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Repetitive exposure: Brain and reﬂex measures of emotion and attention
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Abstract Effects of massed repetition on the modulation of the late positive potential elicited during affective picture viewing were investigated in two experiments. Despite a difference in the number of repetitions across studies (from 5 to 30), results were quite similar: The late positive potential continued to be enhanced when participants viewed emotional, compared to neutral, pictures. On the other hand, massed repetition did prompt a reduction in the late positive potential that was most pronounced for emotional pictures. Startle probe P3 amplitude generally increased with repetition, suggesting diminished attention allocation to repeated pictures. The blink reﬂex, however, continued to be modulated by hedonic valence, despite massive massed repetition. Taken together, the data suggest that the amplitude of the late positive potential during picture viewing reﬂects both motivational signiﬁcance and attention allocation. Descriptors: Emotion, Attention, Repetition



hypothesis in two experiments by repeatedly presenting the same picture over and over with no intervening stimuli between repetitions. If it is motivational signiﬁcance that mediates the persistent modulation found for emotionally engaging pictures despite repetition, we expected to continue to ﬁnd differences in LPP amplitude between emotional and neutral pictures; to the extent that the LPP primarily indexes heightened initial attention allocation, we expected the differences to disappear. We employed two other reliable measures of attention and emotion in picture viewing to aid in interpreting changes in the late positive potential with massed repetition. Presentation of an acoustic startle probe during affective picture viewing modulates both the reﬂexive eyeblink and the amplitude of the P3 component of the event-related potential to the probe. Probe P3 amplitude is smaller for startle stimuli presented in the context of emotional, compared to neutral, picture viewing. One interpretation is that heightened resource allocation during affective picture processing results in fewer resources available for processing the secondary acoustic probe (Bradley, Codispoti, & Lang, 2006; Bradley, Cuthbert, & Lang, 1999; Cuthbert, Schupp, Bradley, McManis, & Lang, 1998). This interpretation is consistent with data ﬁnding that reaction times to secondary probes are also slower when people view emotional, compared to neutral, pictures (Bradley et al., 1999; De Cesarei & Codispoti, 2008). If repetitive contiguous presentation decreases attention allocation to the picture, we expected the difference in probe P3 amplitude between emotional and neutral pictures to decrease with massed repetition. Moreover, the speciﬁc comparison between modulation of the LPP and the probe P3 as a function of repetition is also quite informative: If the LPP during picture viewing and the probe P3 index the same attentional process, we expected that the



Affect reliably modulates the magnitude of a late positive potential (LPP) measured over centro-parietal sensors, with the largest LPPs elicited when people view either pleasant or unpleasant, compared to neutral, pictures (e.g., Cacioppo, Crites, & Gardner, 1996; Codispoti, Mazzetti, & Bradley, 2009; Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Johnston, Miller, & Burleson, 1986; Palomba, Angrilli, & Mini, 1997). Several recent studies have found that, despite a decrease in overall amplitude of the LPP with repeated presentation of the same picture, emotional pictures continue to elicit a larger late positive potential than neutral pictures (Codispoti, Ferrari, & Bradley, 2006, 2007). One interpretation is that the LPP reﬂects, in part, motivational signiﬁcance, deﬁned as activation of cortico-limbic appetitive and defensive systems that mediate the sensory and motor processes that support perception and action (Bradley, 2009). In our previous studies, however, repeated pictures were always presented intermixed among other (repeated) pictures. Thus, although the pictures were highly familiar, initial encoding and attention allocation processes were still necessary for picture identiﬁcation on each presentation, and it may be these processes that underlie continued modulation of the LPP. We tested this This research was supported in part by a grant from the National Institute of Mental Health (P50 MH 72850) to the Center for the Study of Emotion and Attention (CSEA) at the University of Florida. Vera Ferrari is now at the University of Bologna, Italy. Address correspondence to: Margaret Bradley, Center for the Study of Emotion and Attention, Box 112766, University of Florida, Gainesville, FL 32611, USA, or Vera Ferrari, Department of Psychology, University of Bologna, Viale Berti Pichat, 5, 40127 Bologna, Italy. E-mail: bradley@uﬂ.edu or [email protected] 515



516 effects of picture repetition on affective modulation of these electrocortical potentials would be similar. Unlike the probe P3, the reﬂexive blink response to a startle probe presented during picture perception is modulated by hedonic valence, with larger reﬂexes elicited when people view unpleasant, compared to pleasant, pictures (e.g., Bradley et al., 1999; Vrana, Spence, & Lang, 1988). When affective pictures are repeatedly presented intermixed with other (repeated) pictures, the modulatory effects of emotion remain intact (Bradley, Lang, & Cuthbert, 1993). On the other hand, the reﬂexive blink response is signiﬁcantly smaller shortly after picture onset, compared to later in the viewing interval, suggesting blink magnitude is inhibited when pictures are novel and attention getting (Bradley et al., 2006). If repetition decreases this inhibitory effect on blink magnitude, startle reﬂexes are expected to be generally smaller for novel, compared to repeated, pictures. Nonetheless, because the blink reﬂex is differentially modulated by pleasant and unpleasant content (i.e., unlike the LPP or the P3), we expected affective modulation to remain with massed repetition.



