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Abstract 
According to a generalized magnitude system, the representation of time, 
space and number relies on a common cognitive mechanism. However, in the 
context of negative emotional stimuli, temporal durations undergo a subjec-
tive overestimation, while numerosity judgments are underestimated. This 
finding clearly challenged the existence of a generalized magnitude system. In 
this study, we aimed to investigate whether angry faces biases both temporal 
and spatial estimates compared to neutral faces in children aged 5 - 
6-year-old and 9 - 10-year-old. Children were to judge as short or long either 
the temporal interval or the distance separating two visual stimuli in a bisec-
tion task. Overall, the study suggests that negative emotion with high arousal 
(angry faces) leads to a distortion of both duration and distance. Such distor-
tion is reported early in development, even before the maturation of time 
perception. 
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1. Introduction 

High-arousal and negative stimuli are known to bias time perception resulting in 
a temporal lengthening effect. Interestingly, there is a controversy in the litera-
ture regarding whether this effect is specific to time perception or affects other 
dimensions such as space or number. While some studies suggest that magni-
tude estimations are differentially biased by high-arousal and negative emotional 
context [1] [2] [3], another study provided evidence for an analogue effect of 
emotion on time, space and numerosity [4]. Our objective in the present study is 
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to investigate the impact of high-arousal and negative emotional context on both 
temporal and spatial estimations in children aged 5 to 10. 

In recent decades, ample evidence has highlighted developmental, functional 
and anatomical similarities in the perception and representation of magnitudes. 
In 2003, Walsh developed the AToM theory (A Theory of Magnitudes) which 
states the existence of a generalized magnitude system involving the inferior pa-
rietal cortex [5]. Magnitudes such as time, numerosity or space might share a 
common cognitive mechanism responsible for elaborating amodal representa-
tions of “more than—less than”, “faster—slower”, “bigger—smaller” [5] [6] [7]. 
One of the main behavioural arguments in favour of a “generalized magnitude 
system” relies on the observation that magnitude estimation is characterized by a 
scalar property of variance. Indeed, the variability of estimation increases with 
absolute magnitude [8] [9]. Human beings are thus able to perceive magnitude 
so as to estimate, represent and manipulate them [10]. More interestingly, in-
fants are already capable of discriminating numerosity, duration or spatial cha-
racteristics of a stimulus (at least for easy ratios), suggesting an early develop-
ment of this ability [11]. Precision evidently improves with age, as indexed by a 
decrease in Weber ratio [12] [13] [14]. Weber ratios are used to define percep-
tual sensitivity since they reflect the ratio of the just noticeable variation to the 
initial stimuli intensity. In general, Weber ratios are obtained by dividing the 
just noticeable difference (JND) by the bisection point (point of subjective 
equality, PSE). Although the ability to discriminate temporal duration, nume-
rosity or spatial extent shows similar developmental trajectories [8] [15] [16], it 
is noteworthy that time differs from other magnitudes, in its requirement for 
cognitive control. Resources in attention and working memory are necessary to 
process temporal information, which is intrinsically sequential. In addition, it 
has recently been suggested that in children, improvement in acuity for temporal 
estimations is determined by attentional capabilities and working memory [17] 
[18] [19] [20] [21]. Given that attentional capabilities and working memory are 
not fully mature in young children; spatial judgments are much more accurate as 
compared to temporal estimations [22].  

