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Abstract
Recognizing emotional face expressions in others is a valuable non-verbal communication and particularly relevant through-
out childhood given that children’s language skills are not yet fully developed, but the first interactions with peers have just 
started. This study aims to investigate developmental markers of emotional facial expression in children and the effect of age 
and sex on it. A total of 90 children split into three age groups: 6–7 years old (n = 30); 8–9 years old (n = 30); 10–11 years 
old (n = 30) took part in the study. Participants were exposed to 38 photos in two exposure times (500 ms and 1000 ms) of 
children expressing happiness, sadness, anger, disgust, fear and surprise on three intensities, plus images of neutral faces. 
Happiness was the easiest expression to be recognized, followed by disgust and surprise. As expected, 10–11-year-old group 
showed the highest accuracy means, whereas 6–7-year-old group had the lowest means of accuracy. Data support the non-
existence of female advantage.
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Introduction

Face expressions are well recognized as a valuable strategy 
of non-verbal communication throughout lifespan. Recog-
nizing emotional face expressions in others is a core abil-
ity for an adaptive social life (Batty and Taylor 2006). This 
ability is particularly relevant throughout childhood given 
that children’s language skills are not yet fully developed 
and the first interactions with peers have just started (Cheal 
and Rutherford 2011). Despite that, studies conducted with 
healthy children and seeking for biases in specific emotional 
face expressions recognition are scarce, and it is not yet 

possible to determine developmental markers of recogni-
tion of emotional faces (Cassia et al. 2012; Ebner et al. 2013; 
Garcia and Tully 2020; Halberstadt et al. 2020; Scherf and 
Scott 2012; Segal et al. 2019).

Previous research has shown that emotional face expres-
sions recognition follows a slow developmental pathway 
(Batty and Taylor 2006; De Sonneville et al. 2002; Durand 
et al. 2007; Ewing et al. 2017; Gao and Maurer 2010; Herba 
and Phillips 2004; Lawrence et al. 2015; Leime et al. 2013; 
Meinhardt-Injac et al. 2020; Segal et al. 2019; Widen and 
Russell 2008). This enhancement relies on social learning 
and maturation or improvement of fundamental processes 
such as perceptual processes (categorization and automa-
tion), memory, attention, and cerebral areas—fusiform 
gyrus, prefrontal cortex, insula, and amygdala—involved 
on emotional faces processing (Adolphs 2002; Dennis et al. 
2009; Hills 2012; Pollak et al. 2009; Thomas et al. 2007).

Furthermore, studies suggested that factors such as sex 
and age may influence emotional face expressions recog-
nition skill (Dalrymple et al. 2013; Lawrence et al. 2015; 
McClure 2000; Poenitz and Román 2020; Rhodes and Ana-
stasi 2012). Across all ages, when significant sex effects are 
observed, females present an advantage on facial expression 
recognition. A meta-analysis by McClure (2000) reviewed 
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117 studies on sex differences in emotional face expressions 
recognition from infancy through adolescence. A smaller but 
statistically significant female advantage was found among 
children and adolescents. However, McClure highlights that 
many studies used small samples; thus, results may not accu-
rately reflect the full population distribution. Also, a small 
number of studies provided effect sizes and only 50% of the 
available effect sizes were statistically significant allowing 
biased and overrepresented results of effect sizes (McClure 
2000). Nonetheless, other studies also indicate this female 
advantage—especially on negative emotions (Rehnman and 
Herlitz 2007; Williams et al. 2009) as well as a female but 
not male own-sex-bias (Wright and Sladden 2003).

