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The influence of affective factors
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Several studies have suggested that both affective valence and arousal affect the perception of time. How-
ever, in previous experiments these two affective dimensions were not systematically controlled. In the
present study, a set of emotional slides rated for valence and arousal (International Affective Picture System)
were projected to two groups of subjects for 2, 4 and 6 sec. One group estimated the duration on an analog
scale and a second group reproduced the interval by pushing a button. Heart rate and skin conductance
responses were also recorded. A highly significant valence by arousal interaction affected duration judg-
ments. For low arousal stimuli, the duration of negative slides was judged relatively shorter than the duration
of positive slides. For high arousal stimuli, the duration of negative slides was judged longer than the dura-
tion of positive slides. These results are interpreted within a model of action tendency, in which the level of
arousal controls two different motivational mechanisms, one emotional and the other attentional.

In everyday life, human beings are continually engagedbe represented in a multi-dimensional space defined by a
in emotionally-driven behaviors. Such behaviors are sonumber of factors varying along a continuum. According
highly pervasive that the recent psychological literature hago psychophysiological studies that have used standardized
pointed out the centrality of emotional factors in cognitive emotional material (Greenwald, Cook & Lang, 1989; Lang,
processes such as learning a second language (Schumari®84; Lang, Greenwald, Bradley, & Hamm, 1993; Tellegen,
1990, 1994). Damasio (1994) has recently documented 4985), two factors account for most of the variance in emo-
remarkable body of neuropsychological evidence supporttional judgments: affective valence and arouddlese two
ing the assumption that emotions are involved in most, ifdimensions correspond to the behavioral dimensiods of
not all, cognitive processes. rection (approach or avoidance) aimdensity(i.e. mobili-

Although an increasing number of studies have investi-zation) advocated by a biphasic organization of emotional
gated the role of emations in cognitive activity, only a lim- responses (Lang, Bradley & Cuthbert, 1990).
ited number of studies have analyzed the relationship be- In the present study, we tested the hypothesis that emo-
tween emotional states and estimation of time durationstional states induced by stimulus material systematically
Furthermore, these studies have typically yielded inconclu-influence error in time estimation. In particular, our hypoth-
sive results regarding the precise nature of the relationshigsis was that the perceived duration of an event is affected
between emotions and time perception. These inconsisterity manipulations of the two emotional dimensions of af-
findings may originate from the use of non standardizedfective valence and arousal. We used stimulus material pre-
emotional manipulations that make the quantification andviously standardized for affective valence and arousal in
the replication of the results rather problematic. order to effectively manipulate these two affective dimen-

A leading theoretical approach in the current literaturesions.
involves the dimensional analysis of emotions. Dimensional
theories of emotion differ from basic emotions theories Factors that Affect Time Perception
(Argyle, 1975; Chance 1980; Plutchik, 1962) in that they =~ Several factors have been shown to affect perceived
do not classify emotions on the basis of the presence odurations. Three variables are particularly relevant to the
absence of independent and specific emotional states (e.goyesent study. These are: (a) attention and amount of infor-
fear, anger, or joy). Instead, they assume that emotions camation processing (b) arousal, and (c) affective valence.

Attention and amount of information processing.
Attentional models of time perception have proposed that,
We wish to thank G.B. Vicario, P. J. Lang, L. Stegagno, D. Palomba,during a time judgment task, attentional resources allocated
P. Bressan, R. Mucha and L, Krueger (associate editor), and the refeg, tha stimulus are subtracted from the attention that indi-
ees for their helpful suggestions and comments. Correspondence. . .
should be addressed to Alessandro Angrilli, Antonella Pavese, orvIduals d_evote t(_) the processmg Of time.As a Cons_equence’
Paolo Cherubini, Dipartimento di Psicologia Generale, Universita di when an interesting stimulus or a stimulus that requires more
Padova, v. Venezia, 8 - 35131 Padova, Italy. attentional resources is presented during the interval to be
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estimated, fewer time units are processed and the individuakaiting conditions might be independent of the valence of
tends to underestimate the temporal intervals (see, e.gthe stimulus and be associated uniquely to an enhanced at-
Thomas & Weaver, 1975; Treisman, 1963; Zakay,1992,tention to time. Therefore, it seems that these studies were
1993a, 1993b; Zakay & Yehoshua, 1989). more concerned with the expectancy condition than with

In studies designed to verify the influence of attention valence manipulation. Indeed, during waiting it is not pos-
on time perception, attentional variables have often beersible to control subjects’ cognitive and emotional activity
confused with arousal or emotional valence. For instancebecause they are not engaged in any task.

