures in the current experiments because EEG (vs. other imaging techniques) has excellent 

temporal resolution and allows researchers to examine changes in neurophysiological processes 

associated with a psychological response as it occurs over milliseconds.  Based on past research 

showing that high approach-motivated positive states activate distinct neurobiological brain 

regions such as the prefrontal cortex, nucleus accumbens, and other structures associated with 

motivational processes (Davidson & Irwin, 1999; Harmon-Jones, Harmon-Jones, Fearn, 

Sigelman, & Johnson, 2008; Knutson & Peterson, 2005; Knutson & Wimmer, 2007), results 

from the current experiments may also provide novel evidence showing that a hastened 

perception of time to approach-motivated positive states is likely influenced and represented by a 

network of cortical and subcortical structures. 

In Experiment 1, participants completed two temporal bisection tasks, one of the most 

widely used measures of time perception, in which participants judge various stimuli as being 

displayed for a long or short duration (Gable & Poole, 2012; Gil & Droit-Volet, 2009; Gil, 

Rousset, & Droit-Volet, 2009; Tipples, 2010).  Consistent with past research, I asked participants 
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in the first temporal bisection task to view and judge the display duration of neutral and high 

approach-motivated pictures while EEG activity was recorded.  To expand this research, I 

designed a modified temporal bisection task to test whether changes in the perception of time 

also occur between approach-motivated positive states.  In this temporal bisection task, 

participants judged the amount of time that passed between the presentation (intervals) of neutral 

and high approach-motivated positive pictures while EEG activity was recorded. 

In Experiment 2, I sought to extend the results from Experiment 1.  Specifically, I 

showed participants different neutral stimuli (geometric shapes) and presented a different 

number of trials in two temporal bisection tasks to test whether hastened time perception to 

approach-motivated positive (vs. neutral) pictures would occur if different methods were used. 

Hypotheses 

Picture ratings.  Measuring participants’ ratings of valence (positivity/negativity) and 

motivational tendency (move toward/away) to the high approach-motivated positive pictures and 

neutral pictures served as a manipulation check.  I predicted that participants rated the high 

approach-motivated pictures as being more positive than the neutral pictures, and that 

participants reported wanting to move toward the high approach-motivated positive pictures 

more than the neutral pictures. 

Temporal bisection tasks.  For the standard temporal bisection tasks, I predicted that 

participants judged high approach-motivated positive pictures as being displayed for a shorter 

time than neutral pictures (Gable & Poole, 2012).  For the modified temporal bisection tasks, I 

predicted that the high approach-motivated positive affect caused by the pictures would carry 

over into the intervals after picture presentation, leading to a hastened perception of time.  This 

hypothesis is supported by studies showing that taking breaks during pleasant experiences will 
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positively enhance the experience and deter adaptation to the positive affect (Nelson & Meyvis, 

2008).  Alternatively, showing and then briefly removing the approach-motivated positive 

pictures may cause participants to experience frustration, leading to a slowed perception of time.  

Contingent negative variation.  Based on past research showing that the contingent 

negative variation (CNV) is associated with motivation and timing expectation (McAdam et al., 

1969; van Rijn et al., 2011), and that more intense stimuli produce larger event-related potential 

amplitudes than less intense or neutral stimuli (Bartholow & Amodio, 2009), I predicted that 

high approach-motivated positive pictures/intervals produced larger CNV amplitudes than 

neutral pictures.  However, given that some past research has shown affective (vs. neutral) 

pictures produced smaller CNV amplitudes (Gan et al., 2009), I may also see this pattern of 

results in my data. 

In addition, I predicted that larger CNV amplitudes to high approach-motivated positive 

(vs. neutral) pictures/intervals were related to hastened time perception to the positive pictures.  I 

also predicted that higher ratings of positivity or motivational tendency would relate to larger 

CNV amplitudes to the positive pictures. 

Alpha-delta frequency oscillations.  Based on past research showing alpha-delta 

frequencies reflect increased cortico-subcortical activity in the behavioral activation system 

(Schutter et al., 2006), I predicted that high approach-motivated positive pictures/intervals 

produced a lower alpha-to-delta ratio than neutral pictures.  I also predicted that alpha-delta 

power and picture type would interactively predict changes in time perception to the high 

approach-motivated positive (vs. neutral) pictures/intervals. 

Frontal asymmetry.  Based on past research showing individual differences or responses 

may interact with picture type to predict frontal asymmetry  (Gable & Harmon-Jones 2008b; 
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Harmon-Jones, 2006, 2007), I predicted that hastened time perception and picture type would 

interactively relate to frontal asymmetry activation to the high approach-motivated positive 

pictures.  I also predicted that CNV amplitudes and picture type would interactively relate to 

frontal asymmetry activation to the positive pictures.  
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EXPERIMENT 1A 

Methodology 

Thirty-five right-handed introductory psychology students (19 females, 16 males) 

participated in exchange for partial course credit.  Handedness was assessed based on participant 

self-report of hand dominance and behavioral inspection (e.g., writing and button presses).  EEG 

electrodes were applied after participants completed informed consent. 

Participants’ perception of time was measured using a temporal bisection task in which 

participants judge various stimuli as being displayed for a long or short duration (Gable & Poole, 

2012; Gil & Droit-Volet, 2009; Gil et al., 2009; Tipples, 2010).  The task consisted of a training 

phase and a testing phase.  In the training phase, participants were shown examples of short (400 

ms) and long (1,600 ms) display durations using a neutral image.  Then, participants practiced 

judging short and long durations while viewing an additional four short and four long 

presentations of the neutral image.  Participants then viewed the bisection task instructions one 

more time before beginning the testing phase.  

In the testing phase, participants performed the same temporal bisection task while 

viewing different picture types: neutral pictures (rocks) and high approach-motivated positive 

pictures (delicious desserts; Gable & Harmon-Jones, 2008a) taken from the Internet and the 

International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2005).
3
  Each picture 

was displayed for one of seven durations: the two standard durations (400 and 1,600 ms) and five 

intermediate durations (600, 800, 1,000, 1,200, and 1,400 ms).  Using multiple display durations 
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allows for detection of a threshold at which the display time is most sensitive to perceptual 

judgments of time. 

Participants viewed 140 trials of neutral and high approach-motivated positive pictures 

while EEG activity was recorded.  For each picture, participants were asked to judge whether the 

picture was displayed for a short or a long amount of time.  Assessment of time perception in this 

task was based on the proportion of long (as opposed to short) judgments.  Thus, higher 

proportions indicate slower perceptions of time.  Two participants were excluded from analyses 

due to not following instructions, and three participants were excluded from analyses because 

they reported finding the neutral pictures high in positivity and approach motivation. 