EXPERIMENT 1 Method Participants Participants were 25 students (13 women) from the University of Florida introductory psychology courses who participated for course credit. Of these, 2 subjects (1 man and 1 woman) were excluded from analysis of startle data because of virtually no startle responses. Materials and Design Stimuli were 168 pictures selected from the International Affective Picture System (Lang, Bradley, & Cuthbert, 2008), consisting of 56 pleasant, 56 neutral, and 56 unpleasant pictures. Of these, 144 pictures were presented only once throughout the study (‘‘novel’’ presentation), whereas each of the remaining 24 pictures (8 for each hedonic content) was repeatedly presented 5–8 times in a row (‘‘massed’’ repetition); block length for massed pictures was variable to reduce predictability. In total, there were six blocks each of 5, 6, 7, or 8 massed repetitions (156 trials). Novel pictures were arranged such that there were two pictures of each hedonic content in each block of 6. Blocks of novel pictures were alternated with blocks of massed repetitions, for a total of 300 trials (144 novel pictures1156 repeated pictures). The acoustic startle probe consisted of a 98-dB, 50-ms burst of white noise with instantaneous rise time. The stimulus was generated by a Coulbourn S81-02 white-noise generator and presented binaurally over earphones (Eartone A3 Audiometric Insert Earphones, Aearo Company, Indianapolis, IN). A total of 48 startle probes were presented (1200 ms following picture onset) in the study, 24 during viewing of novel pictures (8 of each hedonic content) and 24 during viewing of massed repetitions (8 of each hedonic content). During massed presentation, a startle probe could be presented at either the third, the fourth, or the ﬁfth repetition of the picture. Using the same 168 pictures, three presentation orders were constructed that varied, across participants, the speciﬁc pictures presented in the novel and massed conditions as well as the pictures that were probed. Each trial consisted of a ﬁxation cross presented at the center of the screen for 500 ms prior to picture onset. Each picture was



V. Ferrari et al. displayed for 2 s, followed by 2 s of intertrial interval. Pictures were presented on a 19-in. CRT monitor, situated approximately 100 cm from the participant. Physiological Recording and Data Reduction Electroencephalographs were collected from the scalp using a 129-channel system (Electrical Geodesics, Inc., Eugene, OR) running NetStation software on a Macintosh computer. Scalp impedance for each sensor was kept below 50 kO. The electroencephalogram (EEG) was recorded continuously with a sampling rate of 250 Hz, the vertex sensor as reference electrode, and online bandpass ﬁltered from 0.01 to 100 Hz. EEG data were analyzed off-line using a MATLAB-based program (Jungho¨fer, Elbert, Tucker, & Rockstroh, 2000) in which continuous EEG data were low-pass ﬁltered at 40 Hz using digital ﬁltering, and artifact detection was performed by means of a dedicated algorithm that uses statistical parameters to determine trials with artifacts (Jungho¨fer et al., 2000). For both picture onset and startle probe ERP epochs, a 100-ms prestimulus data segment was subtracted as baseline. Processed data were averaged by hedonic content and novel/massed presentation1 for each participant. The average number of trials per condition employed was approximately 40 for picture onset ERPs and approximately 8 for the startle probe ERPs. Based on previous studies (Bradley, Hamby, Loew, & Lang, 2007; Codispoti et al., 2006) and ERP visual inspection, statistical analyses were performed on mean amplitude values computed in a 400– 700-ms window for the late positive potential and a 250–350-ms window for the probe P3. For both analyses, amplitudes were measured over a group of centro-parietal sensors (sensor number 7, 32, 38, 54, 55, 61, 62, 68, 79, 80, 81, 88, 107, 129). The eyeblink component of the startle response was measured by recording electromyogram (EMG) activity from the orbicularis oculi muscle beneath the left eye. The raw EMG signal was ampliﬁed ( 30,000), and frequencies below 90 Hz and above 250 Hz were ﬁltered with a Coulbourn S75-01 bioampliﬁer. The raw signal was rectiﬁed and integrated using a Coulbourn S76-01 contour-following integrator using a normal time constant of 123 ms. The blink response was sampled at 1000 Hz for 50 ms prior to the onset of the startle probe and for 250 ms after probe onset. The startle data were reduced off-line using a VPM program (Cook, 1997) that implements a peak-scoring algorithm (Balaban, Losito, Simons, & Graham, 1996) that scores the peak response for onset latency and amplitude. Trials with artifacts were rejected whereas trials with no responses were scored as zero magnitude blinks. Procedure After their arrival at the laboratory, participants signed an informed consent form. Participants were then seated in a recliner in a small, sound-attenuated, dimly lit room, and recording electrodes for the blink and the EEG sensor net were attached. The subject was instructed that a series of pictures would be presented in which each picture should be viewed the entire time it was on the screen and that brief noises heard over the headphones could be ignored. 1 Based on a previous analysis (Ferrari, Bradley, Codispoti, & Lang, 2010), trials that signaled a change in the experimental structure (i.e., the ﬁrst novel picture following a block of massed repetitions and the ﬁrst repetition of a picture in the block of massed repetitions) were excluded from the averaging because these trials prompt an enhanced P3 amplitude that reﬂects stimulus meaning, regardless of repetition.
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Figure 1. Experiment 1. Grand average ERP waveforms (centro-parietal sensor group) when subjects viewed pleasant, neutral, and unpleasant pictures in the massed and novel repetition conditions. Insets are the top view of the scalp distribution of the difference in the 400–700-ms window between emotional (pleasant and unpleasant) and neutral picture processing.



An initial 30-trial practice block, consisting of the same neutral picture repeatedly displayed, was presented together with 12 startle probes in order to facilitate the basic circuit habituation of the startle reﬂex (Bradley et al., 1993). Following this initial habituation phase, 300 pictures were presented consisting of novel pictures and massed repetitions. After the picture series was ﬁnished, subjects completed a postexperimental questionnaire and were debriefed. Data Analysis Each measure (LPP, probe P3, blink magnitude) was analyzed in a repeated measure analysis of variance (ANOVA) using stimulus repetition (2: massed, novel) and hedonic content (3: pleasant, neutral, unpleasant) as factors. Greenhouse–Geisser corrections were applied where relevant. The eta squared statistic (Z2), indicating the proportion between the variance explained by one experimental factor and the total variance, has been calculated and is reported.