On the other hand, research has yet aimed to understand 
how basic emotions recognition develop through each age. 
Data indicate that by six years old children recognize hap-
piness in all intensities (Gao and Maurer 2009, 2010; Herba 
et al. 2008; Richards et al. 2007). At seven years old, it is 
possible to recognize anger faces but with intensity varia-
tions (Kessels et al. 2013; Richards et al. 2007). Sadness 
shows a similar development, with good levels of accuracy 
at 10 years old (Durand et al. 2007; Gao and Maurer 2009, 
2010; Herba et al. 2008; Naruse et al. 2013). Fear and dis-
gust present mixed results with good levels of accuracy by 
10 years old (Durand et al. 2007; Herba et al. 2008; Man-
cini et al. 2013). Surprise is considered a confounding fac-
tor due to its similarities with fear being often not included 
on experiments or arising doubts about its results (Gao and 
Maurer 2010; Kessels et al. 2013; Naruse et al. 2013). In this 
sense, development of emotional face expressions recogni-
tion seems to follow childhood chronological course. At six 
years old, there is a lower accuracy, while at age 11, children 
present enhanced skills (Durand et al. 2007; Ewing et al. 
2017; Herba and Phillips 2004; Herba et al. 2008; Lawrence 
et al. 2015; Naruse et al. 2013; Poenitz and Román 2020; 
Segal et al. 2019).

However, these findings are not consistent. Stimuli 
duration and experiments’ methods are varied, making 
results’ comparison more difficult. Beyond that, few stud-
ies assess all six basic emotions as well as neutral face 
expression (Batty and Taylor 2006); and the great majority 
uses only prototypical expressions (Batty et al. 2011; Chen 
et al. 2014) or adult image datasets (Ewing et al. 2017; 
Gao & Maurer 2010; Kessels et al. 2013; Lawrence et al. 
2015; Mancini et al. 2013; Naruse et al. 2013; Segal et al. 
2019). Furthermore, there are few studies on emotional 
recognition that use stimuli depicting emotional faces of 
various intensities (Gao and Maurer, 2010; Herba et al. 
2008). Ekman et al. (1987) proposed that the assessment 
of faces includes both identification of which emotion is 
shown and identification of the intensity of that emotion. 
That intensity is mainly determined by how many of the 
key muscles of each expressed emotion are contracted and 

by how intense that contraction is. Interpretation of face 
intensity is crucial to determine one’s actions following 
emotion identification and therefore impact the quality 
of interpersonal relationships (Kommattam et al. 2019). 
Thus, it’s deemed relevant to investigate both accuracy 
and intensity of emotion recognition.

Thereby, the goal of the current study was to determine 
developmental markers of recognition of emotional faces 
in children aged between six and 11 years old. This is the 
first known study to investigate developmental markers of 
recognition of the six basic emotional faces presented in 
three intensities plus neutral faces at two different expo-
sure times in children aged between six and 11 years old 
and the effect of age, sex, and length of stimuli presenta-
tion on this ability. We hypothesized that (1) children by 
10–11 years old are more accurate in identifying emotional 
faces than children aged 8–9 years old and children by 
6–7 years old with the later having the worst performance 
scores; (2) pictures depicting faces of higher intensities are 
recognized at earlier ages and more accurately than pic-
tures depicting emotions of low and medium intensity; (3) 
girls outperform boys in emotion identification (accuracy 
of emotion and attributed intensity); (4) emotions are bet-
ter recognized at 1000 ms of exposure; and (5) happiness 
is the first emotion to be identified by all ages, followed 
in sequence by anger, sadness, fear, disgust and surprise.

Methods

Participants

Participants were recruited in four schools from two 
cities in southern Brazil. A total of 520 children were 
approached and parents gave informed consent for 136 
children. Of this sample we excluded: (a) 43 children who 
fell into the borderline/clinical threshold (T-score ≥ 60) in 
the Child Behavior Check-List (CBCL); (b) Two children 
who showed poor attention during the experiment; c) One 
child from whom we could not recover experimental data. 
All children scored > 11 points, therefore above the cog-
nitive impairment threshold as assessed by the Raven’s 
Matrices (Raven percentile M = 71.6, sd = 22.9). Thus, 
results reported in this paper concern 90 children (mean 
age = 108,04 months, SD = 18,76), 48,9% boys, 51,1% 
girls), split into three age groups: 6–7 years old (n = 30); 
8–9  years old (n = 30); 10–11  years old (n = 30) (see 
Table 1 for details). This study was approved by the Eth-
ics Research Committee of Pontifical Catholic University 
of Rio Grande do Sul (CAAE: 26,068,114,000,005,336). 
All guardians and participants gave consent.
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Instruments