Following the time bisection task, participants reported emotive reactions to the pictures, 

indicating picture valence (1 = positive; 9 = negative) and motivational tendency (1 = move 

toward; 9 = move away) on a computer keyboard. 

EEG assessment and processing.  Electroencephalography, recorded with 59 tin 

electrodes mounted in a stretch lycra cap (Electro-Caps, Eaton, OH), was referenced to the left 

earlobe.  A ground electrode was mounted midway between FPZ and FZ.  Electrode impedances 

were under 5,000 Ω and homologous sites were within 1,000 Ω of each other.  Signals were 

amplified with Neuroscan SynAmps RT amplifier unit (El Paso, TX), low-pass filtered at 100 

Hz, high-pass filtered at 0.05 Hz, notch filtered at 60-Hz, and digitized at 2,000 Hz.  Artifacts 

(e.g., aberrant signals due to muscle movement or large non-blink eye movements) were 

removed by hand.  Then, a regression-based eye movement correction was applied to remove eye 

blinks (Semlitsch, Anderer, Schuster, & Presslich, 1986), after which the data were visually 

inspected once again to ensure proper correction.  



   

 

21 
 

CNV assessment.  Data were epoched 100 ms before picture onset until 1,600 ms after 

picture onset and re-referenced using a common average reference.  Data were filtered with a 

low pass of 35 Hz.  Aggregated waveforms for each picture type were created and baseline 

corrected using the pre-stimulus interval.  CNV amplitude was measured as the mean EEG 

activity within a window of 250 – 500 ms (Gan et al., 2009; Gontier et al., 2007).  Because past 

research indicated that CNV amplitudes are most prominent at frontal-central sites (Ng et al., 

2011; Pfeuty, Ragot, & Pouthas, 2003), I examined CNV amplitudes using an index of sites 

FCZ, FC1, FC2, FC3, and FC4 for all experiments. 

Alpha-delta power and frontal asymmetry assessment.  Power spectra epochs 2.05 s 

in duration were extracted through a Hamming window (50% taper of distal ends).  Data were 

re-referenced using a common average reference.  Consecutive epochs were overlapped by 50% 

to minimize data loss due to windowing.  Power values within the delta band (1-4 Hz) and the 

alpha band (8-13 Hz) were obtained using event-related band power and aggregated across 

picture type for all seven picture/interval durations.  Values for the alpha and delta frequencies 

were then logarithmically transformed across all electrode locations.  To assess the coupling 

between the alpha and delta frequencies, I computed an alpha-delta frequency ratio by dividing 

participants’ alpha band power by their delta band power.  Lower numbers indicate greater 

alpha-to-delta power, greater cortico-subcortical crosstalk, and greater relative activity within the 

behavioral activation system (Knyazev et al., 2003). 

For frontal asymmetry, I computed asymmetry indexes (log right minus log left) for all 

homologous sites.  Based on previous research examining asymmetrical EEG activity at frontal 

sites (Gable & Harmon-Jones, 2008b), frontal asymmetry was assessed using an index at frontal 
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sites (FC4/FC3, FC2/FC1).  Because alpha power is inversely related to cortical activity 

(Lindsley & Wicke, 1974), higher numbers indicate greater relative left hemisphere activity. 

Because past research examining the effect of approach motivation on EEG power bands 

and frontal asymmetry utilized pictures displayed for at least one second (e.g., Gable & Harmon-

Jones, 2008b), I chose to analyze alpha-delta power and frontal asymmetry data from pictures 

that were displayed for at least one second and only during the most sensitive display duration.  
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RESULTS 

Picture ratings 

Participants rated the high approach-motivated pictures (M = 3.44, SD = 1.46) as being 

more positive than the neutral pictures (M = 5.56, SD = 0.88), t(29) = 7.15, p < .0001, d = 1.75.  

In addition, participants reported wanting to move toward the high approach-motivated pictures 

(M = 3.49, SD = 1.16) more than the neutral pictures (M = 5.78, SD = 0.98), t(29) = 9.07, p < 

.0001, d = 2.12.  These results indicate that the dessert (vs. neutral) pictures were effective at 

creating a positive state of approach motivation. 

Time bisection task 

A 2 (picture type) × 7 (picture duration) repeated-measures ANOVA revealed a non-

significant main effect for picture type, F(1, 29) = 2.52, p = .12.  The main effect for picture 

duration was significant, F(6, 174) = 355.25, p < .0001, p
2
 = .92, which indicated that 

participants estimated picture display durations accurately.  The interaction between picture type 

and duration was also non-significant, F(6, 174) = 1.10, p = .36.  Post-hoc analyses using 

Fisher’s LSD revealed that participants showed the most variance in duration judgments when 

pictures were displayed for 1,000 ms, p < .05.  Because this display time was most sensitive to 

perceptual judgments of time between the picture types, subsequent regression and correlation 

analyses with EEG measures investigated responses during this duration. 

CNV amplitudes 

A 2 (picture type) × 7 (picture duration) repeated-measures ANOVA revealed a 

significant main effect for picture type, F(1, 28) = 22.24, p < .0001, p
2
 = .44, such that CNVs 
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were larger to neutral pictures than to high approach-motivated pictures (Figure 1).  The main 

effect for display duration was not significant, F(6, 168) = 1.09, p = .37.  The interaction 

between picture type and duration was also non-significant, F(6, 168) = 0.55, p = .77 (see Table 

1). 

Using the most sensitive display duration in the time bisection task, I also sought to test 

whether neutral or high approach-motivated positive pictures displayed for 1,000 ms produced 

differences in CNV amplitudes.  Results revealed that CNV amplitudes were larger to neutral 

(vs. high approach-motivated positive) pictures, t(28) = 2.24, p = .03, d = .32.  In addition, I 

sought to test whether participants’ ratings of valence or approach motivation related to CNV 

amplitudes to the pictures displayed for 1,000 ms.  Participants’ ratings of valence did not relate 

to CNVs to the approach-positive pictures (rs < .23, ps > .24) or the neutral pictures, rs < .17, ps 

> .39.  Similarly, participants’ ratings of approach motivation did not relate to CNVs to the 

approach-positive pictures (rs < .04, ps > .84) or the neutral pictures, rs < .09, ps > .67. 

Based on past research suggesting a positive relationship between longer presentations of 

stimuli and larger CNV amplitudes (Macar et al., 1999), I also sought to examine whether CNV 

amplitudes increased linearly from the 400 – 1,600 ms durations for each picture type.  Two 7 

(neutral picture duration) × 1 ANOVAs revealed no linear increase in CNV amplitudes for the 

approach-motivated positive or the neutral pictures, Fs < 0.92, ps > .48.  These results suggest 

that the size of CNV amplitudes may not always reflect the length of stimulus presentation. 