Results Late Positive Potential Figure 1 illustrates the ERP waveforms averaged over centroparietal sensors for pleasant, neutral, and unpleasant pictures in the massed and novel repetition conditions.2 Signiﬁcant main effects of hedonic content, F(2,48) 5 43.7, po.0001, Z2 5 .64, and repetition, F(1,24) 5 24.7, po.0001, Z2 5 .51, were accompanied by a signiﬁcant interaction between hedonic content and repetition, F(2,48) 5 14.9, po.0001, Z2 5 .38. When subjects viewed novel pictures, hedonic content modulated the magnitude of the centro-parietal late positive potential, as expected, F(2,48) 5 42.1, po.0001, Z2 5 .64, with larger positivity when they viewed pleasant or unpleasant pictures, compared to neutral 2 Analysis of the large N2 component in the ERP to pictures that is dramatically present for all of the novel pictures and greatly attenuated for all of the massed pictures (i.e., independent of hedonic content) is presented in a separate report (Ferrari et al., 2010).



contents, Fs(1,24)426, pso.0001, Z24.52, replicating many previous studies. Viewing massed repetitions of emotional pictures also prompted signiﬁcantly larger LPPs than when viewing neutral pictures, F(2,48) 5 17.7, po.0001, Z2 5 .42; pleasant and unpleasant versus neutral, Fs(1,24)419.3, po.0001, Z24.45. The interaction primarily indicates that, whereas the LPP when viewing novel and repeated neutral pictures did not differ, the LPP for emotional pictures was smaller when the pictures were repeated, F(1,24) 5 10.5, po.001, Z2 5 .31 for pleasant, F(1,24) 5 59.1, po.0001, Z2 5 .71 for unpleasant. Probe P3 Figure 2 illustrates the ERP waveforms to the startle probe (centro-parietal sensors) presented during viewing of pleasant, neutral, and unpleasant pictures in the massed and novel repetition conditions. Repetition of the same picture over and over signiﬁcantly increased probe P3 amplitude, with larger P3s when viewing repeated, compared to novel, pictures, novel versus massed, F(1,24) 5 18.6, po.0001, Z2 5 .44. A main effect of hedonic content, F(2,48) 5 3.8, po.05, Z2 5 .14, indicated smaller P3 amplitude for emotional, compared to neutral, pictures, quadratic effect, F(1,24) 5 4.1, p 5 .055, Z2 5 .15, as illustrated in Figure 2. Although the interaction of hedonic content and repetition did not reach signiﬁcance (p 5 .31), a priori tests exploring modulation for novel and massed pictures indicated that whereas probe P3 was signiﬁcantly modulated by picture content during the viewing of novel pictures, F(2,48) 5 6.34, po.01, Z2 5 .2, it was not reliably modulated by emotional content when subjects viewed repeated pictures (p 5 .3). Startle Reﬂex Startle blink magnitude was signiﬁcantly smaller when subjects viewed novel, compared to repeated, pictures, F(1,22) 5 5.2, po.05, Z2 5 .19 (see Table 1). Nonetheless, blink magnitude varied with hedonic content, F(2,44) 5 13.88, po.0001, Z2 5 .39, regardless of picture repetition (Hedonic Content  Stimulus Repetition, p4.05). Blinks were larger when subjects viewed unpleasant, compared to pleasant or neutral, pictures,
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Figure 2. Experiment 1. Grand average ERP waveforms (centro-parietal sensor group) to the startle probe during viewing of pleasant, neutral, and unpleasant pictures in the massed and novel repetition conditions. Insets are the top view of the scalp distribution of the difference in the 250–350-ms window between emotional (pleasant and unpleasant) and neutral picture processing.



F(1,22) 5 22.12, po.0001, Z2 5 .5, F(1,22) 5 26.9, po.0001, Z2 5 .55, respectively.



EXPERIMENT 2 In Experiment 1, massed repetition affected all measuresFdecreasing the LPP following picture onset and increasing both the amplitude of the P3 to the startle probe during picture viewing as well as startle blink magnitude. Nonetheless, LPP amplitude continued to be signiﬁcantly larger when subjects viewed emotional, compared to neutral, pictures, even following multiple massed repetitions of the same picture. Similarly, affective modulation of the reﬂexive blink remained signiﬁcant despite massed repetition of the pictures. On the other hand, although mean probe P3 amplitude was attenuated when subjects viewed emotional, compared to neutral, novel pictures, the difference clearly decreased and was not statistically reliable for pictures that were repeatedly presented, consistent with a hypothesis that probe P3 indexes attention allocation. In Experiment 2, we extended the number of massed repetitions to 30 contiguous repetitions in order to more completely attenuate attentional resource allocation to emotional pictures. As in Experiment 1, we measured the magnitude of the LPP Table 1. Means (Standard Error) of Late Positive Potential (LPP), the Amplitude of the P3 Component to the Startle Probe (Probe P3), and Startle Blink Magnitude for Each Hedonic Content in Experiment 1 LPP (400–700 ms) Massed Unpleasant Neutral Pleasant



Novel



Probe P3 (250–350 ms) Massed



Novel



Startle blink magnitude Massed



Novel



1.5 (0.4) 3.4 (0.4) 6.6 (0.9) 5.2 (0.7) 8.1 (1) 7.7 (0.1) 0.2 (0.4) 0.4 (0.3) 7.0 (0.9) 5.9 (0.9) 7.2 (1) 6.3 (0.9) 1.5 (0.3) 2.6 (0.4) 6.1 (0.8) 4.2 (0.7) 7.1 (1) 6.3 (0.9)