Child Behavior Check-List (CBCL). Inventory answered by 
parents about their children aged between six and 18 years 
old in order to identify behavioral and emotional aspects 
of children and possible psychopathological disorders. The 
inventory comprises 118 problem items that parents rate 
0 = not true, 1 = somewhat or sometimes true, or 2 = very 
true or often true, based on the past 6 months with higher 
scores corresponding to greater problems. Eight syndromes, 
three broadband scales (Internalizing, Externalizing, and 
Total Problems), and six DSM-oriented scales, are evaluated 
(Achenbach and Dumenci 2001). CBCL was adapted and 
validated in Brazil by Bordin et al. (1995) and a high level 
of sensitivity (87%) was identified. Raw scores are converted 
into T-scores and thresholds are as the following: normal 
(< 60), borderline (≥ 60 e ≤ 63), and clinical (> 63).

Raven’s Progressive Matrices (Colored scale). Nonver-
bal test for assessment of level of intelligence of individu-
als between 5 and 11 years. Application is divided into a 
series of matrices or drawings with an introductory problem, 
whose solution is clear, providing a standard for the task, 
that becomes progressively difficult. Results are expressed 
in percentages and grades range from 1 to 5, with grade 1 
indicating intellectually superior intelligence (≥ 21 points) 
and grade 5 intellectually deficient intelligence (≤ 11 points). 
The Brazilian version was developed by Angelini et al. 
(1999) and standards for regional samples were reported by 
Bandeira et al. (2004).

Emotional Face Expression Recognition Task. A total of 
38 photos of 15 children (seven girls and eight boys) were 
used in the task. Out of these, two images (one boy and 
one girl) depicted neutral facial expressions and 36 photos 
depicted emotional expressions of happiness, sadness, anger, 
disgust, fear, and surprise. Emotional images were also bal-
anced by sex so that we had photos of one boy and one 
girl for all emotions at each stimuli intensity. For each emo-
tion six images were presented: two of them in each stimuli 
intensity (low, medium, and high). All images were selected 
from the CEPS database (Romani-Sponchiado et al. 2015) 
and were presented in black and white, with a 300 × 300 
resolution. Images were presented at two exposure times 
(500 ms and 1000 ms) adding up to 76 trials, plus two train-
ing trials conducted prior to experimental trials.

Procedures

Parents gave written informed consent and completed CBCL 
and a clinic interview of social and health information about 
the children. Participants were tested individually in a quiet 
and illuminated room at school, seated approximately 60 cm 
of a 14.7-in. monitor Dell Inspiron computer. Using E-prime 
software, the 38 images were randomly shown to children 
with duration of 500 ms and 1000 ms. Each photo was sub-
sequently classified according to emotion (sad, neutral, 
happy, angry, surprise, disgust and fear). In order to help 
children on emotion classification stage, schematic faces 
were shown (see Fig. 1). Either a verbal response or pointing 
to the corresponding schematic face were accepted and the 
experimenter registered the child response in the software. 
Following the experimental task, the Raven’s Progressive 
Matrices were applied. Data collection lasted between 45 
and 60 min.