While both adults and children can make precise judgments of temporal in-
terval or spatial extent, task-irrelevant stimulus characteristics, such as emotion, 
bias magnitude estimations. Notably, in the context of emotional stimuli, tem-
poral durations undergo a subjective lengthening resulting in an overestimation 
[23]. When judging durations of faces expressing emotion, such as anger, hap-
piness or sadness, participants show a bias towards an overestimation as com-
pared to neutral stimuli [24]. These results can be explained by the increasing 
arousal level, since negative emotional stimulus induces an overestimation of 
duration in high-arousing condition [25]. Indeed, temporal distortion is more 
robust for negative valence emotion [24] [26] [27] and for stimulating stimuli 
[28]. Facial expressions such as anger or fear lead to a lengthening effect in 
temporal perception in adults but also in children as young as 3 years of age [26] 
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[29]. Interestingly, magnitude dilation caused by emotional stimuli seems to be 
specific to time. Several attempts to investigate the effect of emotion on nume-
rosity have failed to trigger an overestimation of numerosity. Based on a genera-
lized magnitude system, negative emotions are supposed to bias magnitude es-
timation in the same direction, regardless of whether magnitude is time-, space- 
or numerosity-based. In sharp contrast with this prediction, several studies con-
sistently found that emotional context leads to numerosity underestimation [1] 
[2] [3]. In these studies, participants were to judge the number of items pre-
sented in each trial. To manipulate emotional context, Young and Cordes [3] 
inserted an emotional face stimulus (either neutral, angry or happy) before the 
to-be-estimated array of dots; while Baker, Rodzon and Jordan [1] asked partic-
ipants to judge the number of emotional face stimuli presented simultaneously 
in an array (female face expressing either anger, happiness or neutrality). In both 
studies, the presence of angry faces led adult participants to underestimate the 
number of items. The impact of emotional context on numerosity estimation is 
thus independent of whether an angry face is presented immediately prior to a 
numeric bisection judgment [3]. It is also independent of whether participants 
were to judge the number of angry faces [1] or the number of items in the con-
text of threatening stimuli (i.e. spiders; [2]). Despite this apparent consensus in 
the literature, a study conducted by Droit-Volet and collaborators [4] provided 
clear evidence for an overestimation of number and space in aversive context 
(auditory beep). Crucially, in this study, the mode of presentation for numerical 
and spatial magnitude was either non-sequential or sequential. In non-sequential 
mode of presentation, all the items in a given trial were presented simultaneous-
ly; while in the sequential mode, numerical or spatial information was not given 
all at once. Item presentation was a dynamic display (i.e. growing lines). In the 
latter, estimations of numerosity and space require resources in attention and 
working memory, so as to match cognitive demands involved in any temporal 
task. The results showed that an aversive beep biased both numerosity and space 
judgments towards an overestimation, but only when information was presented 
sequentially (this study is further discussed in the General discussion). Indeed, 
information which is provided sequentially, involves an accumulation system, 
regardless of the type of magnitudes (number and space). High-arousal stimuli 
may accelerate the speed of information accumulation or may impede potential 
loss of information [4]. To the best of our knowledge, no additional study in the 
literature has investigated how emotional faces impact spatial judgments, and no 
study has ever explored this phenomenon in children.  

In the current study, we thus aimed to investigate whether children’s spatial as 
well as temporal judgements are biased in emotional context of anger. Temporal 
judgments are biased by emotional context from the age of 3 [26] [29], but are 
not mature until 8 or 9 years old [30] [31] [32], the link between emotion and 
spatial judgment has been explored in two groups of children aged 5 and 10. If 
magnitude representation is supported by a generalized magnitude system, spa-
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tial judgments in emotional context should be distorted in a similar way, as are 
temporal judgments. To test this hypothesis, 5- and 10-year-old children per-
formed either a spatial or a temporal bisection task while the emotional context 
was manipulated through the use of an angry versus neutral face (see Figure 1). 
Anger is a negative and high-arousal emotion, likely to produce important dis-
tortions. Indeed, the overestimation of angry expressions is consistently more 
important than for other emotional expressions and previous studies showed 
that it leads to temporal overestimations in children as young as 3 years-old 
(e.g., [24]). Additionally, in line with the study of Droit-Volet [4], spatial infor-
mation was delivered sequentially in order to match the demands for informa-
tion accumulation inherent to the temporal task. As interferences in magnitude 
estimation are supposed to emerge in working memory [33], we hypothesized 
that, in our experimental design, emotional facial expressions should bias spatial 
and temporal judgments.  

2. Methods 
2.1. Participants 

A total of eighty-five children (aged 5 - 6 or 9 - 10) participated in this experi-
ment: 54 children were between 5 and 6 years old (mean age_5; 7, SD_0.29, 27 
girls and 27 boys) and 31 children were between 9 and 10 years old (mean age_9; 
6, SD_0.22, 20 girls and 11 boys). For each age group, half of the children per-
formed a temporal bisection task (judgments of duration) while the other half 
completed a spatial bisection task (judgments of distance). Group assignment 
was counter-balanced across participants. Note however that as the tasks proved 
to be very difficult, 10 children did not complete the experiment and their data 
were not included in the study (6 young children did not understand the task in-
structions in the temporal condition). All children were enrolled in kindergarten 
and primary schools located in the south of France (vicinity of Montpellier, He-
rault), where they followed the normal academic program.  
 