Note: All values are expressed in microvolts.



following picture onset as well as the amplitude of the probe P3 and the startle blink reﬂex. Moreover, startle probes were also presented in the interpicture interval in Experiment 2. If probe P3 amplitude primarily indexes attention allocation, as hypothesized, we expected not only that its modulation by emotion would be eliminated by massive, massed repetition, but that probe P3 amplitude following repetition would not differ from that elicited when there was not even a picture in the foreground. To the extent that the startle blink reﬂects motivational signiﬁcance, we expected modulation to remain intact regardless of the number of repetitions. Of particular interest are the effects of massive repetition on the late positive potential: If the heightened positivity primarily reﬂects differences in attention allocation, we expected it to be eliminated with massive, massed repetition. To the extent it reﬂects motivational signiﬁcance, we expected to continue to ﬁnd a larger LPP for emotional, compared to neutral, pictures. Rather than comparing massed repetition to novel picture presentation, in Experiment 2 we compared massed repetition to a distributed repetition condition in which pictures were repeated across the experiment, but intermixed with other (repeated) pictures. In this comparison, effects speciﬁcally due to massed repetition should be highlighted. Method Participants Participants were 25 students (13 women) from the University of Florida introductory psychology courses who participated for course credit. Of these, 3 subjects (2 men and 1 woman) were excluded from analysis of startle data because of virtually no startle responses. Materials and Design Thirty-six color pictures depicting 12 pleasant (erotic couple and romance), 12 unpleasant (threat and mutilation), and 12 neutral (objects and people) scenes were selected from the International Affective Picture System (Lang et al., 2008). Of these, 6 pictures
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Repetitive exposure were presented 30 times in a row (massed) and 30 were presented intermixed with other pictures and repeated 6 times across the study (distributed). Each massed repetition was followed by the series of 30 distributed pictures, resulting in a total of 360 trials. Six presentation orders were constructed that varied, across participants, the speciﬁc pictures presented in the massed and distributed blocks such that each of the 36 pictures was presented in the massed and distributed condition across participants. The order of pictures in the distributed condition was counterbalanced such that there were two pictures of each hedonic content in each subblock of six. As in Experiment 1, each trial consisted of a ﬁxation cross presented at the center of the screen for 500 ms prior to picture onset. Each picture was displayed for 2 s, followed by a 2-s intertrial interval. Pictures were presented on a 19-in. CRT monitor, situated approximately 100 cm from the participant. Across each of the 30 massed repetitions, three startle probes (one every 10 trials) were delivered during picture viewing (1200 ms after picture onset) as well as in the postpicture interval (1200 ms after picture offset). Startle probes were similarly presented in the distributed condition.



Procedure The procedure was equal to that described in Experiment 1.



Physiological Recording and Data Reduction The startle probe, and measurement of the blink response, and electroencephalographic activity as well as data reduction were as described in Experiment 1. Blink responses and probe ERPs were averaged across the 30 massed repetition block, separately for probes delivered during picture viewing and those prompted in the postpicture interval (6 trials per condition). For the LPP (400–700-ms window), the 30 massed repetitions were averaged into two subblocks of 15 trials (Massed 1–15, Massed 16–30). Each measure was analyzed in a repeated measures ANOVA involving picture hedonic content (3: pleasant, neutral, unpleasant) and stimulus repetition (2: massed, distributed).



Results Late Positive Potential Figure 3 illustrates the ERP waveforms for pleasant, neutral, and unpleasant pictures in the massed and distributed repetition conditions over centro-parietal sensors. A main effect of hedonic content, F(2,48) 5 104, po.0001, Z2 5 .81, again indicated greater positivity for both pleasant and unpleasant pictures, compared to neutral content, F(1,24) 5 120, po.0001, Z2 5 .83, F(1,24) 5 175, po.0001, Z2 5 .88, respectively. As illustrated in Figure 3, emotional (pleasant and unpleasant) pictures prompted a larger LPP than neutral pictures both in the massed repetition condition, Fs(1,24)419.6, pso.0001, Z24.45, and in the distributed repetition condition, Fs(1,24)482.9, pso.0001, Z24.78. For massed repetition, in fact, the magnitude of affective modulation was similar when assessed either during the ﬁrst or last 15 repetitions in the massed condition, F(1,24)o1 (see Figure 3, inset). Again, effects of repetition, F(1,24) 5 138.3, po.0001, Z2 5 .85, and a signiﬁcant interaction between repetition and hedonic content, F(2,48) 5 19.8, po.0001, Z2 5 .45, indicated a larger decrease in the LPP following massed repetition for emotional, compared to neutral, pictures, resulting in signiﬁcantly smaller affective modulation for massed, compared to distributed, repetitions, F(1,24) 5 32, po.0001, Z2 5 .57. Probe P300 As in Experiment 1, probe P3 amplitude was signiﬁcantly larger for massed repetitions, F(1,24) 5 9.9, po.005, Z2 5 .3. Unlike Experiment 1, however, massive massed repetition now resulted in a signiﬁcant interaction between repetition and hedonic content, F(2,48) 5 6.25, po.005, Z2 5 .21. As illustrated in Figure 4 (top), probe P3 amplitude was signiﬁcantly attenuated when subjects viewed emotional, compared to neutral, pictures, when repetitions were distributed, similar to the pattern found for novel pictures in Experiment 1, F(2,48) 5 10, po.0001, Z2 5 .29. Massed repetition, however, again eliminated the difference in probe P3 amplitude when subjects viewed emotional and neutral pictures, F(2,48)o1. Whereas the type of repetition did not affect the amplitude of the probe P3 when subjects viewed neutral pictures, massed repetition signiﬁcantly increased probe P3 ampli-