Data analysis

Participants were assigned 1-point for each correct identifi-
cation of the face emotion (happy, sad, fear, disgust, anger, 
surprise plus neutral). Accuracy score was a proportion 
computed by the sum of correct identifications of the target 
emotion divided by the number of trials of each emotion. 
Therefore, accuracy scores range from 0 or 0% (if none of 
the stimuli was correctly identified) and 1 or 100% (if all 
the stimuli were correctly identified). Accuracy scores were 
computed for overall emotion (e.g. average score of accu-
racy of all stimuli seen at each emotion regardless of the 
intensity) as well as for each emotion in each intensity (e.g. 
accuracy of images depicted in high happiness, in medium 
happiness, in low happiness etc.). We conducted analysis 
in three steps. Firstly, having overall scores of each emo-
tion as dependent variables we conducted repeated meas-
ures ANOVA separately for 500 ms and 1000 ms in order to 
investigate the effects of emotion (happy, sad, fear, disgust, 
anger, surprise, neutral), sex(male/female) and age (6–7; 8–9 
and 10–11 years old). Next, also using repeated measures 
ANOVA we investigated the effects of length of exposure 
(500 ms and 1000 ms) comparing average accuracy scores 
of each emotion at both presentation times. Finally, we used 
a similar strategy to investigate differences in accuracy in 

Table 1  Sample Demographics

Age (months) 
(mean (SD))

Gender School Raven–Percentile 
score (mean (SD))

Male (n) Female (n) State (%) Private (%) Grade (mean)

6–7 years old 86.10 (6.04) 14 16 33.33 66.66 1.63 71.10 (28.63)
8–9 years old 108.80 (6.64) 15 15 26.66 73.33 3.27 78.50 (16.77)
10–11 years old 129.23 (6.07) 15 15 26.66 73.33 4.93 63.00 (22.38)
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stimuli of the same emotion but of various intensities (low, 
medium, high) as well as to investigate the effects of sex and 
age on accuracy scores of stimuli of a given emotion pre-
sented at different intensities. Those were also conducted for 
500 ms and at 1000 ms presentations. Neutral images do not 
vary in intensity and therefore were not used for the later set 
of analyses. Bonferroni correction was applied for all analy-
ses and data was analysed using Jamovi Stats. Finally, as 
complementary analyses, a full model was also investigated 
though repeated measures ANOVA including Emotions (6 
levels) X Intensity (3 levels) X Presentation time (2 levels) 
as within-subjects factors, and Age (3 levels) and Gender (2 
levels) as between-subjects factors and result.

Results

Effects of emotion, sex, age, face intensity 
and length of presentation in accuracy scores

Tables 2 and 3 depict average accuracy scores for all emo-
tions at 500 ms and 1000 ms presentation times.

Accuracy scores presented a similar pattern at 500 ms 
and 1000 ms exposure times. For both exposure times, mean 
accuracy scores were higher for happiness followed by neu-
tral, disgust, surprise, anger, fear and sadness (see Fig. 2). 

Repeated-measures ANOVA conducted on accuracy scores 
of 500 ms presentations yielded a main effect of emotion 
[F(6, 504) = 59.49, p < 0.001, ŋ2 = 0.25] and most pairwise 
comparisons were significant. As seen in Fig. 2 participants 
were significantly more accurate in recognizing happy faces 
than all other emotions (all p´s < 0.001)—except for neutral 
faces. Disgust was the third easiest emotion to be recognized 
with all pairwise comparisons yielding significant differ-
ences (all p´s < 0.001) except for the comparison disgust-
surprise. Fearful faces showed lower accuracy rates than 
faces of all other emotions (all p´s < 0.001) except for sad 
and angry faces. Finally, children were significantly less 
accurate in identifying sad faces than in identifying all other 
emotions (all p´s < 0.001), except for fear.