Alpha-delta ratio 

To examine where alpha-delta power was maximal for pictures displayed for 1,000 ms, I 

examined alpha-delta power aggregated across picture type at indices of frontal-central, central-

parietal, and parietal-occipital sites (frontal: FCZ, FC1, FC2, FC3, and FC4; central-parietal: 
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CPZ, CP1, CP2, CP3, and CP4; occipital: POZ, PO3, PO4, PO5, and PO6).  A 2 (picture type) × 

3 (frontal-central, central-parietal and parietal-occipital indexes) repeated-measures ANOVA 

revealed a non-significant main effect for picture type, F(1, 28) = 0.66, p = .42.  However, the 

main effect for index location was significant, F(2, 56) = 7.64, p < .01, p
2
 = .21.  Follow-up 

analyses indicated that frontal-central sites had lower alpha-delta power than central-parietal 

sites (p < .001) and marginally less alpha-delta power than parietal-occipital sites, p = .07.  

Parietal-occipital sites had less alpha-delta power than central-parietal sites, p = .04.  The 

interaction between picture type and index location was non-significant, F(2, 56) = 0.06, p = .94.   

Consistent with past research (see Knyazev, 2007), alpha-delta power was maximal at 

anterior frontal-central sites.  Therefore, the frontal-central index was used for subsequent alpha-

delta analyses.  At frontal-central sites, alpha-delta power was similar to high approach-

motivated positive pictures and neutral pictures displayed for 1,000 ms, t(28) = 0.34, p = .74.  To 

test the prediction that alpha-delta power to approach-positive and neutral pictures would relate 

to changes in time perception, I conducted a regression analysis in which alpha-delta power and 

picture type were used to interactively predict changes in time perception.  The interaction was 

not significant, F(1, 25) = 0.62, p = .44.  Alpha-delta power to approach-positive pictures was 

not related to time perception to the positive pictures, partial r = .11, p = .58, controlling for time 

perception to neutral pictures.  In addition, alpha-delta power to both picture types was not 

related to time perception to either picture type (rs < .25, ps > .19), or to an index of time 

perception to pictures displayed for 1,000 ms, rs < .26, ps > .17. 

To test the prediction that alpha-delta power to approach-positive and neutral pictures 

would relate to changes in CNV amplitude, I conducted a regression analysis in which alpha-

delta power and picture type were used to interactively predict changes in CNVs.  The 
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interaction was not significant, F(1, 25) = 2.19, p = .15.  Alpha-delta power to approach-positive 

pictures was not related to CNVs to the positive pictures, partial r = -.00, p = .99, controlling for 

CNVs to neutral pictures. 

Frontal asymmetry 

A dependent-samples t test indicated no significant difference between frontal asymmetry 

for the approach-positive and neutral pictures displayed for 1,000 ms, t(28) = 0.64, p = .53.  To 

test the prediction that frontal asymmetry to approach-positive and neutral pictures would relate 

to changes in time perception, I conducted a regression analysis in which frontal asymmetry and 

picture type were used to interactively predict changes in time perception.  The interaction was 

not significant, F(1, 25) = 0.11, p = .75.  Frontal asymmetry to approach-positive pictures was 

not related to time perception to the positive pictures, partial r = .33, p = .09, controlling for time 

perception to neutral pictures.  In addition, frontal asymmetry to both picture types was not 

related to time perception to either picture type (rs < .16, ps > .40), or to an index of time 

perception to pictures displayed for 1,000 ms, rs < .05, ps > .82. 

To test the prediction that frontal asymmetry to approach-positive and neutral pictures 

would relate to changes in CNV amplitude, I conducted a regression analysis in which frontal 

asymmetry and picture type were used to interactively predict changes in CNVs.  The interaction 

was not significant, F(1, 25) = 3.15, p = .09.  Frontal asymmetry to approach-positive pictures 

was not related to CNVs to the positive pictures, partial r = -.20, p = .31, controlling for CNVs 

to neutral pictures. 

Discussion 

Experiment 1A revealed that participants perceived time passing similarly during the 

high approach-motivated positive and neutral pictures.  In addition, CNV amplitudes were larger 
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to neutral (vs. positive) pictures.  Alpha-delta power was similar between positive and neutral 

pictures. Neither alpha-delta power nor frontal asymmetry predicted changes in time perception 

or CNV amplitude.  
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EXPERIMENT 1B 

Methodology 

In Experiment 1B, I tested whether anticipated appetitive (vs. neutral) states would 

influence time perception.  Thirty-five participants (from Experiment 1A) completed a modified 

temporal bisection task, in which they judged how much time passed between (rather than 

during) the display of two pictorial stimuli.  The modified bisection task consisted of a training 

phase and a testing phase.  In the training phase, participants were shown a neutral picture 

followed by examples of short (400 ms) and long (1,600 ms) durations of time when nothing was 

presented on the screen (i.e., intervals).  The same neutral picture then reappeared on the screen.   

In the testing phase, participants viewed 140 trials consisting of neutral pictures (rocks) 

and high approach-motivated positive pictures (delicious desserts; Gable & Harmon-Jones, 

2008a).  The first image in the pair was always presented for one second, and the second image 

in the pair was always presented for three seconds.  Each interval between picture presentations 

lasted for one of seven durations: the two standard durations (400 and 1,600 ms) and five 

intermediate durations (600, 800, 1,000, 1,200, and 1,400 ms).  The inter-trial interval was one 

second.  Two participants were excluded from analyses due to not following instructions during 

the task.  Six participants were excluded from analyses due to equipment failure.  Finally, all 

participants were carefully debriefed.  None reported suspicion with the experiment. 

EEG assessment and processing.  All EEG data were processed using methods similar 

to those used in Experiment 1A.  Visual inspection of the EEG data detected excessive noise 
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between presentations of the pictures.  This noise, which may have been caused by the rapid 

presentation and removal of pictorial stimuli, prevented measurement of the CNV.    



   

 

30 
 

 

 

RESULTS 

Picture ratings 

Participants’ emotive ratings for pictures used in Experiment 1B were the same as those 

reported in Experiment 1A.  