Figure 3. Experiment 2. Grand average ERP waveforms (centro-parietal sensor group) to pleasant, neutral, and unpleasant pictures in the massed (averaged over 30 repetitions) and distributed repetition conditions. Insets are the top view of the scalp distribution of the difference in the 400–700-ms window between emotional (pleasant and unpleasant) and neutral picture processing. Massed condition also shows the mean amplitude of the late positive potential (400–700 ms) for massed repetitions averaged over two subblocks of 15 repetitions each.
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V. Ferrari et al. pictures. A signiﬁcant main effect of hedonic content, F(2,42) 5 13.8, po.0001, Z2 5 .39, indicated signiﬁcant startle potentiation when subjects viewed unpleasant pictures, F(1,21) 5 9.9, po.01, Z2 5 .32, and signiﬁcant attenuation when they viewed pleasant pictures, F(1,21) 5 7.9, po.05, Z2 5 .27, compared to neutral pictures. Similar to Experiment 1, affective modulation of blink magnitude was intact even in the massed condition, in which the same picture was repeated 30 times in a row, F(2,42) 5 8.87, po.01, Z2 5 .29. Moreover, the type of repetition (massed vs. distributed) did not affect overall blink magnitude.3



GENERAL DISCUSSION



Figure 4. Experiment 2. Top: Probe P3 amplitude in the 250–350-ms window over centro-parietal sensors for pleasant, neutral, and unpleasant pictures in the massed and distributed repetition conditions. Bottom: Blink magnitude for startle probes presented during the viewing of pleasant, neutral, and unpleasant pictures in the massed and distributed repetition conditions.



tude when subjects viewed emotional pictures, consistent with an interpretation of less attention allocation as repetition increased, Fs(1,24)45, po.05. Z24.2. The amplitude of the probe P3 in the interpicture interval differed for massed and distributed repetitions, consistent with an interpretation that probe P3 indexes attention allocation: Probe P3 amplitude in the picture viewing (5.05 mV) and postpicture interval (4.48 mV) did not differ for massed repetitions. On the other hand, probe P3 amplitude was smaller (3.04 mV) during picture viewing, compared to the interpicture interval (4.49 mV) when the repetition was not massed, F(1,24) 5 24.8, po.0001, Z2 5 .5. Startle Reﬂex Figure 4 (bottom) illustrates blink magnitude for startle probes presented during viewing of pleasant, neutral, and unpleasant



Effects of massed repetition on the modulation and the amplitude of the LPP during affective picture viewing were investigated. Despite a difference in the absolute number of contiguous repetitions in two studies (from 5 to 30), results were strikingly similar: Even following many contiguous repetitions of the same picture, larger late positive potentials were associated with viewing emotional, compared to neutral, pictures. These data disconﬁrm a hypothesis that intermixing pictures in previous studies (Codispoti et al., 2006, 2007) was responsible for the sustained modulation following repetition. Rather, modulatory differences remained intact even following the massive massed repetition in Experiment 2, in which the same picture was presented 30 times in a row. In both studies, a reduction in the amplitude of the late positive potential with massed repetition was most pronounced for emotional, compared to neutral, pictures. Thus, although viewing emotional pictures consistently prompted a larger late positive potential than viewing neutral pictures, the absolute amplitude of the late positive potential was greatly reduced for emotional pictures following massed repetition. Two additional indices of attention allocation and motivational signiﬁcance shed light on this pattern of LPP ﬁndings. The amplitude of the P3 component to a secondary startle probe presented during picture viewing, a measure of attention allocation, signiﬁcantly increased with repetition in both studies, consistent with the hypothesis that more attention is available for processing the secondary startle probe when the picture has been previously processed. Indeed, with the massive massed repetition in Experiment 2, probe P3 amplitude during picture viewing was no longer different from that elicited in the interpicture interval, implying equivalent processing of the startle probe regardless of whether a (repeated) picture was even present in the visual foreground. Moreover, the increase in probe P3 amplitude with repetition was speciﬁcally related to emotional picture processingFrepetition did not change probe P3 amplitude when subjects viewed neutral pictures, suggesting these stimuli attract few attentional resources even when novel. Thus, whereas probe P3 amplitude is typically attenuated when subjects viewed novel emotional, compared to neutral, pictures (Cuthbert et al., 1998), massed repetition effectively eliminated affective modulation of this electrocortical component in both studies. Taken together then, the probe P3 data suggest that ‘‘motivated attention’’ (Lang, Bradley, & Cuthbert, 1997)Fthe heightened attention alloca3 A follow-up test indicated that startle potentiation during the viewing of unpleasant pictures was even larger during massed repetition, compared to the viewing of distributed unpleasant pictures, F(1,21) 5 4.8, po.05, Z2 5 .19.
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Repetitive exposure tion directed toward motivationally signiﬁcant (pleasant or unpleasant) stimuliFdecreases with massed repetition. Affective modulation of the reﬂexive eyeblink to the secondary startle probe, on the other hand, was preserved despite picture repetition. Even after 30 repetitions, blink reﬂexes were signiﬁcantly potentiated for startle probes presented during unpleasant picture viewing (relative to neutral) and reduced when subjects viewed pleasant pictures. Again, the persistence of affective modulation of the startle reﬂex, also found previously for distributed repetitions (Bradley et al., 1993), is particularly striking in Experiment 2, given repetition of the same picture 30 times in a row. Consistent with a multiprocess model of affective blink modulation (Bradley et al., 2006), startle magnitude when viewing novel pictures (Experiment 1) was signiﬁcantly smaller overall than those elicited when viewing repeated pictures, supporting the thesis that attention allocation can generally inhibit reﬂex magnitude. Unlike the probe P3 data, however, the attenuating effects of repetition on blink magnitude were not conﬁned to emotional stimuli, and, in Experiment 2, in which all pictures were repeated (massed or distributed), the type of repetition did not differentially affect blink magnitude. These data suggest that perceptual novelty may be the critical mediator of repetition effects on the overall magnitude of the blink reﬂex, rather than motivated attention. In any case, it is clear that the blink reﬂex continues to reﬂect motivational signiﬁcance and that this modulation is not affected by repetition. Taken together, these data support a two-process account of LPP modulation during affective picture viewing, in which the amplitude of the late positive potential reﬂects both motivational signiﬁcance and differences in initial motivated attention. Thus, like the blink reﬂex, affective modulation of the LPP persists despite massed repetition, suggesting it indexes motivational signiﬁcanceFthe activation of fundamental appetitive and defensive motivational systems that are the foundation of emotion (Lang et al., 1997). On the other hand, like probe P3 amplitude, massed repetition affected the amplitude of the LPP speciﬁcally for emotional stimuli, reﬂecting a decrease in attention allocation. A dual process interpretation is consistent with our previous study in which the amplitude of the LPP was independently affected by task relevance and motivational signiﬁcance (Ferrari, Codispoti, Cardinale, & Bradley, 2008). In that study, when emotional pictures were targets in a categorization task, the LPP was heightened, compared to emotional nontargets. On the other hand, LPP amplitude continued to be enhanced for