 
Figure 1. Panel (a) represents a schematic experimental trial design. Note that the dis-
tance between the two faces could be 4.98˚, 6.64˚, 8.3˚, 9.96˚, 11.62˚ or 13.28˚ during spa-
tial task. Panel (b) represents the two facial expressions used (in a given trial, the two fac-
es were either neutral or angry). 
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The study, as well as the consent procedure for children, was approved by the 
“academy” (education authority) inspector of the French Ministry of National 
Education and by the children’s teachers. The study was carried out according to 
the principles of the Helsinki Declaration and was approved by a local Research 
Ethics committee of University Paul Valery Montpellier. Written informed con-
sent was obtained from the parents of all participants, as well as child assent. 

2.2. Stimuli and Procedure 

The experiment took place in a quiet room of the children’s school where tables 
and chairs were adjusted to their size. Participants were invited to sit in front of 
a computer (17-inch screen) running E-Prime 2.0 software [34] to control sti-
muli presentation, timing operations and data collection. Verbal responses of 
participants were collected by the experimenter who reported the response by 
clicking on the left and right mouse buttons. 

Stimuli were drawings of faces whose emotional facial expression was mani-
pulated across trials. The faces represented either anger or neutral emotional fa-
cial expressions (see Figure 1, panel (b)). We used schematic faces instead of 
photographs because it has been shown that the use of such faces displaying only 
the basic facial components of emotional expressions (e.g., a downturned mouth 
and inward eyebrows) could help young children recognize the target emotion, 
particularly for anger and fear expressions [35]. The neutral and angry emotion-
al status of schematic faces was equally presented through the experiment, in a 
random fashion. 

Every trial started with a “fixation cross” centered on the screen (see Figure 
1). After pressing the spacebar, a couple of faces subtended 1.74˚ large × 3.1˚ 
long were successively flashed on the screen for 500 ms. The first face appeared 
either on the left or right of the fixation point and the second one was displayed 
on the opposite side so that the Left-to-Right/Right-to-Left direction of the faces 
was randomized between trials. The two faces were separated by a blank screen 
for a variable duration; between 100 and 725 ms). Children gave verbal res-
ponses (“short” or “long”) so that the experimenter reported the responses by 
pressing a button (left button for “short” and right button for “long” answer). 
Participants either performed a temporal or a spatial bisection task. In the tem-
poral bisection task, participants were asked to judge as short or long the tem-
poral interval between the first stimulus offset and the second stimulus onset. 
The actual duration lasted from 100 to 725 ms and could take 6 values 
(100/225/350/475/600/725 ms). In the spatial bisection task, participants were to 
estimate the distance separating the two faces as short or long. Faces were distant 
of 4.98˚, 6.64˚, 8.3˚, 9.96˚, 11.62˚ and 13.28˚. To match as much as possible the 
trial procedure for the two experimental tasks, the distance between faces varied 
between the shortest (4.98˚) and the longest distance (13.28˚) in the temporal 
task; and in the spatial task, the temporal interval between the faces was either 
short (100 ms) or long (725 ms). Participants first received instructions about 
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the experimental tasks and were presented twice (one for each emotional facial 
expression—neutral and angry) with the short and long durations (100/725 ms) 
or distances (4.98/13.28˚) depending on the task. In the second step, a training 
block familiarized participants with the two temporal anchors in the temporal 
bisection task (100/725 ms) or with the two spatial anchors in the spatial bisec-
tion task (4.98/13.28˚). Participants performed 8 training trials (4 short and 4 
long, in a randomized order). A response was considered correct when the par-
ticipant responded “short” for the shortest duration/distance and “long” for the 
longest duration/distance. Conversely, a response was considered incorrect 
when the participant responded “short” for the longest intervals and “long” for 
the shortest intervals. For each response, children were provided with a feedback 
(1000 ms), following Droit-Volet and Wearden’s procedure [31]. When giving a 
correct answer, the children saw the word “Correct” displayed on the screen 
alongside a clapping hands picture. In contrast, in case of an incorrect response, 
“Incorrect” appeared with a red exclamation mark. In the experimental block, 
participants were to judge whether the current duration or distance between the 
emotional faces was closer to the shortest or longest anchors previously learned. 
The procedure used in the experimental trials was identical to that of the train-
ing trials, except that children were not given a feedback anymore. Participants 
performed 12 trials per experimental condition, for a total of 144 estimations: 6 
intervals (spatial or temporal) × 2 emotions (neutral or angry) × 12 repetitions. 