Time bisection task 

A 2 (picture type) × 7 (interval duration) repeated-measures ANOVA revealed a non-

significant main effect for picture type, F(1, 23) = 0.42, p = .52, indicating no difference in 

judgments for intervals between high approach-motivated positive (vs. neutral) pictures.  The 

main effect for interval duration was significant, F(6, 138) = 137.43, p < .0001, p
2
 = .86, which 

indicated that participants estimated interval display durations accurately during the modified 

bisection task.  The interaction between picture type and duration was not significant, F(6, 138) 

= 1.27, p = .28.  Post-hoc analyses revealed that participants showed the most variance in 

duration judgments when intervals were displayed for 800 ms, p = .06.  Because this interval 

duration was most sensitive to perceptual judgments of time between picture types, subsequent 

regression and correlation analyses with EEG measures investigated responses during this 

duration. 

Alpha-delta ratio 

To examine where alpha-delta power was maximal for intervals displayed for 800 ms, I 

examined alpha-delta power aggregated across picture type at indices of frontal-central, central-

parietal and parietal-occipital sites.  A 2 (picture type) × 3 (frontal-central, central-parietal and 

parietal-occipital indexes) repeated-measures ANOVA revealed a non-significant main effect for 
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picture type, F(1, 23) = 1.61, p = .22.  The main effect for index location was significant, F(2, 

46) = 12.67, p < .0001, p
2
 = .36.  Consistent with Experiment 1A, follow-up analyses indicated 

that frontal-central sites had lower alpha-delta power than central-parietal sites (p < .0001) and 

parietal-occipital sites, p < .0001.  Parietal-occipital sites had lower alpha-delta power than 

central-parietal sites, p = .03.  The interaction between picture type and index location was not 

significant, F(2, 46) = 0.51, p = .60.   

Because alpha-delta power was maximal at frontal-central sites, the frontal-central index 

was used for subsequent alpha-delta analyses.  At frontal-central sites, alpha-delta power was 

similar to intervals between high approach-motivated positive and neutral pictures, t(23) = 1.42, 

p = .17.  To test the prediction that alpha-delta power to approach-positive and neutral pictures 

would relate to changes in time perception, I conducted a regression analysis in which alpha-

delta power and picture type were used to interactively predict changes in time perception.  The 

interaction was not significant, F(1, 20) = 0.01, p = .93.  Alpha-delta power to approach-positive 

pictures was not related to time perception to the positive pictures, partial r = -.07, p = .75, 

controlling for time perception to neutral pictures.  In addition, alpha-delta power to both picture 

types was not related to time perception to either picture type (rs < -.27, ps > .21), or to an index 

of time perception to intervals displayed for 800 ms, rs < -.21, ps > .33. 

Frontal asymmetry 

A dependent-samples t test indicated no significant difference between frontal asymmetry 

for the intervals between approach-positive and neutral pictures, t(23) = 1.17, p = .25.  To test 

the prediction that frontal asymmetry to intervals between approach-positive and neutral pictures 

would relate to changes in time perception, I conducted a regression analysis in which frontal 

asymmetry and picture type were used to interactively predict changes in time perception.  The 
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interaction was not significant, F(1, 20) = 0.17, p = .69.  Frontal asymmetry to intervals between 

approach-positive pictures was not related to time perception to intervals between approach-

positive pictures, partial r = .15, p = .49, controlling for time perception to intervals between 

neutral pictures.  In addition, frontal asymmetry to both picture types was not related to time 

perception to either picture type (rs < .37, ps > .07), or to an index of time perception to intervals 

displayed for 800 ms, rs < .37, ps > .07. 

Discussion 

 Experiment 1B revealed that participants perceived time passing similarly during the 

intervals between high approach-motivated positive and neutral pictures.  In addition, CNV 

amplitudes could not be measured due to noise in the EEG signal.  Alpha-delta power was 

similar between positive and neutral pictures, and neither alpha-delta power nor frontal 

asymmetry predicted changes in time perception. 

Because the results of Experiment 1A and 1B failed to replicate previous findings (e.g., 

Gable & Poole, 2012) and provided many non-significant results, I conducted a second pair of 

experiments to test whether changes in picture content and number of trials in the time bisection 

task would influence time perception and EEG measures.  In Experiment 2A and 2B, participants 

completed two time bisection tasks containing different neutral pictures (geometric shapes rather 

than rocks) and high approach-motivated positive pictures (delicious desserts), and a different 

number of trials (126 rather than 140).  
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EXPERIMENT 2A 

Methodology 

 Fifty-one right-handed introductory psychology students (38 females, 13 males) 

participated in exchange for partial course credit.  After completing informed consent, 

participants completed a temporal bisection task similar to that in Experiment 1A, except that 

participants viewed 126 trials of different neutral pictures (geometric shapes) and high approach-

motivated positive pictures.  One participant was excluded from analyses due to equipment 

malfunction.   

While EEG activity was recorded, participants judged whether each neutral or high 

approach-motivated positive picture was displayed for a short or long amount of time.  

Assessment of time perception was based on the number of long (vs. short) judgments, with 

higher scores indicating a slower perception of time.  All other methods were similar to those 

used in Experiment 1A.
4
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RESULTS 

Time bisection task 

A 2 (picture type) × 7 (picture duration) repeated-measures ANOVA revealed a 

significant main effect for picture type, F(1, 50) = 4.22, p = .05, p
2
 = .03, such that participants 

judged the high approach-motivated positive pictures as being displayed for a shorter time than 

the neutral pictures.  There was also a significant main effect for duration, F(6, 300) = 600.18, p 

< .0001, p
2
 = .92, which indicated that participants estimated time accurately.  That is, the 

longer a stimulus was presented, the more likely participants were to judge it as being displayed 

for a long amount of time.  The interaction between picture type and duration was also 

significant, F(6, 300) = 2.29, p = .04, p
2
 = .04; this finding indicates that time estimation varied 

as a function of picture type and duration. 

Post-hoc analyses using Fisher’s LSD revealed that participants showed the most 

variance in duration judgments when pictures were displayed for 1,200 ms, p < .01.
5
  Because 

this display time was most sensitive to perceptual judgments of time between picture types, 

subsequent regression and correlation analyses with EEG measures investigated responses during 

this duration. 

CNV amplitudes 

A 2 (picture type) × 7 (picture duration) repeated-measures ANOVA revealed a 

significant main effect for picture type, F(1, 44) = 78.50, p < .0001, p
2
 = .64, such that CNVs 

were larger to high approach-motivated positive pictures than to neutral pictures (Figure 2).  The 

main effect for duration was not significant, F(6, 264) = 0.58, p = .74.  The interaction between 



   

 

35 
 

picture type and duration was marginally significant, F(2, 264) = 1.98, p = .07, p
2
 = .04 (see 

Table 2).  These results suggest that the high approach-motivated positive pictures elicited more 

motivated or temporal processing than the neutral pictures. 