Hawkins and Tedford (1976) had subjects listen to differ-  Langer, Wapner and Werner (1961) found shorter time
ent prose passages recorded on tape. Subjects judged intestimates for subjects experiencing fear of danger than for
esting tapes to be shorter in duration than non-interestingubjects in a neutral condition. However, their study is se-
ones, in agreement with the predictions of attentional mod+iously flawed by the fact that the pressure on the button
els of time perception. However, “interesting” tapes had athat was used to estimate the period of time also caused the
sexual content and therefore also involved higher levels oflanger to disappear. Thayer and Schiff (1975) asked sub-
arousal as well as a positive valence. jects to estimate the time interval spent in an eye-contact
Several measures of information processing of thesocial task and manipulated the facial expression of the
stimulus have been studied in relation to time perceptionsubject’s partner, a critical factor that can influence the af-
such as interest, processing times, originality, complexity,fective valence of an interpersonal contact. Time estimates
and attention. It is always important to distinguish betweenwhere longer when combined with a negative-unpleasant
the difficulty of a task and the complexity of a stimulus, (scowling-angry) than with a positive-pleasant (smiling-
because these factors refer to different cognitive sets. Th&iendly) facial expression.
former are related to active-productive processing whereas Watts and Sharrock (1984) showed that spider-phobic
the latter are related to passive-perceptual processing. Th&ubjects gave longer estimates of a short interval spent ob-
amount of cognitive processing during passive tasks canserving a spider than did nonphobic controls. In this study
not be directly measured (Zakay, 1993a; Wallace & Rabin,as well, no attempt was made to control for arousal levels.
1960) since it depends on internal mental activity that doesGupta and Cummings (1989) found that events that seem
not require an overt response. A classic measure of thé& occur quickly are perceived as more pleasant (positive)
amount of attentional resources allocated to a stimulus (théhan those that seems to occur more slowly. In this study,
primary stimulus) is the delay to react to a secondary probéime perception was the independent variable and was ma-
stimulus (dual task paradigm). This is an indirect but pre-nipulated through changes in either physical activation (by
cise index, based on the assumption that the amount afontrolling circadian rhythms and the use of caffeine) or
attentional resources devoted to the secondary stimulus ithe presentation of an external ticker.
inversely proportional to the amount devoted to the pri- In summary, the literature offers some evidence that
mary stimulus. However, performance in the primary tasknegative stimuli cause an overestimation of the time spent
is affected by the presence of a secondary task. If the taséttending to them, and positive conditions cause an under-
of interest is the evaluation of a time interval, then the in-estimation. However, studies manipulating more system-
troduction of an interfering task within the same period will atically emotional factors are still lacking.
create a strong confounding factor.

An alternative approach is to examining attnetional The Experiment
attentional variables is to measure non invasive indices of In the present study, we investigated the effect of emo-
attention, such as the heart rate changes, which do not réional stimuli on time perception, using psychophysiologi-
quire the introduction of an additional task. cal measures as independent indexes of attention and

Several studies have shown that activation (as operaarousal. Several studies have shown that some psychophysi-
tionally defined by the authors) can affect time evaluation.ological measures reliably covary with rated emotional va-
Activation levels have been manipulated in a number oflence and arousal. For example, face muscular activity is
ways, such as increase or decrease of body temperature (Feecifically related to differences in the pleasantness of the
Bradbury & Hampton, 1967), manipulation of circadian stimulus material , whereas skin conductance responses are
rhythms and administration of drugs (Gupta & Cummings, strongly correlated with changes in rated arousal (Greenwald
1986). Incrementing physical activation levels has beenet al., 1989; Lang et al., 1993). Heart rate is a classic index
found to cause an overestimation of perceived time. How-0f the amount of attention (also termed “orienting response”)
ever, Curton and Lordahl (1974) found that different acti- induced by brief perceptual stimuli, such as photographic
vating methods (physical activity vs. threat of shock) haveslides (Bradley, Cuthbert, & Lang, 1990, 1991; Graham &
different effects on time perception. Clifton, 1966; Lacey & Lacey, 1970).

In several time estimation experiments, valence manipu-  The main purpose of the present experiment was to
lation was performed in waiting conditions (Curton & study the influence of stimulus-induced emotional arousal
Lordahl, 1974; Edmonds, Cahoon, & Bridges, 1981; Hare,and affective valence on the estimation of temporal inter-
1963; Schiff & Thayer, 1968). Block, George, and Reed vals spent passively attending to the stimulus itself (neither
(1980) showed that waiting condition per se affects timewaiting for it, nor acting on it). We used standardized pho-
judgments. Fraisse (1963) proposed that time estimates itpgraphic slides rated for valence and arousal to systemati-
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cally manipulate these two dimensions. In order to mea-dimension (two levels: low valence - negative emotion, and high
sure the attentional processing and the arousal responsé?'ence - positive emotion) and the arousal dimension (two lev-
e

. . T . . ) s: low and high).
elicited during the viewing interval (i.e., during the time “"'p¢ noytral group was used only as a filler. The data for this

processing period) heart rate (HR), as an index of atteNgroup were discarded from statistical analysis as the non-emo-
tion, and skin conductance responses (SCRs), as an indesonal condition represented by neutral slides is associated to an
of arousal, were also collected. arousal lower than all other emotional slides, and a valence placed

The second goal of the experiment was to verify Whetherjn between pleasant and unpleasant slides. However, the mean

. . values for these stimuli will be reported in the tables and figures
the method adopted to assess duration would modify the 5 5 non-emotional control conditri)on. g

effect of valence and arousal on time perception. Two meth- The eighteen slides were organized into three different
ods were used to judge durations, both within a prospecsequences completely randomized over the whole sequence for
tive-judgment paradigm: estimation on an analog scale and'ide category and independently randomized for duration inter-

: . . _vals. The subjects were randomly assigned to one sequence upon
reproduction of the interval by pushing a button. Accord their arrival in the laboratory. Within each emotional category,

ing to seve_ral authors (Clausen, 1950; Danziger & Du Preezgne slide (two for the neutral slides) was projected for 2 sec, one
1963; Schiff & Thayer, 1970) these two methods producefor 4 and one for 6 sec. Each slide was projected equally frequently
qualitatively different time evaluations. According to oth- at the three intervals.

ers (Zakay, 1993b) no difference can be found between ) ) )
them. Physiological Recordings

. . . . Experimental events were controlled by a personal computer
Finally, we investigated the effect of the duration of the controlling a dedicated triggering device, Teléh@aesigned for

interval to _be estimated or reprodu_ced. The emotionakachistoscopical experiments), with 1-msec precision. Slide dura-
esponses induced by the standardized slides developn was controlled by an electronic shutter with rise/fall time of

withing 6 sec and then extinguish (Greenwald et al., 1989]ess than 5 ms. Psychophysiological recording started 2 sec be-
Lang et al., 1993). Thusn we decided to chose three equall re the stimulus onset and lasted for 10 sec. Data acquisition was