emotional, compared to neutral, pictures, regardless of target status. In the current study, attention was manipulated by stimulus repetition, rather than by task relevance, and the data are consistent in showing independent effects of motivational signiﬁcance and attention allocation. Taken together, the data indicate that the ‘‘natural selective attention’’ that is engaged by the presentation of emotionally evocative cues in the absence of overt tasks or speciﬁc instructions (Bradley, 2009; Lang et al., 1997) is greatest for novel pictures and decreases with massed repetition. We have suggested that cues acquire motivational signiﬁcance from their associations to appetitive and defensive neural circuits that mediate attention, arousal, and action in the service of protecting and sustaining life (e.g., Lang & Bradley, 2008; Lang et al., 1997). For pictures, the similarity of perceptual (visual) features to real-world objects and events serves as the cues that activate the relevant motivational circuit (Bradley & Lang, 2007). It is not surprising that sheer repetition alone is not sufﬁcient to destroy these long-standing associations. Indeed, it has long been recognized that extinctionFrepetitive presentation of cues with existing appetitive or defensive associationsFdoes not eliminate these associations, as evidenced by spontaneous recovery, reinstatement, and their reappearance in a different context (see Myers & Davis, 2007, for an overview). In the present studies, the data suggest that despite repeated massed exposure to an aversive or appetitive picture, affective cues continue to activate the neural circuits mediating appetitive or defensive motivation. That these motivational associations are indexed, in part, by the late positive potential is supported by its continued modulation despite repetition. We have suggested that the activation of fundamental motivational systems mediating appetitive and defensive behavior is the foundation of emotion, giving events and objects ‘‘motivational signiﬁcance’’ and prompting heightened attention in the service of action (Ferrari et al., 2010; Lang & Bradley, 2008; Lang et al., 1997). The probe P3 data indicate that the initial orienting and heightened attention allocation to emotional cues can be attenuated by repetitive exposure. The persistence of startle modulation, however, is strong evidence that motivational activation continues despite massive repetition. Taken together, then, the data suggest that motivational signiﬁcance remains following repetitive massed exposure, whereas motivated attention is attenuated or eliminated, and that the amplitude of the late positive potential is sensitive to both emotion and attention.



REFERENCES Balaban, M. T., Losito, B. D. G., Simons, R. F., & Graham, F. K. (1996). Off-line latency and amplitude scoring of the human reﬂex eye blink with Fortran IV. Psychophysiology, 23, 612. Bradley, M. M. (2009). Natural selective attention: Orienting and emotion. Psychophysiology, 46, 1–11. Bradley, M. M., Codispoti, M., & Lang, P. J. (2006). A multi-process account of startle modulation during affective perception. Psychophysiology, 43, 486–497. Bradley, M. M., Cuthbert, B. N., & Lang, P. J. (1999). Affect and the startle reﬂex. In M. E. Dawson, A. Schell, & A. Boehmelt (Eds.), Startle modiﬁcation: Implications for neuroscience, cognitive science and clinical science (pp. 157–183). Cambridge, UK: Cambridge University Press. Bradley, M. M., Hamby, S., Loew, A., & Lang, P. J. (2007). Brain potentials in perception: Picture complexity and emotional arousal. Psychophysiology, 44, 364–373.