3. Statistical Analysis 

Given participants’ age and task difficulty, data were trimmed to discard from 
statistical analyses responses from children who showed extremely low perfor-
mance on the anchors (shortest duration or distance and longest duration or 
distance). We calculated for each participant the proportion of Long responses 
(thereafter p(long)) separately for the shortest distance or duration and the 
longest distance or duration (depending on the task). We expected p(long) to be 
close to 0 for the shortest anchor and close to 1 for the longest anchor. We then 
computed the difference between p(long) at short and long anchors. The higher 
the difference score, the better the performance. The data of children with a dif-
ference score below 0.3 were excluded from statistical analyses. Given that the 
task proved clearly difficult for many children, this led us to discard data from 
10 additional participants (6 young children in the temporal bisection task). 
Consequently, the data of twenty-one 5 - 6-year-old children and twelve 9 - 
10-year-old children were analyzed for the temporal bisection task, and the data 
of sixteen 5 - 6-year-old children and sixteen 9 - 10-year-old children were in-
cluded in the statistical analyses of the spatial bisection task. We performed a 
repeated measures ANOVA on the proportion of “long” responses with the fac-
tors “Task” (Spatial vs. Temporal), and “Age” (5 - 6 years old or 9 - 10 years old) 
manipulated between participants, and with the factors “Emotion” (Angry; Neu-
tral), and “Magnitude” (Distance 1, 2, 3, 4, 5, 6 or Duration 1, 2, 3, 4, 5, 6) ma-

https://doi.org/10.4236/jbbs.2020.109023


J. F. Cruz et al. 
 

 

DOI: 10.4236/jbbs.2020.109023 377 Journal of Behavioral and Brain Science 
 

nipulated within participants.  
Then, to further explore the influence of emotional face stimuli on time and 

space perception, we computed for each participant and every experimental 
condition the bisection point (BP - also referred to as the Point of Subjective 
Equality, PSE). Each BP value was calculated from a slope and an intercept, ob-
tained by fitting the psychometric raw data with the Pphy package on R [36]. 
Pphy is an R package that uses the model-free package to fit the data locally per 
subject, which were included as a random effect to account for the re-
peated-measures nature of the design as well as individual differences in re-
sponse scale use. The slope, the bisection point and the JND (just noticeable dif-
ference) are extracted per subject and condition. BP represents the theoretical 
value in which the probability to judge a distance or duration as being long is 
0.5. A low BP value refers to an overestimation and a high BP value to an unde-
restimation. To assess perceptual sensitivity, Weber ratios (WRs) were calculated 
by dividing the JND with the BP for each participant and in every experimental 
condition. Additionally, as we aimed to compare perceptual distortion (accuracy 
of estimates) in the temporal and the spatial task, BPs were transformed into 
z-scores. Once standardized, the data in the temporal and spatial tasks could be 
statistically compared and the effect of Emotion in the two tasks and in the two 
age groups was thus explored. We first ran a repeated-measure ANOVA on WRs 
as a function of Emotion and Task, manipulated within subjects, and of Age 
manipulated between subjects. Then we ran a repeated-measure ANOVA on 
normalized BPs as a function of Emotion and Task, manipulated within subjects, 
and of Age manipulated between subjects. 