. . . . erformed by a Macintosh Il computer and NB-MIO-16L-25 A/
distanced intervals (2, 4, and 6 sec) within this standard—D board (National Instruments). Acquisition and data analysis pro-

ized 6-sec interval. grams were implemented in LabVIEW 3 (National Instruments)
as described by Angrilli (1995). A Digitimer Ltd (England) sys-
METHOD tem amplified and filtered the physiological signals. HR was mea-
sured by using standard lead Il electrode configuration. Electro-
Subjects cardiogram was sampled at 500 Hz, passed through a software

Fifty-three undergraduate students participated in the experiirigger and conve.rted into interbeat intervals before bging stored.
ment as part of their class requirement. Subjects were randomly\fter the conversion, HR data were reduced off-line in half-sec-
assigned to one of the two time estimation conditions: Evaluationond bins according to the harmonic mean criterion (Graham, 1978).
on an analog scale (27 subjects) or Interval Reproduction (26 sub- For SCR, Ag/AgCl electrodes (1 cm diameter, K-Y jelly fill-
jects). Two subjects, one for each condition, failed to give someing) were placed on the palmar side of the medial phalanges of
time judgments, and therefore their remaining data were discardethe index and middle finger of the nondominant hand. Electrodes
from data analyses. were fed in a 0.5 V, constant voltage transducer (Fowles et al.,
1981), followed by an amplifier set to gain 5,000 and high-pass
filter set to a 5-sec time constant: The signal was sampled at 20
Hz. SCRs were scored as the maximum value (in microohms)
: : . -~ “found within the 1st and 4th second after slide onset (Prokasy &
Affective Picture System (IAPS: Center for the Study of Emotion Raskin,1973). Log transformation (log[SCR+1]) normalized the

and Attention - CSEA-NIMH, 1995). These stimuli, extensively .~ "%
X ; ’ : ' istribution of the responses.Heart Rate and SCR data were com-
used in emotion research have been standardized for self-assesslgﬁ‘ed as differences across a 2-sec baseline.

valence and arousal on very large samples of subjects across t
world. In addition, other factors related to the attentional process .
induced by these slides have been investigated, including subjeclime Judgment o _
tive interest ratings and slides’ free viewing times. _ Subjects were told at the beginning of the experimental ses-
Five groups of slides, homogeneous for valence, arousal angion that their task would involve a time estimation. We adopted
content were selected according to IAPS standard ratings, as fokhe prospective paradigm, which should be more likely to give
lows: (1) pleasant (valence range 6.5-8.5), high arousal (rangefgsults in a.ccordan.ce Wlth. attgntlonal theories. Within this para-
6.5-7.5) slides, representing erotic material; (2) pleasant (valencé&ligm, two different time estimation methods were used. Both judg-
6.5-8.5), low arousal (range: 4-5.7) slides, representing babies an@ents were made soon after the offset of each slide. In one case
animal puppies; (3) neutral (valence 4-5.5; arousal 2.5-3) slidesthe subject had to mark on a graduated analog scale (0-10 seconds
representing household objects; (4) unpleasant (valence 1-4), lown 20-cm length) the perceived duration of the stimulus. The rat-
arousal (4-5.7) slides, representing spiders and rats; (5) unplea$?gs were measured as a distance on the scale rounded off to _the
ant (valence 1-4), high arousal (arousal: 6.5-7.5) slides, represenfiearest 10th of a second (2 mm). In the second case the subject
ing bloody human wounds. The description of the 18 selected slide§ad to reproduce the interval by pushing a button for a duration
is reported in the Appendix (Table Al). that matched the duration of the perceived period. The reproduced
In order to verify arousal and valence rating in our sample ofinterval was measured with 1-ms precision. .
subjects, ratings were collected during the experiment by means Both estimates of time duration were computed as a differ-
of the Self-Assessment-Manikin (SAM; Hodes, Cook & Lang, ence from the target period of time (2, 4 or 6 sec) expressed as a
1985; Lang, 1980), two 9-point visual scales representing a carproportion of the target period (T = (To irzed Tiaged Tiarget
toon-subject ranging from sad to happy (emotional valence) and3rown, 1985; Fanton, 1989; McConchie & Rutschmann, 1970;
from calm to activated (arousal). Schiff & Tayer, 1968,1970, Treisman, 1963). In the range of short
Each of the five groups included three slides, except for thedurations (1-6 sec) time estimation is approximately in linear pro-
neutral group which included six. The four valence/arousal groupsPortion to real time (Bobko, Thompson & Schiffman, 1977; Eisler,
of slides were defined by the intersection between the valencd975; Fraisse, 1984; Stevens,1960). Therefore, this transforma-

Materials
Eighteen colored slides were chosen from the International
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. . ' . . decelerative phase that has been interpreted as “orienting” (Brad-
tion was needed to compare different fixed-interval estlmatlons|%y et al. 1990; Graham & Clifton, 1966).

(the scores are computed as percentage of error compared to the' Gjyen the latency of the SCR (about 2 sec for the beginning

real interval) and to increase the homogeneity of the variances fops tne response, and 3-4 sec for the maximum peak), it was ana-
statistical computations (the Greenhouse-Giessen epsilon valugg,eq petween 1 and 4 sec after stimulus onset (Prokasy & Raskin,
were higher after this transformatlc_)n). We preferred this transfor_-1973) In this way, SCR is related only to the emotional activation

mation, rather then the equally viable and perhaps more tradigjicited in the 1st sec. Since subsequent SCR peaks are affected
tional simple ratio T, /T, PECAUSE it gives information about ,y, the activity after slide offset, analysis of the responses detected
both the extent and direction of the misestimations. negative valfier 4 sec was not performed. Therefore, it is expected that the

ues indicate absolute underestimation of the target period, whilgnain effects of the Duration variable (2-4-6 sec conditions) will
positive values indicate absolute overestimation. Statistical analysnhow no differences among SCRs computed.