Using the most sensitive display duration in the time bisection task, I also sought to test 

whether neutral or high approach-motivated positive pictures displayed for 1,200 ms produced 

differences in CNV amplitudes.  Results revealed that CNV amplitudes were larger to high 

approach-motivated positive (vs. neutral) pictures, t(48) = 6.10, p < .0001, d = .86.  

To test the prediction that CNV amplitudes to approach-positive and neutral pictures 

would relate to changes in time perception, I conducted a regression analysis following the 

methods of Aiken and West (1991) in which CNV amplitudes and picture type were used to 

interactively predict changes in time perception.  The interaction was not significant, F(1, 45) = 

2.91, p = .10.  CNV amplitudes to approach-positive pictures were not related to time perception 

to the positive pictures, partial r = -.19, p = .20, controlling for time perception to neutral 

pictures. 

Based on past research suggesting a positive relationship between longer presentations of 

stimuli and larger CNV amplitudes (Macar et al., 1999), I also sought to examine whether CNV 

amplitudes increased linearly from the 400 – 1,600 ms durations for each picture type.  Two 7 

(neutral picture duration) × 1 ANOVAs revealed no linear increase in CNV amplitudes for the 

approach-motivated positive or the neutral pictures, Fs < 1.18, ps > .32.  These results suggest 

that the size of CNV amplitudes may not always reflect the length of stimulus presentation. 

Alpha-delta ratio 

To examine where alpha-delta power was maximal for pictures displayed for 1,200 ms, I 

examined alpha-delta power aggregated across picture type at indices of frontal-central, central-
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parietal and parietal-occipital sites (frontal: FCZ, FC1, FC2, FC3, and FC4; central-parietal: 

CPZ, CP1, CP2, CP3, and CP4; occipital: POZ, PO3, PO4, PO5, and PO6).  A 2 (picture type) × 

3 (frontal-central, central-parietal and parietal-occipital indexes) repeated-measures ANOVA 

revealed a significant main effect for picture type, F(1, 44) = 20.96, p < .001, p
2
 = .32, such that 

high approach-motivated positive pictures produced lower alpha-delta power than neutral 

pictures.  The main effect for index location was also significant, F(2, 88) = 5.67, p < .01, p
2
 = 

.11.  Follow-up analyses indicated that frontal-central sites had lower alpha-delta power than 

central-parietal sites (p = .01) and parietal-occipital sites, p < .01.  Central-parietal sites and 

parietal-occipital sites had similar alpha-delta power, p = .54.  The interaction between picture 

type and index location was also significant, F(2, 88) = 9.07, p < .001, p
2
 = .17.  Together, these 

results suggest that the high approach-motivated positive (vs. neutral) pictures caused greater 

activation of cortico-subcortical processes and the behavioral activation system within frontal-

central sites.   

Because alpha-delta power at frontal-central sites was most sensitive to high approach-

motivated (vs. neutral) pictures, the frontal-central index was used for subsequent alpha-delta 

analyses.  At frontal-central sites, alpha-delta power to high approach-motivated positive pictures 

was lower than to neutral pictures, t(44) = 4.33, p < .0001, d = .44.  To test the prediction that 

alpha-delta power to approach-positive and neutral pictures would relate to changes in time 

perception, I conducted a regression analysis in which alpha-delta power and picture type were 

used to interactively predict changes in time perception.  The interaction was not significant, F(1, 

41) = 0.10, p = .75.  Alpha-delta power to approach-positive pictures was not related to time 

perception to the positive pictures, partial r = -.05, p = .73, controlling for time perception to 

neutral pictures.  In addition, alpha-delta power to neutral pictures was related to time perception 
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to neutral pictures (r = -.37, p = .01) and an index of time perception to all pictures displayed for 

1,200 ms (r = -.36, p = .01), but not to approach-positive pictures displayed for 1,200 ms, r = -

.26, p = .08.  Alpha-delta power to approach-positive pictures was not related to time perception 

to approach-positive pictures (r = -.19, p = .20), but was related to neutral pictures (r = -.33, p = 

.03) and an index of time perception to all pictures displayed for 1,200 ms, r = -.30, p = .05. 

To test the prediction that alpha-delta power to approach-positive and neutral pictures 

would relate to changes in CNV amplitude, I conducted a regression analysis in which alpha-

delta power and picture type were used to interactively predict changes in CNVs.  The 

interaction was not significant, F(1, 41) = 0.48, p = .49.  Alpha-delta power to approach-positive 

pictures was not related to CNVs to the positive pictures, partial r = .21, p = .18, controlling for 

CNVs to neutral pictures. 

Frontal asymmetry 

A dependent-samples t test indicated no significant difference between frontal asymmetry 

for the approach-positive and neutral pictures, t(44) = 0.88, p = .38.  To test the prediction that 

frontal asymmetry to approach-positive and neutral pictures would relate to changes in time 

perception, I conducted a regression analysis in which frontal asymmetry and picture type were 

used to interactively predict changes in time perception.  The interaction was not significant, F(1, 

41) = 0.29, p = .60.  Frontal asymmetry to approach-positive pictures was not related to time 

perception to the positive pictures, partial r = .12, p = .43, controlling for time perception to 

neutral pictures.  In addition, frontal asymmetry to both picture types was not related to time 

perception to either picture type (rs < -.17, ps > .27), or to an index of time perception to pictures 

displayed for 800 ms, rs < -.14, ps > .37. 
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To test the prediction that frontal asymmetry to approach-positive and neutral pictures 

would relate to changes in CNV amplitude, I conducted a regression analysis in which frontal 

asymmetry and picture type were used to interactively predict changes in CNVs.  The interaction 

was not significant, F(1, 41) = 0.15, p = .71.  Frontal asymmetry to approach-positive pictures 

was not related to CNVs to the positive pictures, partial r = .06, p = .72, controlling for CNVs to 

neutral pictures. 

Discussion 

Experiment 2A revealed that participants perceived a hastening of time during the high 

approach-motivated positive (vs. neutral) pictures.  Consistent with predictions, CNV amplitudes 

were larger and alpha-delta power was lower to positive (vs. neutral) pictures.  However, neither 

alpha-delta power nor frontal asymmetry predicted changes in time perception or CNV 

amplitude.  
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EXPERIMENT 2B 

Methodology 

Fifty-one participants (from Experiment 2A) completed a modified temporal bisection 

task, in which they judged whether the interval between two neutral or high approach-motivated 

positive pictures was displayed for a short or long amount of time.  Data from two participants 

were excluded from analyses due to equipment malfunction. 