A significant age effect was also observed in accuracy 
scores at 500 ms [F(2, 84) = 10.16, p < 0.001, ŋ2 = 0.19] 
with 6–7 year old children showing lower accuracy scores 
than 8–9 year old (t = 3.41, p = 0.003) and than 10–11 year 
old (t = 4.21, p < 0.001). As seen in Table 2, when specific 
effects of age on each emotion were examined, results 
revealed significant effects of age on happy, neutral, disgust 
and surprise faces. Anger, fear and sad faces showed a pat-
tern of low accuracy (rates of correct identification below 
50%) in all age groups. There was no significant difference 
between 8–9 and 10–11 year old children and there was 
also no significant sex effect or age*sex effect. Significant 

Fig. 1  Emotion classification trial sequence
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differences were observed in stimuli of the same emotion but 
presented at various intensities with faces presented at lower 
intensities being harder to identify than faces presented at 
medium and/or high intensities (see Table 4).

Effects of emotion, age and sex were also examined at 
1000 ms presentations. A significant emotion effect [F(6, 
504) = 60.85, p < 0.001, ŋ2 = 0.22] was observed and the 
pattern of pairwise comparisons was identical to the one 
observed at 500 ms, except that at 1000 ms accuracy of 
disgust was not significantly different from accuracy of 
anger. Finally, a significant effect of age was observed 

at 1000 ms presentations [F(2, 84) = 14.83, p < 0.001, 
ŋ2 = 0.04] with 6–7  year old showing lower accuracy 
scores than 8–9  year old (t = 2.99, p = 0.01) and than 
10–11 year old children (t = 5.44, p < 0.001). Accuracy 
scores of 8–9 year old were not significantly different from 
those of 10–11 year old and no significant effect of sex or 
age*sex was observed. Similar to what was observed in 
500 ms, in 1000 ms exposure time a significant effect of 
intensity of the stimuli was observed in all emotions (see 
Table 4) with pairwise comparisons showing that, by and 

Table 2  Mean Accuracy Scores for 500 ms Presentations by Emotion, Sex and Age

Happy Neutral Disgust Surprise Anger Fear Sad

6–7 years Male 0.64(0.26) 0.53(0.46) 0.48(0.22) 0.45(0.20) 0.33(0.21) 0.34(0.22) 0.29(0.23)
Female 0.75(0.27) 0.59(0.41) 0.54(0.24) 0.42(0.22) 0.41(0.26) 0.35(0.25) 0.25(0.18)
Total 0.70(0.27) 0.56(0.43) 0.51(0.23) 0.44(0.21) 0.38(0.24) 0.35(0.24) 0.27(0.20)

8–9 years Male 0.80(0.11) 0.83(0.24) 0.56(0.18) 0.53(0.18) 0.48(0.31) 0.40(0.27) 0.33(0.16)
Female 0.81(0.24) 0.83(0.24) 0.58(0.25) 0.53(0.22) 0.44(0.20) 0.44(0.30) 0.28(0.24)
Total 0.80(0.18) 0.83(0.24) 0.58(0.21) 0.53(0.20) 0.47(0.26) 0.42(0.28) 0.31(0.20)

10–11 years Male 0.80(0.25) 0.86(0.29) 0.72(0.22) 0.61(0.10) 0.40(0.19) 0.35(0.12) 0.31(0.21)
Female 0.87(0.18) 0.86(0.29) 0.73(0.26) 0.61(0.16) 0.42(0.23) 0.38(0.23) 0.28(0.21)
Total 0.83(0.22) 0.86(0.29) 0.73(0.24) 0.61(0.13) 0.41(0.21) 0.37(0.18) 0.29(0.21)

Total Male 0.75(0.23) 0.75(0.37) 0.59(0.23) 0.53(0.17) 0.41(0.25) 0.37(0.21) 0.31(0.20)
Female 0.81(0.24) 0.76(0.34) 0.62(0.26) 0.52(0.21) 0.43(0.23) 0.39(0.26) 0.27(0.21)
Total 0.78(0.23) 0.75(0.35) 0.60(0.24) 0.52(0.19) 0.41(0.23) 0.38(0.23) 0.29(0.20)
Age Effect
df = 2, 84