Bradley, M. M., & Lang, P. J. (2007). Emotion and motivation. In J. T. Cacioppo, L. G. Tassinary, & G. Berntson (Eds.), Handbook of psychophysiology (3rd ed, pp. 581–607). New York: Cambridge University Press. Bradley, M. M., Lang, P. J., & Cuthbert, B. N. (1993). Emotion, novelty and the startle reﬂex: Habituation in humans. Behavioral Neuroscience, 107, 970–980. Cacioppo, J. T., Crites, S. L. Jr., & Gardner, W. L. (1996). Attitudes to the right: Evaluative processing is associated with lateralized late positive event-related brain potentials. Personality and Social Psychology Bulletin, 22, 1205–1219. Codispoti, M., Ferrari, V., & Bradley, M. M. (2006). Repetitive picture processing: Autonomic and cortical correlates. Brain Research, 1068, 213–220. Codispoti, M., Ferrari, V., & Bradley, M. M. (2007). Repetition and ERPs: Distinguishing early and late processes in affective



522 picture perception. Journal of Cognitive Neuroscience, 19, 577–586. Codispoti, M., Mazzetti, M., & Bradley, M. M. (2009). Unmasking emotion: Exposure duration and emotional engagement. Psychophysiology, 46, 731–738. Cook, E. W. III (1997). VPM reference manual. Birmingham, Alabama: Author. Cuthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N., & Lang, P. J. (2000). Brain potentials in affective picture processing: Covariation with autonomic arousal and affective report. Biological Psychology, 52, 95–111. Cuthbert, B. N., Schupp, H. T., Bradley, M. M., McManis, M., & Lang, P. J. (1998). Probing affective pictures: Attended startle and tone probes. Psychophysiology, 35, 344–347. De Cesarei, A., & Codispoti, M. (2008). Fuzzy picture processing: Effects of size reduction and blurring on emotional processing. Emotion, 8, 352–363. Ferrari, V., Bradley, M. M., Codispoti, M., & Lang, P. J. (2010). Detecting novelty and signiﬁcance. Journal of Cognitive Neuroscience, 22, 404–411. Ferrari, V., Codispoti, M., Cardinale, R., & Bradley, M. M. (2008). Directed and motivated attention during processing of natural scenes. Journal of Cognitive Neuroscience, 20, 1753–1761. Johnston, V. S., Miller, D. R., & Burleson, M. H. (1986). Multiple P3s to emotional stimuli and their theoretical signiﬁcance. Psychophysiology, 23, 684–694.



V. Ferrari et al. Jungho¨fer, M., Elbert, T., Tucker, D. M., & Rockstroh, B. (2000). Statistical control of artifacts in dense array EEG/MEG studies. Psychophysiology, 37, 523–532. Lang, P. J., & Bradley, M. M. (2008). Appetitive and defensive motivation as the substrate of emotion. In A. Elliott (Ed.), Handbook of approach and avoidance motivation (pp. 51–66). Mahwah, NJ: Erlbaum. Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2008). International affective picture system (IAPS): Affective ratings of pictures and instruction manual. Technical Report A-8. Gainesville, FL: University of Florida. Lang, P. J., Bradley, M. M., & Cuthbert, M. M. (1997). Motivated attention: Affect, activation and action. In P. J. Lang, R. F. Simons, & M. T. Balaban (Eds.), Attention and orienting: Sensory and motivational processes. Hillsdale, NJ: Erlbaum. Myers, K., & Davis, M. (2007). Mechanisms of fear extinction. Molecular Psychiatry, 2, 120–150. Palomba, D., Angrilli, A., & Mini, A. (1997). Visual evoked potentials, heart rate responses and memory to emotional pictorial stimuli. International Journal of Psychophysiology, 27, 55–67. Vrana, S. R., Spence, E. L., & Lang, P. J. (1988). The startle probe response: A new measure of emotion? Journal of Abnormal Psychology, 97, 487–491.



(Received April 1, 2010; Accepted May 30, 2010)




























Perceived Ambiguity and Relevant Measures - Semantic Scholar













Quasi-copulas and signed measures - Semantic Scholar













Perceived Ambiguity and Relevant Measures - Semantic Scholar













Iterative learning control and repetitive control in ... - Semantic Scholar













Iterative learning control and repetitive control in ... - Semantic Scholar













Cell Phone Radiofrequency Radiation Exposure ... - Semantic Scholar













Generalizing Unweighted Network Measures ... - Semantic Scholar













Cell Phone Radiofrequency Radiation Exposure ... - Semantic Scholar













Generalizing Unweighted Network Measures ... - Semantic Scholar













Virtual Reality Exposure in the Treatment of Panic ... - Semantic Scholar













Walkability, Transit Access, and Traffic Exposure ... - Semantic Scholar













On the predictive validity of implicit attitude measures - Semantic Scholar













On the predictive validity of implicit attitude measures - Semantic Scholar













Quantum aspects of brain activity and the role of ... - Semantic Scholar













Refinement of Thalamocortical Arbors and ... - Semantic Scholar













IMPLEMENTATION AND EVOLUTION OF ... - Semantic Scholar













Optimal Detection of Heterogeneous and ... - Semantic Scholar













production of biopharmaceuticals, antibodies and ... - Semantic Scholar













IMPLEMENTATION AND EVOLUTION OF ... - Semantic Scholar













Development of Intuitive and Numerical ... - Semantic Scholar













MODELING OF SPIRAL INDUCTORS AND ... - Semantic Scholar













Experiences of discrimination: Validity and ... - Semantic Scholar













Phylogenetic Patterns of Geographical and ... - Semantic Scholar















Repetitive exposure: Brain and reflex measures of ... - Semantic Scholar






slower when people view emotional, compared to neutral, pic- tures (Bradley et al., 1999; De ..... series of 30 distributed pictures, resulting in a total of 360 trials. 






 Download PDF 



















 385KB Sizes
 0 Downloads
 270 Views








 Report























Recommend Documents













Perceived Ambiguity and Relevant Measures - Semantic Scholar 

Seo's work was partially supported by NSF grant SES-0918248. â€ Department of Managerial Economics and Decision Sciences, Kellogg School of Management,.




















Quasi-copulas and signed measures - Semantic Scholar 

Apr 10, 2010 - Fuzzy Sets and Systems 161 (2010) 2328â€“2336 ...... Algebraic, Analytic, and Probabilistic Aspects of Triangular Norms, Elsevier, Amsterdam, ...




