ses were performed on the transformed data, while the raw time
estimations are shown, together with their standard deviations in RESULTS

the tables A2 and A3. An analysis of variance (ANOVA) was computed for
Procedure each dependent variable: transformed time estimates, SCRs,

After giving informed consent, the subject was led into a dimly HR, and SA_M grousal and valence .ratlngs. .
lit room and asked to sit in a reclining chair. The slide image had ~ The design included four factors: one between subjects

an area of 86 x 58 cm and was projected at a distance of 170 crand three within subjects. The between-subjects factor was
from the subject's eyes (2% 19.5 of visual angle). After the  time estimation method (analog scale vs. interval reproduc-
electrodes were placed, the subject was familiarized with the SA ion). The three within-subjects factors were: (1) emotional

rating and the time estimation procedures. The subject was then | hiah val ol lid | | /
given a booklet with a page for each slide. On every page, theré@lénce (high valence/pleasant slides vs. low valence/un-

were two SAM scales for arousal and valence ratings of the slidepleasant slides); (2) emotional arousal (high vs. low arousal),
and, only for subjects from the analog estimation group, the anaand (3) projection duration of the slides (2, 4 and 6 sec).
log scale for time estimation. F(1, 49) =

A push-button was used to measure time reproduction . The
subject was told to watch the slide the entire time it was projectedJ. . .
on the screen. Soon after the picture offset, the subject had t ime Estlm_ate AnaIyS|§ ) . .
mark on the analog time-scale or to push the button reproducing  The main effect of time estimation method was highly
the time interval. After time estimation, the subject was asked tosignificant (1, 49) =10.264p < 0.002], indicating that

rate the picture on both SAM dimensions, arousal and valence. Anean-rcorr in the interval reproduction condition was sig-

variable random interval (25-40 sec) occurred between picture_ ... : :
presentations: the subject was told to relax after the ratings. enlflcantly smaller than the analog scale ratings (-0.364 and

In order to acquaint the subjects with the rating procedure,”0-139, respectively). Thus, the interval reproduction
four slides were shown as practice with the rating proceduresmethod led to a larger underestimation of the real durations
After 5 min relaxation, the experiment began with the projection compared to the analog scale method (Tables 1 and 2). It is
of 18 slides ordered in one of three random sequences. At the enggth noting that the variance of analog scale ratings was

of the experiment, a debriefing questionnaire was administered t . . . .
the subject in order to verify whether the instructions had beerﬁEhree times larger than interval reproduction ratings (0.136

well understood during the experiment. and 0.046, respectively). This larger variability for the esti-
mation method is consistent with previous studies (Danziger
Data analysis & Du Preez, 1963; Siegman, 1962). The main effects of

Due to variations in stimulus duration across the conditions,valence, arousal, and duration did not reach statistical sig-
special methodological considerations were required. The SAMpificance.

procedure was standardized for 6 sec presentation of stimulus Lo . N
material. Therefore, it was necessary to check for unusual re- The methodk duration interaction was significari(g,

sponses due to the 2- and 4-sec conditions. 98) =4.607p < 0.01] with post-hoc analyses indicating that
Physiological responses were also analyzed. For methodologithe largest difference between the two methods was ob-

cal reasons, only responses a_chieved by the first 2 sec epoch caaryed at 4-sec duration compared to 2 sec and 6 sec (Fig-
be considered. Direct comparison of heart rate measured at Z’éﬁre 1; Table 1)

and 6 duration intervals could not be performed because of th .
different number of data points in each duration condition. There- | h€ mostimportant result, however, concerned valence

fore, statistical comparison of HR responses in the first 2 sec afteand arousal effects. Although both the arousél [49) <
slide onset was performed. This epoch represents the first

Table 1
Means and Standard Deviations of the Transformed Time Estimations
for the Emotional and Neutral Slides—Interval Reproduction Method

Arousal
Positive Negative
Low High Low High utralNe
Time M SD M SD M SD M SD M SD
2sec -.334 .267 -.363 241 -414 .209 -.198 .285 -356 .184
4sec -.340 .180 -424 .138 -.400 .189 391 .180 -370 .182

6sec -.332 212 -.421 .182 -.397 .180 -.354 .226 -.365 .198
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Table 2
Means and Standard Deviations of the Transformed Time Estimations
for the Emotional and Neutral Slides—Analog Scale Method

Arousal
Positive Negative
Low High Low High utralNe
Time M SD M SD M SD M SD M SD
2sec -.124 .438 -.155 452 -.256 .387 -.151 433 -.206 .367
4sec -.068 .328 -.140 .345 -121 .353 -.062  .402 -.132 132
6sec -.136 .383 -.161 .330 -.134 .382 -174 311 -.181 .305