All other methods were similar to those used in Experiment 1B.  Similarly, excessive 

noise in the EEG signal prevented the CNV from being clearly measured.  
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RESULTS 

Time bisection task 

A 2 (picture type) × 7 (interval duration) repeated-measures ANOVA revealed a 

significant main effect for picture type, F(1, 49) = 7.36, p = .01, p
2
 = .13, such that participants 

judged the intervals between high approach-motivated positive pictures as being displayed for a 

shorter time than the intervals between neutral pictures.  There was also a significant main effect 

for duration, F(6, 294) = 263.17, p < .0001, p
2
 = .84, which indicated that participants estimated 

interval duration accurately in the modified bisection task.  The interaction between picture type 

and duration was also significant, F(6, 294) = 2.34, p = .03, p
2
 = .05 (see Figure 3). 

Post-hoc analyses using Fisher’s LSD revealed that participants showed the most 

variance in duration judgments when pictures were displayed for 1,200 ms, p < .0001.  Because 

this display time was most sensitive to perceptual judgments of time between picture types, 

subsequent regression and correlation analyses with EEG measures investigated responses during 

this duration. 

Alpha-delta ratio 

To examine where alpha-delta power was maximal for intervals displayed for 1,200 ms, I 

examined alpha-delta power aggregated across picture type at indices of frontal-central, central-

parietal and parietal-occipital sites.  A 2 (picture type) × 3 (frontal-central, central-parietal and 

parietal-occipital indexes) repeated-measures ANOVA revealed a non-significant main effect for 

picture type, F(1, 47) = 0.07, p = .79.  However, the main effect for index location was 

significant, F(2, 94) = 15.61, p < .0001, p
2
 = .25.  Follow-up analyses indicated that frontal-
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central sites had similar alpha-delta power as central-parietal sites (p = .70) but lower alpha-delta 

power than parietal-occipital sites, p < .0001.  Central-parietal sites also had lower alpha-delta 

power than parietal-occipital sites, p < .0001.  The interaction between picture type and index 

location was non-significant, F(2, 94) = 0.46, p = .63. 

Because alpha-delta power is commonly measured at frontal-central sites (see Knyazev, 

2007), the frontal-central index was used for subsequent alpha-delta analyses.  At frontal-central 

sites, alpha-delta power was similar to high approach-motivated positive and neutral intervals, 

t(44) = 0.33, p = .74.  To test the prediction that alpha-delta power to intervals between 

approach-positive and neutral pictures would relate to changes in time perception, I conducted a 

regression analysis in which alpha-delta power and picture type were used to interactively 

predict changes in time perception.  The interaction was not significant, F(1, 43) = 0.00, p = .99.  

Alpha-delta power to intervals between approach-positive pictures was not related to time 

perception during the intervals between approach-positive pictures, partial r = .15, p = .30, 

controlling for time perception to intervals between neutral pictures.  In addition, alpha-delta 

power to both picture types was not related to time perception to either picture type (rs < -.16, ps 

> .31), or to an index of time perception to intervals displayed for 800 ms, rs < -.06, ps > .73. 

Frontal asymmetry 

A dependent-samples t test indicated no significant difference in frontal asymmetry for 

the intervals between approach-positive and neutral pictures, t(47) = 0.62, p = .54.  To test the 

prediction that frontal asymmetry to intervals between approach-positive and neutral pictures 

would relate to changes in time perception, I conducted a regression analysis in which frontal 

asymmetry and picture type were used to interactively predict changes in time perception.  The 

interaction was not significant, F(1, 44) = 2.29, p = .14.  Frontal asymmetry to intervals between 
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approach-positive pictures was not related to time perception to the intervals between approach-

positive, partial r = .05, p = .73, controlling for time perception to intervals between neutral 

pictures.  In addition, frontal asymmetry to both picture types was not related to time perception 

to either picture type (rs < .16, ps > .27), or to an index of time perception to intervals displayed 

for 800 ms, rs < .08, ps > .60. 

Discussion 

 Experiment 2B revealed that participants perceived a hastening of time during the 

intervals following high approach-motivated positive (vs. neutral) pictures.  In addition, CNV 

amplitudes could not be measured due to noise in the EEG signal.  Alpha-delta power was 

similar between approach-positive and neutral intervals, and neither alpha-delta power nor 

frontal asymmetry predicted changes in time perception.  
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GENERAL DISCUSSION 

In the current experiments, I sought to extend past research by investigating the 

neurophysiological correlates of approach-motivated positive affect hastening the perception of 

time.  Whereas Experiment 1A revealed no differences in time perception between the neutral 

and high approach-motivated positive pictures, Experiment 2A revealed that participants 

experienced a hastened perception of time during presentations of the positive (vs. neutral) 

pictures.   

Another aim of the current experiments was to test whether the interval between 

approach-motivated states or neutral states would also hasten the perception of time.  Whereas 

Experiment 1B revealed no differences in time perception between the picture types, Experiment 

2B revealed that participants experienced a hastened perception of time between presentations of 

the positive (vs. neutral) pictures.  Why might this have happened?  Perhaps the positive affect 

from the first dessert picture carried over into the interval between pictures, increasing approach 

motivation and hastening participants’ perception of time.  Alternatively, the first dessert picture 

in the pair may have caused participants to anticipate the appearance of the second dessert 

picture, or may have caused participants to think about the dessert throughout the intervals.  

Broadly, these results support past research showing that brief intervals between pleasant 

experiences may positively enhance the experience rather than detract from it (Nelson & Meyvis, 

2008).  

Results of Experiment 2 were consistent with past research, whereas results of 

Experiment 1 did not reveal an effect between picture types on time perception.  Typically, the 
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main reasons for finding such null effects include a lack of statistical power (Cohen, 1992), an 

unreliable or insensitive dependent measure, or weak manipulation of an independent variable 

(Cozby & Bates, 2011).  It is unlikely that differences between the current experiments can be 

explained by differences in statistical power, as both experiments exceeded the number of 

participants needed to detect differences between picture types.  It is also unlikely that the 

current null effects were caused by an unreliable or insensitive dependent measure, because the 

current experiments utilized time bisection tasks that have reliably found differences in time 

perception using various types of stimuli (Gil & Droit-Volet, 2009; Gil, Rousset, & Droit-Volet, 

2009; Tipples, 2010).  Of the three potential reasons for finding null effects, the most likely 

reason for a null effect in Experiment 1 is that the pictures were not strong enough to produce 

differences in time perception.  Perhaps participants in Experiment 1 perceived the various types 

of rocks as unusual, which could have caused a slight hastening of time perception.  In addition, 

it is possible that the complexity or colors of the rocks (vs. the simplicity of the geometric shapes 

used in Experiment 2) could explain the null effects found in Experiment 1.  Nevertheless, when 

the neutral pictures were changed in Experiment 2, results revealed that the high approach-

motivated positive (vs. neutral) pictures hastened the perception of time. 