Perceived Ambiguity and Relevant Measures - Semantic Scholar 

discussion. Seo's work was partially supported by NSF grant SES-0918248. .... Second, relevant measures provide a test for differences in perceived ambiguity.




















Iterative learning control and repetitive control in ... - Semantic Scholar 

sophisticated HDD servo controls, Messner and Ehrlich [1] presented a nice tutorial on controls for disk ... Electrical and Computer Engineering, 4160 Old Main Hill, Utah State ... For example, a disk drive product in the year 2000 ... simple words, 




















Iterative learning control and repetitive control in ... - Semantic Scholar 

shown in Figure 1 where VCM (voice coil motor), spindle motor, disk (media), ...... Proceedings of the IEEE International Conference on Decision and Control ...




















Cell Phone Radiofrequency Radiation Exposure ... - Semantic Scholar 

Feb 23, 2011 - signal exposure on brain glucose metabolism. JAMA. 2011;305(8):808-813. 2. Anderson V, Rowley J. Measurements of skin surface temperature during mo- bile phone use. Bioelectromagnetics. 2007;28(2):159-162. 3. Straume A, Oftedal G, John




















Generalizing Unweighted Network Measures ... - Semantic Scholar 

real-world, weighted, social networks using one of our generalized measures: the C-degree ... ber of edges between its neighbors and the number of all possible.




















Cell Phone Radiofrequency Radiation Exposure ... - Semantic Scholar 

Feb 23, 2011 - phone use on brain electrical activities, neurophysiology, and behavior. ... quency emissions from wireless phones, including both mobile and ...




















Generalizing Unweighted Network Measures ... - Semantic Scholar 

dyadicity, and the heterophilicity. As a case study, we analyze four real-world, weighted, social networks using one of our generalized measures: the C-degree.




















Virtual Reality Exposure in the Treatment of Panic ... - Semantic Scholar 

technology is being used as a tool to deliver expo- ... The idea behind the use of VR as an exposure tech- .... school education level, and 26.5% had a univers- ..... 171. Copyright Â© 2007 John Wiley & Sons, Ltd. Clin. Psychol. Psychother.




















Walkability, Transit Access, and Traffic Exposure ... - Semantic Scholar 

Apr 1, 2013 - Mixed-Income Housing Near Transit; Increasing Affordability With Location Efficiency; Oakland, CA: Center for Transit-Oriented Development; 2009. 21. Loukaitou-Sideris A. A new-found popularity for transit-oriented developments? Lessons




















On the predictive validity of implicit attitude measures - Semantic Scholar 

implications for the degree to which people use/apply their attitudes ... A total of 85 non-Black college undergraduates par- ...... San Diego, CA: Academic Press.




















On the predictive validity of implicit attitude measures - Semantic Scholar 

Social psychologists have recently shown great interest in implicit attitudes, but questions remain as to the boundary conditions .... Hilton (2001)), nearly all were focused on the ability ..... information about his name, address, social security.




















Quantum aspects of brain activity and the role of ... - Semantic Scholar 

The publication costs of this article were defrayed in part by page charge payment. This article must ... site (n = 5) of 0.27 (22). In the alternative procedure ... (i) the thermal energy, Eth, which the quasiparticle adopts in athermal surrounding 




















Refinement of Thalamocortical Arbors and ... - Semantic Scholar 

These images were transformed into a negative image with Adobe. PhotoShop (version ... MetaMorph software program (Universal Imaging, West Chester, PA).




















IMPLEMENTATION AND EVOLUTION OF ... - Semantic Scholar 

the Internet via a wireless wide area network (WWAN) in- ... Such multi-path striping engine have been investigated to ... sions the hybrid ARQ/FEC algorithm, optimizing delivery on ..... search through all possible evolution paths is infeasible.




















Optimal Detection of Heterogeneous and ... - Semantic Scholar 

Oct 28, 2010 - where Â¯Î¦ = 1 âˆ’ Î¦ is the survival function of N(0,1). Second, sort the .... (Î²;Ïƒ) is a function of Î² and ...... When Ïƒ â‰¥ 1, the exponent is a convex.




















production of biopharmaceuticals, antibodies and ... - Semantic Scholar 

nutritional supplements (7), and new protein polymers with both medical and ... tion of a plant species that is grown hydroponically or in in vitro systems so that ... harvested material has a limited shelf life and must be processed .... benefits on




















IMPLEMENTATION AND EVOLUTION OF ... - Semantic Scholar 

execution of the striping algorithm given stationary network statistics. In Section ... packet with di must be delivered by time di or it expires and becomes useless.




















Development of Intuitive and Numerical ... - Semantic Scholar 

Dec 27, 1990 - Our study explored the relationship between intuitive and numerical propor- .... Table 1. Component Patterns for the Fuzzy Set Prototypes.




















MODELING OF SPIRAL INDUCTORS AND ... - Semantic Scholar 

50. 6.2 Inductor. 51. 6.2.1 Entering Substrate and Layer Technology Data. 52 ... Smith chart illustration the effect the of ground shield. 75 with the outer circle ...




















Experiences of discrimination: Validity and ... - Semantic Scholar 

Apr 21, 2005 - (Appendix 1), based on the prior closed-format ques- tions developed by ..... times more likely than white Americans to file com- plaints about ...




















Phylogenetic Patterns of Geographical and ... - Semantic Scholar 

Nov 12, 2012 - Members of the subgenus Drosophila are distributed across the globe and show a large diversity of ecological niches. Furthermore, taxonomic ...


























×
Report Repetitive exposure: Brain and reflex measures of ... - Semantic Scholar





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