1] and valenceH(1, 49) < 1] main effects failed to reach tion, underestimation decreased from the 2-sec duration (-
significance, the interaction of valence by arousal was highly0.282) to the 6-sec duration (-0.250), whereas at high arousal
significant [F(1, 49) =15.151p < 0.0003; Figure 2]. Posi- condition underestimation increased in the same interval (-
tive and negative valence conditions showed an opposit®.217 and -0.278, respectively, for 2 and 6 sec). Post hoc
trend at low- and high-arousal levels. In the high arousalsimple effects analysis showed a significant difference of
condition, positive slides were underestimated more thararousal in the 2-sec conditioR(R, 49) = 4.168p < 0.05].
negative slides, (J were -0.277 and -0.220, respectively,
for positive and negative slides) whereas at low arousal conSCRs Analysis
dition positive slides were underestimated less than nega- SCRs showed two significant main effects. There was a
tive slides (-0.222 and -0.287, respectively). Post hoc simplénighly significant effect of method; during interval repro-
effects analysis showed significant differences among allduction all the values were higher than those of the analog
levels F(1, 49) = 4.532p < 0.04]. That is, we found sig- scale condition [0.27 vs. 0.11 microohrAgl, 51) = 17.568,
nificant differences between positive and negative slides ap < 0.0001]. Also highly significant was the effect of arousal
both levels of arousal, as well as between low and higHF(1, 51) = 32.903p < 0.0001]. Skin conductance was
arousal at all levels of valence. Neutral slides (M = -0.268),higher for high-arousal slides tha for low arousal slides (0.16
which were used as fillers, showed time-estimation valuesnicroohms) in both estimation methods (Table 3).
in between those of emotional stimuli, somewhat more un-  The Methodx Arousal interaction failed to reach sig-
derestimated than the mean of all the the emotional condinificance F(1, 51) = 2.562]. As predicted, the duration ef-
tions (M = -0.251). fect also failed to reach significandg(], 51) < 1]. This
The three-way interaction methadvalencex arousal  indicates that the SCR effectively represented the emotional
failed to reach significancd=(1, 49) =1,221], indicating responses restricted to the first 2 sec of each slide and that
that the same trend appeared in both estimation methodsil the differences associated to the offset of the shortest
The arousak duration interaction (Figure 3) was signifi- slides were avoided by the analysis method used.

cant F(2, 49) = 3.635p < 0.03]. In the low arousal condi- .
HR Analysis

HR was analyzed in a time-window that included the

Time estimaton: method and duration first 2 sec after slide onset (interval during which all slides
0 were observed regardless the different duration of projec-
tion, 2, 4 or 6 sec). Results showed a significant effect of
01 - valence F(1, 51) = 4.962p < 0.03]: positive slides elicited

/‘\ an increase in HR responses (0.320 beats per min, SD= 2.46)

02 _ whereas negative slides induced a deceleration (-0.750 beats

' per minute, SD= 2.63; Table 4).
r-~—~"~—""~"~>~>"~>"~>"=>"="==°=7=77 Both the effects of duratio-{1, 51) = 2.390] and the
034 durationx valence interactiorH(1, 51) < 1] failed to reach
E\E_/a significance. As with SCR, this means that the different
0.4 4 durations of slide projection did not affect the psychophysi-

T ological response induced in the first 2 sec.

Tcorr

-0.5 T T T
2 sec 4 sec 6 sec SAM Ratings Analysis
Duration The SAM valence ratings showed the expected highly
_ _ _ significant effect of valenceF[1, 49) = 1058.528p <
Figure 1: Modality x Duration. Mean values of the Analog o 0001] with positive slides producing higher ratings than
Scale and Reproduction Interval modalities computed for 2, 4 and . . . L
6 sec duration intervals. In ordinate duration estimations are ex-  negative slides. SAM arousal ratings also showed a signifi-

pressed as percentage of variation: J .= (T cant difference between low and high arousal sli&€, [

eslimaled-Ttarget)/T target”
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Time estimation: Arousal and Valence in HR for unpleasant stimuli in the present experiment could
0.2 be interpreted as an attentional effect: unpleasant slides
would induce a larger orienting reaction than pleasant slides.
This is consistent with another indirect measure of atten-
tion recently used on the same kind of stimulus material by
Cuthbert, Bradley and Lang (1995). In a study which in-
cluded a comparison between free viewing times of a sample
of IAPS slides, subjects watched longer to negative slides
than to positive slides averylevel of arousal. The authors
concluded that, keeping arousal constant, the negative slides
were always more interesting than the positive ones. Both
SAM self-reports and physiological recordings showed that
the arousal and valence discrimination was completed
within the first 2 sec.

Tcorr

-0.3 T T
Low High

Arousal

Figure 2: Valence x Arousal. Slides were selected along Va- T|me_est|mat|on results . .
lence (pleasant versus unpleasant) and Arousal (high versus low) Difference between evaluation and reproduction
dimensions according to the standardized (a priori) SAM ratings. methods In all conditions tested, time was underestimated.
In ordinate duration estimations are expressed as percentage of This effect can be interpreted as a function of the overall
variation: T .= (T gimaed T arged) T tarcer: . L . .

corr % estimated  target™  targe attentional set, which is determined by the perceptual slide-
viewing task (Lang et al. 1993) together with the time-pro-
49) = 138.91p < .0001]. Since neither the main effect of spective estimation task. In prospective paradigms of time
duration nor its interactions with other factors reached sig-estimation, a general underestimation of the experienced
nificance, we can conclude that different slide projectioninterval is expected (Thomas & Weaver, 1975; Treisman,
intervals did not produce any difference in perceived va-1963; Zakay, 1992, 1993a, 1993b; Zakay & Yehoshoua,
lence and arousal as assessed by SAM ratings. 1989).

Furthermore, durations were more underestimated in the
reproduction condition than in the analog estimation con-
Phvsiological results dition. Like the present study, the study of Osato, Ogawa,

y 9 and Takaoka (1995) showed a clear underestimation for the

Higher SCRs values were measured for the reprOduc_reproduction method than for the verbal estimation method.

tion method group than for the analog scale method grouby, general, larger underestimations have been found to be