4. Results 

The ANOVA on the long responses (see Table 1) showed a main significant ef-
fect of Magnitude (F(5, 305) = 340.26, p < 0.001, η2p = 0.85), revealing that par-
ticipants were able to correctly perform the tasks. It also revealed a main effect of 
the Task (F(1, 61) = 7.65, p = 0.007, η2p = 0.11), and a significant interaction 
between Magnitude × Task (F(5, 305) = 7.35, p < 0.001, η2p = 0.11) showing 
that, as expected, performance in the spatial task was higher than in the tempor-
al one. The analysis showed no main significant effect of Age (F(1, 61) = 2.53, p 
= 0.12, η2p = 0.04), but a significant interaction between Age × Magnitude (F(5, 
305) = 7.52, p < 0.001, η2p = 0.110), suggesting that 9 - 10-year-old children per-
formed better than 5 - 6-year-old participants especially on the longest durations 
and distances. The interaction between Age × Magnitude × Task (F(5, 305) = 
3.03, p = 0.01, η2p = 0.05) showed that the difference in performance between 
the two tasks (Spatial > Temporal) was higher for children aged 9 - 10 (see Fig-
ure 2: right panel) than for 5 - 6-year-old participants (see Figure 2: left panel). 

Finally, with respect to the factor “Emotion”, the analysis revealed a signifi-
cant main effect (F(1, 61) = 7.31, p = 0.009, η2p = 0.11) revealing that angry face 
stimuli led children to provide less “long” responses. The effect of Emotion  
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Table 1. Means and Standard Errors (SE) of the proportion of “long” responses as a function of Magnitude (distance or duration) 
and Task (spatial or temporal) for each age group. 

Age Task n 
Magnitude 1 Magnitude 2 Magnitude 3 Magnitude 4 Magnitude 5 Magnitude 6 

Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) 

5 years old 
Spatial Task (n = 16) 0.17 (0.024) 0.25 (0.034) 0.37 (0.046) 0.59 (0.046) 0.75 (0.035) 0.80 (0.026) 

Temporal Task (n = 21) 0.14 (0.021) 0.22 (0.030) 0.35 (0.040) 0.47 (0.040) 0.57 (0.031) 0.69 (0.023) 

9 years old 
Spatial Task (n = 16) 0.04 (0.024) 0.12 (0.034) 0.39 (0.046) 0.67 (0.046) 0.89 (0.035) 0.97 (0.026) 

Temporal Task (n = 12) 0.19 (0.028) 0.25 (0.039) 0.34 (0.053) 0.50 (0.053) 0.67 (0.041) 0.82 (0.030) 

 

 
Figure 2. Shows the proportions of “long” responses as a function of Magnitude and Task separately for the 5 - 6-year-old partic-
ipants (panel (a)) and the 9 - 10-year-old participants (panel (b)). 

 
showed that both temporal and spatial judgments were underestimated when 
faces were angry as opposed to neutral (Figure 3). As expected, the interaction 
between Emotion × Magnitude was also significant (F(5, 305) = 3.26, p = 0.007, 
η2p = 0.05), suggesting that the effect of “Emotion” is higher on intermediate 
magnitudes (distances 2, 3, 4 and 5, or durations 2, 3, 4 and 5) than on extreme 
magnitudes. But importantly, the interaction between Task × Emotion × Mag-
nitude was not significant (F < 1, p = 0.47, η2p = 0.01), revealing that Emotion 
modulates temporal and spatial estimates to the same extent. All the remaining 
interactions did not reach the threshold significance (Task × Age, F < 1, p = 0.51, 
ns; Emotion × Age, F(1, 61) = 1.25, p = 0.27, ns; Emotion × Task, F(1, 61) = 1.7, p 
= 0.20, ns; Emotion × Task × Age, F < 1, p = 0.66, ns; Emotion × Age × Magni-
tude, F < 1, p = 0.55, ns; Task × Emotion × Age × Magnitude, F < 1, p = 0.48, ns). 

The ANOVA on WRs revealed a main effect of Task (F(1, 61) = 42.09, p < 
0.001, η2p = 0.41), since WRs are much larger in the temporal than the spatial 
task. The results also showed a significant interaction between Task × Age (F(1, 
61) = 5.99, p = 0.02, η2p = 0.09), suggesting that the difference in WRs between 

https://doi.org/10.4236/jbbs.2020.109023


J. F. Cruz et al. 
 

 

DOI: 10.4236/jbbs.2020.109023 379 Journal of Behavioral and Brain Science 
 

the spatial and temporal task is more pronounced for children aged 10 (see Ta-
ble 2). The statistical analysis thus confirmed that sensitivity is higher for child-
ren aged 10 in the spatial task. 