In addition, the current results are unlikely to be due to arousal, per se.  Past research has 

demonstrated that positive states high in arousal and high in approach motivation have the 

opposite effect on time perception as negative states high in arousal and high in withdrawal 

motivation (Gable & Poole, 2012).  These results are consistent with the idea that the impact of 

affect on time perception is not due to arousal, but is instead due to motivational direction.  

The observed effects are also unlikely due to cognitive processing speed or differences in 

engagement.  Cognitive processing is thought to increase with high arousal levels, because 
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highly arousing stimuli tend to capture and maintain attentional processing (Easterbrook, 1959).  

However, time perception does not appear to be driven by speed or depth of processing.  Gable, 

Browning, and Poole (2014) manipulated approach- and withdrawal-motivated states in the same 

negative affect.  Presumably, similar affective states should evoke similar levels of engagement 

and speed of processing.  However, as opposed to the null effect predicted by a cognitive 

processing perspective, approach-motivated negative states caused time to pass more quickly 

than withdrawal-motivated negative states.  Together with the current findings, these results 

suggest that motivational direction is responsible for changes in the perception of time. 

EEG Measures of Approach Motivation and Time Perception 

In Experiment 1A, CNV amplitudes were larger to the neutral pictures than the high 

approach-motivated positive pictures.  However, it is difficult to interpret these results because 

the pictures did not alter participants’ perception of time.  Conversely, results from Experiment 

2A were consistent with predictions derived from past research: CNV amplitudes were larger to 

the high approach-motivated positive pictures than the neutral pictures.  Differences in these 

results also suggest that the content of the neutral pictures may have significantly influenced 

participants’ perception of time in both experiments. 

Larger CNVs to approach-motivated positive pictures may indicate emergence of 

motivated processing that may reflect temporal processing (Brunia & van Boxtel, 2001; 

McAdam et al., 1969; Tecce, 1972; van Rijn et al., 2011; Walter et al., 1964).  This brief state 

may reduce attention toward temporal information and cause a subsequent hastening of time 

perception (Gable & Poole, 2012).  However, the current results do not provide clear support for 

this interpretation.  In addition, because the timeframe of the event-related potential in which the 

CNV occurs is related to other event-related potential components examining motivated 
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attention, clear interpretation of the CNV remains difficult.  Future research should continue to 

examine the exact role of the CNV using direct manipulations of approach motivation (e.g., 

Gable & Harmon-Jones, 2008a) in time bisection paradigms. 

 In Experiment 2A, alpha-delta power was strongest at frontal-central sites and was 

significantly lower to the approach-motivated positive (vs. neutral) pictures.  Consistent with 

predictions, these results suggest that approach-motivated affects may reflect activity of both 

cortical processes (e.g., attention, time-keeping) and subcortical processes (e.g., motivation) 

within the behavioral activation system (Knyazev & Slobodskaya, 2003; Schutter & Knyazev, 

2012).  However, because these results were not found in Experiment 2B, additional research 

should be conducted to support this interpretation. 

Frontal asymmetry did not differ between picture types in any experiment.  These results 

are consistent with past research showing no difference in left-frontal (vs. right-frontal) 

activation during passive picture-viewing tasks (Gable & Harmon-Jones, 2008b; Harmon-Jones, 

2006, 2007).  In addition, frontal asymmetry was not predicted by changes in time perception or 

CNV amplitude.  One explanation for these results (and those from the alpha-delta power 

analyses) may also be found in past research, where alpha and delta power bands have typically 

been measured when pictures are displayed for longer than one second (Gable & Harmon-Jones, 

2008b).  Extended picture display durations (e.g., 6-12 seconds) are more common in picture-

viewing paradigms, allow more time for participants to experience the approach-motivated 

positive states, and provide more time for the EEG to sufficiently record these states.  However, 

because extended picture display durations would make time-keeping or counting easier for 

participants, they are not used in time bisection tasks (Gil & Droit-Volet, 2009; Gil, Rousset, & 

Droit-Volet, 2009; Tipples, 2010). 
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These results also suggest that the range of display/interval durations used in the time 

bisection tasks (or different tasks all together) may alter neurophysiological responses to 

affective and neutral stimuli.  Ng et al. (2011) measured CNV amplitudes to auditory tones that 

were played for seven durations (i.e., 800, 1,008, 1,270, 1,600, 2,016, 2,540, and 3,200 ms) in a 

time bisection task.  Results revealed that larger CNV amplitudes related to shorter (rather than 

longer) perceived durations, contradicting past research suggesting that CNV amplitudes 

correspond with longer perceived durations (e.g., Macar et al., 1999; Wiener et al., 2012).  

Coupled with the current results showing that the size of CNV amplitudes did not increase 

linearly as display duration increased, these findings suggest that CNV amplitudes and their 

relation to perceived duration may be contingent on the type and parameters of the chosen time-

measurement task.  

Limitations 

 Although the current experiments shed new light on the relationship between approach 

motivation and time perception, they are not without limitations.  For example, the current 

experiments did not utilize a low approach-motivated positive condition to directly test whether 

differences in motivational intensity would alter the behavioral or neurophysiological results.  

However, because past research found no differences in time perception between low approach-

motivated positive and neutral affects (Gable & Poole, 2012, Experiment 1), inclusion of a low 

approach-motivated positive condition was not necessary to demonstrate that motivation (rather 

than valence) hastened participants’ perception of time.  Nevertheless, future research should 

utilize and measure high (vs. low) approach-motivated affects to more fully understand how 

motivational intensity alters the neurophysiological correlates of time perception. 
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Another possible limitation in the current experiments is the utilization of time bisection 

tasks that contain a different number of trials in Experiments 1 and 2.  However, it is unlikely 

that decreasing the number of trials from 140 in Experiment 1 to 126 in Experiment 2 would 

cause the observed differences in time perception.
6
  Past research using time bisection tasks has 

utilized varying numbers of trials, ranging from 252 (Droit-Volet et al., 2004) to 126 (Gil et al., 

2009), and has reliably detected differences in time perception between picture types. 

Finally, the current experiments provided little information about the neurophysiological 

processes that occurred between presentations of the pictures.  Nelson and Meyvis’ (2008) 

research suggested that brief intervals between pleasant experiences would increase positive 

affect, and, consistent with predictions, results of Experiment 2B suggested that participants 

experienced a hastening of time between presentations of the approach-motivated positive 

pictures.  However, analyses of the EEG signal using alpha-delta power and frontal asymmetry 

did not indicate why participants perceived time to pass faster.  The brief display durations used 

in the modified time bisection tasks (Experiments 1B and 2B) may have prevented adequate 

acquisition of the EEG signal, leading to a lack of neurophysiological differences between 

picture types. 