According to the literature, SCR is rated as an index of pure . . o . L

. L ‘associated with tasks with increasing complexity in pro-
sympathetic activity and arousal (Greenwald et al., 1989,S ective experimental designs (Sawyer, Meyers, & Huser
Lang et al., 1993). The observed effect can easily be inter: P P g WYEr, VIEYers, '

preted as a response to the higher arousal induced by prep%1994)' Thus, our reproduction method using button-press

ration for the motor performance (i.e., pushing a button).requeSt’ probably enhanc_ed attentior_1 to time_and increased
. ' ’"the demand and complexity of the slide-viewing task.
More importantly, the data showed a clear-cut difference in
SCR between low and high arousal conditions, for both
Method groups (see table 3). Specifically, high arousal slides
elicited higher sympathetic activity than low arousal slides Time estimation:  Arousal and Duration
within the first 2 sec of slide viewing (Greenwald et al.,
1989; Lang et al., 1993). This finding suggests that dis-
crimination for both dimensions was completed after the
first two seconds of presentation. This conclusion is sup-
ported by SAM data on both valence and arousal reported
by the subjects, which showed a remarkable stability across g
durations. 2
HR data demonstrated differences across valence lev-
els. There was a HR increase for positive slides (high va-
lence) and a HR decrease for negative slides (low valence).
HR deceleration to unpleasant stimuli is well documented 03 : : :
in the literature (Bradley et al. 1990, 1991; Hare, Wood, 2 sec 4 sec 6 sec
Britain & Shadman, 1970; Lang et al., 1990, 1993; Winton,
Putnam, & Krauss, 1984). In general, a deceleration to brief
stimuli is interpreted as an orienting reaction” (Bradley et  Figure 3: Duration x Arousal. Low and high arousal slides
al. 1990, 1991: Graham & Clifton, 1966: Lacey & Lacey, were selected according to the standardized (a priori) SAM rat-

- ) > ings. In ordinate duration estimations are expressed as percent-
1970, named it “stimulus intake”). Therefore, the decreaseage of variation: T._.= (T )T

corr”

DISCUSSION

-0.2
-0.22
-0.24

-0.26

Duration

estimated-Ttarget target”
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Table 3
Means and Standard Deviations of the Skin Conductance Responses Elicited
by the Emotional and Neutral Slides at 2, 4, and 6 sec

Arousal
Positive Negative
Low High Low High utralNe
Time M SD M SD M SD M SD M SD
2sec .14 .28 .23 .23 .18 22 24 .23 .28
4sec .16 19 21 .23 A3 A7 24 .20 AB3
6sec .17 .20 .20 22 .18 .23 19 19 A

Note—Units were measured in micromhos and log transformed in order to normalize the distribution of the responses

The literature on time perception reports differencesgested that reproduction of longer time intervals is a more
between evaluation and reproduction methods (Clausemsomplex process than reproduction of short intervals, be-
1950), but also larger variability and less reliability in evalu- cause it might require elaborate and specific cognitive pro-
ation methods than in reproduction (Danziger & Du Preez,cesses such as memory, decision and comparison, and indi-
1963; Schiff & Thayer, 1970). However, a recent study did viduation of interval cues.
not found any significant difference between verbal esti-  Valence and Arousal effects.In this section, we will
mates and reproduction methods (Zakay, 1993b). In thaefer tounder-andoverestimationsnly as measures rela-
present experiment, the analog scale method led to mortive to the overall mean of the four experimental condi-
accurate absolute duration judgments than the interval retions. The most relevant finding of the present experiment
production method, but with a larger variance. Clausenis the difference found between the low arousal condition
(1950) has suggested that analog scale estimation requiresd the high arousal condition. At low levels of arousal the
a cognitive “translation function” between perception and duration of negative slides was underestimated, while the
the acquired standardized units of measure for time. Thigluration of positive slides was overestimated. At high lev-
translation function would be different across individuals, els of arousal, however, positive slide duration was under-
and this interindividual variability could explain the larger estimated relative to the duration of negative slides. As seen
variances found with this method. in the HR results, negative slides, regardless of the arousal

The significant interaction found between method andlevel, elicited a stronger orienting reaction from the sub-
duration also provides some interesting hints regarding thgects. This result suggests that more attention was paid to
differences in time estimation methods. The 4-sec duratiomegative slides than to positive slides. Consequently, ac-
was overestimated in the analog scale condition comparedording to attentional models, the duration of negative slides
with the 2-sec and 6-sec durations, whereas it was undereshould be underestimated. However, negative-low arousal
timated in the interval reproduction condition compared with and positive-high arousal slides (i.e., the stimuli inducing
the 2-sec duration (Figure 1). This difference between thdess attentional responses) were underestimated. This is in
two methods suggests that 4 sec is the temporal transitionontrast to negative-high arousal slides (with larger
between two different strategies in time evaluation, one forattentional responses) and positive-low arousal slides (with
short duration (below 3-4 sec) and the other for longer du-a lower attentional response) which were overestimated.
rations. This interpretation is supported by Elbert, Ulrich, These results suggest the existence of two different pat-
Rockstroh, & Lutzenberger’s (1991) research in which sub-terns of time estimation, one activated in low-arousal situ-
jects were required to reproduce different temporal inter-ations, and the other in high-arousal ones that show an op-
vals in the range of 1-8 seconds. They found a larger cortiposite behavior at positive and negative valence levels.
cal negativity (contingent negative variation) for intervals It is likely that time perception during presentation of
shorter than 3-4 sec than for longer ones. The authors sudew arousal material is affected by attentional factors. The

Table 4
Means and Standard Deviations of the Heart Rate Change for the
Emotional and Neutral Slides at 2, 4, and 6 Sec

Arousal
Positive Negative
Low High Low High utralNe
Time M SD M SD M SD M SD M SD
2sec 1.05 5.18 -.88 5.71 -2.20 4.93 -.38 5.33 -.62 4.21
4 sec .67 4.73 -41 6.71 - .71 5.91 -1.34 5.58 24 3.3
6 sec 48 6.29 1.01 5.24 .39 6.11 -.27 5.52 873 3.