For the ANOVA on BPs, as data were standardized for each participant in the 
two tasks and as a function of Age, we only focused on the main effect and inte-
ractions involving the factor Emotion. The main effect of Emotion was highly 
significant (F(1, 61) = 8.47, p = 0.005, η2p = 0.12), confirming the statistical 
analysis on p(long). It suggests that children underestimated both temporal in-
tervals and covered distances when presented with angry faces in opposition to 
neutral faces. The interactions involving the factor Emotion did not reach signi-
ficance (Emotion × Age, F(1, 61) = 1.88, p < 0.17, η2p = 0.03; Emotion × Task, (F 
< 1, p = 0.42, ns). Emotion × Age × Task, (F < 1, p = 0.89, ns)). 

 

 
Figure 3. Shows the normalized bisection points as a function of Emotion (Angry and 
Neutral) for all children and separately for the temporal and spatial tasks. Note that posi-
tive values refer to an underestimation, and negative values to an overestimation. 

 
Table 2. Means and Standard Errors (SE) of the Bisection points (BP in ms or mm), WRs and normalized BP as a function of 
Emotion (Angry and Neutral) and Task (spatial or temporal) for each age group. 

Age Task n Emotion 
Bisection Point WR Normalized BP 

Mean (SE) Mean (SE) Mean (SE) 

5 years old 

Spatial Task (n = 16) 
Angry 949 (31.23) 0.25 (0.043) 0.134 (0.26) 

Neutral 916 (28.16) 0.28 (0.042) −0.134 (0.24) 

Temporal Task (n = 21) 
Angry 510 (27.27) 0.41 (0.038) 0.032 (0.23) 

Neutral 501 (24.58) 0.44 (0.037) −0.032 (0.21) 

9 years old 

Spatial Task (n = 16) 
Angry 931 (31.23) 0.13 (0.043) 0.267 (0.26) 

Neutral 873 (28.16) 0.14 (0.042) −0.267 (0.24) 

Temporal Task (n = 12) 
Angry 479 (36.06) 0.47 (0.043) 0.195 (0.30) 

Neutral 444 (32.51) 0.47 (0.048) −0.195 (0.27) 
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5. Discussion 

In the current study, children were to judge either the duration or the distance of 
an empty interval between two faces. The aim of the study was to investigate the 
effect of Emotion on magnitude estimation. A large body of evidence suggests 
that, in adults and children, temporal estimates are biased towards dilation in an 
emotional context of anger or fear [26]. However, little is known about the effect 
of Emotion on spatial judgments, and even less in children. The results on 
p(long) and WRs indicate that even if children aged 5 and 9 were able to cor-
rectly perform the tasks, they were more precise in the spatial task, as compared 
to the temporal task. Casasanto et al. [22] already reported that children are 
more successful in a spatial discrimination task than in a temporal discrimina-
tion task. These observations are consistent with the literature, notably with the 
results of McCormak et al. [37] that showed that accurate estimates of duration 
improved until adulthood (for review see [17]). 

The results on the BP show the first piece of evidence for distorted magnitude 
judgments of both time and space in children, caused by emotional faces. Child-
ren from 5 to 10 underestimated temporal intervals and covered distances when 
demarcated by angry faces. The presence of angry faces thus distorted magni-
tude estimates in the same way and to a similar extent as regards both temporal 
and spatial judgments. Previous studies showed that durations were overesti-
mated in the context of threatening stimuli [30] [38] [39] while we observed the 
opposite effect for both temporal and spatial judgments. Indeed, children unde-
restimated not only durations but also distances when presented with an angry 
face compared to a neutral one. Moreover, this “shortening effect” was found ir-
respective of age in both children aged 5 to 6 or 9 to 10 (as revealed by BPs). 

This opposite effect of emotion on quantity estimation was surprising but has 
already been reported in the literature on time estimation [40] [41]. In accor-
dance with the theory of Ono and collaborators, this magnitude underestimation 
can be explained by the experimental procedure used in our bisection task. Par-
ticipants in a standard temporal bisection task are asked to estimate the duration 
of visually (or auditory) presented stimuli. However, in the present study, child-
ren were to estimate an empty interval between two stimuli, instead of stimulus 
duration per se. Ono & Kitazawa [40] developed the “retrospective shortening 
hypothesis” to account for the shortening effect, according to which the increas-
ing arousal caused by the to-be-timed event decreases the subjective duration of 
the preceding event (see also [42]). Consequently, we hypothesize that partici-
pants in our study oriented their attention toward faces, particularly toward an-
gry faces, and neglected information between these items. When facial expres-
sion evoked anger, information between the two faces was even more neglected, 
resulting in an underestimation of not only temporal intervals but also covered 
distances. 