Conclusions 

The common adage “time flies when you are having fun” has been supported by much 

research (Angrilli et al., 1997; Droit-Volet et al., 2010; Gable & Poole, 2012; Noulhiane et al., 

2007).  Results from Experiment 2 support these past findings.  Moreover, findings from 

Experiment 2 extended past results by showing that approach-motivated positive affects alter 

CNV amplitudes and alpha-delta power.  Broadly, these results  highlight the importance of 

incorporating motivational direction into behavioral and neurophysiological studies on affective 
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valence (Harmon-Jones et al., 2013).  A more complete examination of positive affects and their 

relationships with time perception will assist not only in better understanding affect-cognition 

interactions, but also may have important applications for related behaviors and performance.  
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FOOTNOTES 

1. Whereas positive states hasten the perception of time, negative states such as anxiety and fear 

slow the perception of time.  Participants with high (vs. low) levels of test anxiety reported 

time passing slower when they anticipated taking a test and while they were taking a test 

(Sarason & Stoops, 1978).  Cancer patients who reported having a low quality of life, less 

spiritual well-being, and higher levels of anxiety judged a span of time as passing slower than 

other patients (Wittmann, Vollmer, Schweiger, & Hiddemann, 2006).  Watts and Sharrock 

(1984) found that spider-phobic participants who were asked to look at spiders for 45 

seconds reported the duration passing slower than non-phobic participants.  Additional 

research has shown that viewing images designed to evoke fear (e.g., snakes, sharks, bears) 

slowed the perception of time relative to neutral images (Grommet et al., 2011). 

 

2. Research is continuing to uncover the role of beta oscillations (13-30 Hz) in affective and 

motivational processing.  Broadly, beta oscillations are thought to reflect anticipation of 

movement across the motor cortex (Donner, Siegel, Fries, & Engel, 2009; Zhang, Chen, 

Bressler, & Ding, 2009) or maintenance of a sensorimotor or cognitive state (Engel & Fries, 

2010).  Much of this work has also linked beta band activity with cortical excitability, action 

inhibition, and aggression (Hofman & Schutter, 2012; Schutter, de Weijer, Meuwese, 

Morgan, & van Honk, 2008). 

 

3. IAPS picture numbers:  7200, 7270, 7330, 7340, 7390, and 7430. 
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4. In Experiment 2A, emotive ratings to the pictures were not collected due to a programming 

error.  Therefore, I collected picture ratings from a separate sample of participants (N = 59), 

who rated the pictures on dimensions of valence (1 = positive; 9 = negative) and motivational 

tendency (1 = move toward; 9 = move away).  Participants rated the high approach-motivated 

pictures as being more positive (M = 3.47, SD = 1.47) than the neutral pictures (M = 4.77, SD 

= 1.63), t(56) = 5.25, p < .0001, d = .84.  In addition, participants reported wanting to move 

toward the high approach-motivated pictures (M = 3.33, SD = 1.38) more than the neutral 

pictures (M = 5.56, SD = 1.71), t(45) = 7.66, p < .0001, d = 1.44.  Together, these data 

suggest that the approach-motivated positive (vs. neutral) pictures were effective at 

manipulating positive affect and approach motivation. 

 

5. Past research using time bisection tasks with display durations of 400 – 1,600 ms has 

typically found the most sensitive display duration between picture types near the center of 

the distribution (e.g., 800 or 1,000 ms; see Gable & Poole, 2012; Gil et al., 2009).  However, 

in Experiment 2A the most sensitive display duration between picture types was measured at 

1,200 ms, with the second most sensitive duration being measured at 1,000 ms.  It is possible 

that this minor difference can be explained by a small number of participants who judged the 

pictures as being displayed for a slightly longer time than they were shown. 

 

6. Computing a 2 (picture type) × 7 (picture duration) repeated-measures ANOVA on the first 

126 time bisection task trials in Experiment 1A revealed no significant main effect on picture 

type (p = .30), nor a significant interaction (p = .23).  Similarly, computing a 2 × 7 repeated-

measures ANOVA on the first 126 trials in Experiment 1B revealed no significant main 

effect on picture type (p = .55), nor a significant interaction (p = .46).  Together, these results 
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suggest that changing the number of trials between Experiment 1 and Experiment 2 did not 

significantly contribute to differences in findings of the experiments.  
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Table 1 

Means and standard deviations for CNV amplitudes in Experiment 1A 

 

 

 

 

 

 

 

 

 

  

Duration Picture Type 

 
Neutral Approach-Positive 

400 ms -10.08 (3.19)a -9.76 (2.92)a 

600 ms -9.68 (3.25)a -9.28 (3.46)a 

800 ms -9.89 (3.33)a -9.25 (2.85)a 

1,000 ms -10.47 (3.60)a -9.39 (3.07)b 

1,200 ms -10.24 (2.98)a -9.57 (3.03)a 

1,400 ms -9.95 (3.08)b -8.77 (3.11)b 

1,600 ms -9.86 (3.14)a -9.48 (2.37)a 

Note. Significant differences between each picture type are indicated by 

different subscripts within each row (p < .05). 
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Table 2 

Means and standard deviations for CNV amplitudes in Experiment 2A 

  

Duration Picture Type 

 
Neutral Approach-Positive 

400 ms -5.77 (2.24)a -9.23 (3.14)b 

600 ms -6.43 (2.81)a -8.56 (3.34)b 

800 ms -6.27 (2.64)a -8.92 (3.16)b 

1,000 ms -6.44 (3.36)a -9.32 (3.32)b 

1,200 ms -6.55 (2.62)a -9.02 (3.08)b 

1,400 ms -6.67 (2.42)a -8.40 (3.36)b 

1,600 ms -6.63 (2.81)a -8.83 (2.82)b 

Note. Significant differences between each picture type are indicated by 

different subscripts within each row (p < .05). 
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 Figure 1 

ERP waveform depicting CNV amplitudes to high approach-motivated positive and neutral 

pictures at frontal-central index in Experiment 1A. CNV component circled. 
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 Figure 2 

ERP waveform depicting CNV amplitudes to high approach-motivated positive and neutral 

pictures at frontal-central index in Experiment 2A. CNV component circled. 
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Figure 3 

Mean proportion of display durations that participants rated as long as a function of the actual 

presentation length and the type of picture displayed in Experiment 2B. 
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