Note—Units were measured in beats per minute.
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low arousal trend is fully consistent with the predictions of Lang, 1990, 1991, 1993). The authors concluded that the
attentional theories of time perception. These models prearousal level caused a shift between the two different moti-
dict that the duration of an interesting (or more complex)vational sets, one attentional and the other affective. In ac-
stimulus should be underestimated, because the informacordance with this interpretation, time perception seems to
tion processing of the stimulus requires a larger amount obe a sensitive index of the direction of the action tendency.
attentional resources. Thus, positive low arousal slides, inAn approach-interesting direction indicated by a relative
ducing less information processing, are relatively overesti-time underestimation and a withdrawal-boring direction
mated, whereas negative low-arousal slides, inducing andicated by a relative time overestimation would be in-
larger amount of information processing, are relatively un-duced by a mechanism driven by the informational content
derestimated. Attentional theories, however, cannot accountf the stimulus.
for the high arousal results, in which negative slide dura- It appears relevant that the interaction between valence
tions (showing attentional responses) were overestimate@nd arousal was reliably seen at all duration levels (2, 4,
compared with positive ones (with weaker attentional re-and 6 sec) and for both methods. These results suggests
sponses). that arousal and valence effects on time estimation were
Some studies are consistent with the high arousal trendjuite capable of overwhelming the cognitive processes and
found in the present experiment. Thayer and Schiff (1975)esponse conditions involved in time estimation.
found that negative facial expressions yielded overestima- A parallel general mechanism can be hypothesized for
tion of temporal durations. Negative social contacts are cleaexplaining the arousa duration interaction. In the first 2
ecological situations that provoke avoidance reactions, angec the duration of high arousal slides was overestimated,
thus, probably, high emotional arousal. Watts and Sharrocksegardless of the valence. According to the double mecha-
(1984) found that phobic patients overestimated small in-nism previously proposed, it is likely that the early effect
tervals of time during phobic exposure. Phobic objects areof high arousal overestimation observed at 2 sec was mostly
perceived by patients in such an aversive way that they eliciemotional, whereas the subsequent underestimation at 6 sec
a strong avoidance behavior and a clear physiological dewas mostly attentional. On the other hand, low arousal
fense response (Fredrikson, 1981; Marks, 1969). Phobistimuli probably elicited only an attentional set, with an
objects can be considered as aversive-high arousal stimulearly (2-sec) approach-interest underestimation decreasing
The high arousal trend seems to conflict with the with time (due to te withdraw-boring effect). Thus, for
attentional models. Negative slides evoked an avoidancetimuli of long duration, the attentional set tends to prevail,
reaction. Since subjects were prevented from producingvhereas the emotional set would be given the priority in
avoidance behavior, negative slides projection times werghe early phase of processing.
perceived as too long (overestimated). Positive slides, on  Recent psychophysiological and neurobiological stud-
the contrary, evoked an approaching reaction and were pefes support this hypothesis. There is evidence that emotion-
ceived as not long enough (underestimated). ally arousing stimuli are processed very quickly in the cen-
This explanation of arousal and valence effects impliestral nervous system. Ohman and Soares (1994) found un-
the existence of a double mechanism triggered by arousatonscious pre-attentional responses to phobic masked
levels: an attention-driven mechanism at low arousal lev-stimuli lasting only 30 msec in subjects that reported no
els, clearly consistent with attentional models, and an emoawareness of the content and characteristics of the stimuli.
tion-driven mechanism at high arousal levels. Similar doublelt has been proposed that two different neural pathways,
mechanisms have already been described in the psychane subcortical and one cortical, are responsible for the
physiological literature. Sokolov (1963) first described a emotional stimulus processing (LeDoux, 1995). The sub-
shift from an orienting to a defense response when a toneortical pathway is quickly activated by the biologically
of increasing intensity was presented. Recent studies use@levant— highly activating and potentially dangerous—
the startle reflex paradigm to examine both attentional andstimuli but receives only incomplete information. The cor-
valence-motivational mechanisms during presentation oftical pathway is slower, but processes more precise infor-
emotional slides (Bradley, Cuthbert & Lang, 1993). mation on the nature of the stimuli and is able to inhibit
Consistent with our results, Cuthbert et al. (1995) possible early erroneous responses elicited by the first path-
showed that low arousal negative slides elicited a smalleway. The subcortical system can rapidly activate response
startle response (indicating a larger attentional activity beprograms (physiological autonomic responses) for avoid-
cause startle reflex is proportionally inhibited by attentional ance and fear-related behaviors. LeDoux’s findings are con-
engagement) than did positive slides. With increasingsistent with the early high arousal effect that we have ob-
arousal, startle responses showed a different trend, inteiserved. For the purpose of survival, the early avoidance
preted as emotion-driven, with larger aversive responses toesponse (mediated by the subcortical way described above)
negative slides and smaller appetitive responses to positives expected to be dominant over the appetitive response.
slides. This last valence-dependent effect has been observéddeed, the relative overestimation induced by the high
previously in a number of studies (Bradley, Cuthbert & arousal stimuli at the shortest interval (2 sec) progressively
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shifted to underestimation at 4 and 6 sec, whereas low- perception: activation and emotidRsychophysiologyd3, 103-
arousal stimuli became progressively less underestimated, 111 )

Th hophvsiol p Qf d y hvsiological evi CBAMASIO,A. R. (1994)Decartes’ error: emotion, reason and the hu-

€ psychophysiologica _an _”eUfOP nyIO Og_ICEi e\{" man brain.New York: Grosset/Putman.
dence for a double mechanism is also in line with a bio-panzicer, K., & Du Preez P.D. (1963). Reliability of time estima-
logically adaptive function. The approach-withdrawal tion by the method of reproductioRerceptual and Motor Skills
attentional mechanism would be aimed to optimize the gath-_ J&gg%gﬁ“- Ouoon, D., & Bribacs B. {1981), The estimation of
. . . . , .V, , D., DGES b. .

e”n_g _Of relevant _mforma_tlon from the env'ronme_n_t and time as a function of positive, neutral or negative expectancies.
avoiding loss of time during low information conditions.  Bulletin of the Psychonomic Socigty, 259-260.
The appetitive-aversive emotional mechanism would pre-Eister, H. (1975). Subjective duration and psychophys#ss/cho-

pare the organism to react promptly in the right direction to_ logical Review82, 429-450.
ELBeRT, T., WLRICH, R., FocksTRoOH B., & LutzEMBERGER W. (1991).

the pleasant-unpleasant St'mu“', QbV'OUSIy’ many other fac- The processing of temporal intervals reflected by CNV-like brain
tors would affect the arousal-shifting threshold, such as the potentials Psychophysiology28, 648-655.

internal state of the organism, the context in which the stimu+anton, V. (1989). Does the psychophysical method affect the time
lation appears, and prior experience. error?Bullettin of the Psychonomic Socigy, 559-562.