The shortening effect for duration and distance can also be explained by the 
expectancy effect. When individuals focus their attention on a highly expected 
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event, their attention is diverted away from elapsed time. This effect is usually 
observed in dual-task paradigms [43] [44]. For instance, Droit-Volet et al. [44] 
showed that children aged 5 and 8 underestimate time when dual tasked because 
allocation of attentional resources interferes with temporal judgments. In our 
study, the procedure required children to wait until the second stimulus before 
responding. One can therefore hypothesize that children turn their attention 
toward the arrival of the second stimulus, thus triggering an expectancy effect. In 
“angry” trials, given the high level of arousal provoked by negative emotion, the 
expectancy effect is possibly enhanced. Children might process less efficiently 
magnitude information and therefore perceive both duration and distance as 
being shorter. 

Our results are in complete agreement with a couple of studies of Droit-Volet 
in which the authors provided evidence for a common effect of emotion on time 
[45], numerosity and length perception [4]. In these studies, adult participants 
were to assess duration, numerosity or line length after being exposed to an 
aversive auditory stimulus. Numerical and spatial magnitudes were presented 
sequentially and non-sequentially. The results were clear-cut in the sense that 
during sequential presentation, numerosity and length estimations were biased 
towards an overestimation in the context of an aversive noise, just like temporal 
estimations. The present study extends these findings to children, and shows 
that the mechanisms underlying distortions in magnitude estimates are already 
mature at age 5. These results are also in line with a recent study of Charras et al. 
[42] in which they provide evidence that temporal estimates in 5-year old child-
ren are biased by irrelevant spatial dimension in the same way and to the same 
extent as adults.  

Yet, note that our findings seem contradictory with recent research work pro-
viding evidence for differential effects of emotion on quantities. As mentioned in 
the Introduction, a series of studies have consistently reported that emotion dif-
ferentially affects numerosity and time. Numerical estimations are biased to-
wards an underestimation in the context of negative emotion [1] [2] [3]. As ar-
gued by the authors, this finding clearly runs counter to a generalized magnitude 
system. Nonetheless, in the three aforementioned studies (see also [46]), the 
timing task and the numerosity task did not only differ in the magnitude at 
hand, but also involved different demands in terms of information updating or 
accumulation. Timing tasks were much more demanding than numerosity tasks 
with regard to working memory requirements. To time an event, one has to re-
member the onset of an event and accumulate temporal information so as to es-
timate duration. In sharp contrast, for numerosity and line length, information 
can be provided all at once at a given moment. When information is presented 
simultaneously, there is no need for magnitude accumulation, neither for de-
mands on working memory (see [47]). Controlling for sequential presentation is 
essential to compare magnitude estimation in time and in other dimensions [9]. 
In the present study, since the two faces were never presented at the same time 
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but were instead successively flashed, information accumulation was required 
for both spatial and temporal judgments. As a consequence, we assume that the 
influence of emotional context (in particular high-arousal and negative) occurs 
at a memory stage during the accumulation process. Distortions of magnitude 
estimates, either temporal or spatial, might emerge during information updating 
for both adults and children. This assumption is entirely consistent with recent 
studies suggesting that interferences between magnitudes (leading to perceptual 
distortions) arise at a working memory stage [33]. 

6. Conclusions 

Overall, the present study confirms the results of Droit-Volet et al. [4] [38] and 
does extend the findings to children from 5 years old. When individuals make 
magnitude judgments in which information accumulation is required, a negative 
emotion with high arousal leads to a distortion of both duration and distance. 
Such distortion is reliable early in development, even before the maturation of 
time perception. Our findings are in accordance with the idea that magnitudes 
might share common resources and cognitive system and that the accumulation 
process involved in temporal or spatial estimation is a weak point where distor-
tions may emerge. 
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