. FowLEs D.C., GirisTIE, M.J., EDELBERG, R., RINGS, W.W., LYKKEN,
In summary, our results show evidence for an effect on D.T., & VenaBLES, P.H. (1981). Publication recommendations for

time estimation due to the manipulation of two primary  electrodermal measuremerfsychophysiologyi8, 232,239.
components of emotions, affective valence and level offraissg P. (1963)The psychology of timdlew York: Harper & Row.
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NOTE

1. The term “arousal” originated from neurophysiology’s ARAS

ascending reticular activating system), a subcortical structure able

SchiFr, W., & Traver, S. (1968). Cognitive and affective factors in g induce widespread and unspecified activation-alertness of the
temporal experience: Anticipated or experienced pleasant and unyhole brain. In particular, the term arousal in psychophysiology

pleasant sensory everferceptual and Motor Skill26, 799-808. r

efers to the phasic component of the central and sympathetic ner-

ScHiFr, W., & THAYER, S. (1970). Cognitive and affective factors in yoys system activation induced by a brief stimulation such as a
temporal experience: judgments of intrinsically and extrinsically tgne or a slide. Skin conductance is the index showing the largest

motivated successful and unsuccessful performaRegseptual
and Motor Skills30, 895-902.

ScHUMANN, J. (1990). The role of the amygdala as a mediator of affect
and cognition in second language acquisition. In Alatis (Bdb),
ceeding of the Georgetown University Round Table on Language
and Linguistics (pp. 169-176).

ScHumMANN, J. (1994). Where is cognition? Emotion and cognition in

correlation with arousal, considering both as sympathetic activa-
tion as self-reported arousal.

APPENDIX
Table Al
List of the slides (by IAPS Slide Number)

second language acquisitidtudies in Second Language Acqui-
sition, 16, 231-242.

SiecmaN, A.W. (1962). Intercorrelation of some measures of time es-
timation. Perceptual and Motor Skill44, 381-382.

SokoLov, Y. N. (1963).Perception and the conditioned refl€$.W.
Waydenfeld, Trans.). New York: Macmillan. (Original work pub-
lished 1958).

Stevens, S. (1960). The psychophysics of sensory func#aneri-
can Scientist48, 226-253.

TeLLEGEN, A. (1985). Structures of mood and personality and their
relevance to assessing anxiety, with an emphasis on self-report. In
A.H. Tuma & J.D. Maser (Eds Anxiety and the anxiety disorders
(pp. 681-706). Hillsdale, NJ.: Erlbaum.

THAYER, S., & SHIFF, W. (1975). Eye-contact, facial expression, and
the experience of tim&he Journal of Social Psycholg@®p, 117-
124.

THomas, E.A.C., & WEavER, W.B. (1975). Cognitive processing and
time perceptionPerception and psychophysids, 363-367.

TreIsMAN, M. (1963). Temporal discrimination and the indifference
interval: Implications for a model of the “Internal Clocksy-
chological Monographies’7, n.13.

WaLLACE, M. & RaBIN, A. (1960). Temporal experiendesychologi-
cal Bulletin 57, 213-233.

WarTs, F.N., & SHiaRRoOCK, R. (1984). Fear and time estimati®®r-
ceptual and Motor Skil|$69, 197-198.

WinTON, W.M., Rutnam, L.E., & Krauss R.M. (1984). Facial and
autonomic manifestations of the dimensional structure of emotion.

Pleasant low arousal slides:

171 - dog pets

205 - happy baby

175 - rabbits
Pleasant high arousal slides:

469 - naked couple

468 - erotic couple

466 - kissing couple (faces)
Neutral slides:

709 - book

715 - umbrella

705 - hair dryer

708 - fork

700 - rolling pin

706 - empty trash can
Unpleasant low arousal slides:

120 - big spider on bananas

128 - rat in the dirty

914 - dead cow
Unpleasant high arousal slides:

317 - baby with eye tumor

300 - smashed face

312 - dead cut body

Table A2

Means (in Seconds) and Standard Deviation

s of the Untransformed Time Estimations

for the Emotional and Neutral Slides—Analog Scale Method

Arousal
Positive Negative
Low High Low High utralNe
Time M SD M SD M SD M SD M SD
2sec 1.86 .90 1.69 .90 1.48 .78 1.67 .84 1467 .
4sec 3.65 1.29 3.48 1.36 3.51 1.42 3.79 1.61 3.46 1.36
6sec 5.20 1.81 4.95 1.73 5.24 2.28 4.88 1.90 4.89 1.84
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Table A3
Means (in Seconds) and Standard Deviations of Untransfomed Time Estimations
for the Emotional and Neutral Slides—Interval Reproduction Method

Arousal
Positive Negative
Low High Low High utralNe
Time M SD M SD M SD M SD M SD
2 sec 1.33 .53 1.27 48 1.17 A2 1.60 57 1329
4 sec 2.64 72 2.30 .55 2.39 .76 2.44 72 2Z132
6 sec 4.01 1.27 3.47 1.09 1.09 1.08 3.87 1.36 1.36 1.19

(Manuscript received November 8, 1995;
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