F = 2.95
p = .005

F = 7.19
p = .001

F = 6.51 p = .002 F = 6.35 p = .003 F = 1.04 p = .36 F = 0.70 p = .49 F = 0.26 p = .77

Sex Effect
df = 2, 84

F = 1.79
p = .18

F = 0.07 p = .78 F = 0.34 p = .55 F = 0.04 p = .83 F = 0.15 p = .69 F = 0.32 p = .57 F = 0.89
p = .34

Table 3  Mean Accuracy Scores for 1000 ms Presentations by Emotion, Sex and Age

Happy Neutral Disgust Surprise Anger Fear Sad

6–7 years Male 0.57 (0.29) 0.57 (0.43) 0.33 (0.29) 0.46 (0.21) 0.42 (0.17) 0.36 (0.17) 0.37 (0.19)
Female 0.73 (0.29) 0.66 (0.40) 0.53 (0.28) 0.48 (0.19) 0.45 (0.24) 0.38 (0.23) 0.21 (0.19)
Total 0.66 (0.30) 0.62 (0.41) 0.44 (0.30) 0.47 (0.20) 0.43 (0.21) 0.37 (0.20) 0.28 (0.20)

8–9 years Male 0.89 (0.21) 0.83 (0.24) 0.66 (0.17) 0.51 (0.20) 0.59 (0.28) 0.36 (0.25) 0.33 (0.22)
Female 0.81 (0.20) 0.73 (0.37) 0.61 (0.29) 0.50 (0.14) 0.49 (0.25) 0.31 (0.25) 0.31 (0.20)
Total 0.85 (0.20) 0.78 (0.31) 0.63 (0.23) 0.51 (0.17) 0.53 (0.26) 0.33 (0.25) 0.32 (0.21)

10–11 years Male 0.80 (0.29) 0.93 (0.18) 0.70 (0.17) 0.58 (0.12) 0.59 (0.27) 0.44 (0.21) 0.37 (0.25)
Female 0.92 (0.18) 0.90 (0.21) 0.84 (0.22) 0.69 (0.06) 0.62 (0.23) 0.33 (0.27) 0.36 (0.24)
Total 0.86 (0.24) 0.92 (0.19) 0.77 (0.21) 0.63 (0.11) 0.61 (0.25) 0.39 (0.24) 0.36 (0.24)

Total Male 0.79 (0.29) 0.78 (0.33) 0.59 (0.27) 0.52 (0.18) 0.53 (0.25) 0.39 (0.21) 0.36 (0.22)
Female 0.82 (0.24) 0.76 (0.35) 0.66 (0.29) 0.55 (0.17) 0.52 (0.25) 0.34 (0.25) 0.29 (0.22)
Total 0.79 (0.27) 0.77 (0.34) 0.62 (0.28) 0.54 (0.18) 0.52 (0.25) 0.36 (0.23) 0.32 (0.22)
Age Effect
df = 2.84

F = 6.57
p = .002

F = 6.62
p = .002

F = 14.44
p < .001

F = 8.15
p < .001

F = 3.80
p = .02

F = 0.43
p = .64

F = 0.04
p = .97

Sex Effect
df = 2.84

F = 1.66
p = .20

F = 0.05
p = .80

F = 3.79
p = .05

F = 1.23
p = .26

F = 0.02
p = .87

F = 0.87
p = .35

F = 2.00
p = .16
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large, stimuli of lower intensities were harder to identify 
than stimuli of medium and of high intensities.

Effects of length of presentation were examined in all 
emotions and the only significant effect observed was in 
Anger [F(1, 84) = 21.751, p = 0.000, η2 = 0.21] with chil-
dren being less accurate in recognizing angry faces in 
500 ms than in 1000 ms.

Discussion

This article aimed to investigate the development of emo-
tional face expressions recognition ability in children 
between six and 11 years old. We expected happiness to 
be the most accurately identified emotion by all ages, fol-
lowed in sequence by anger, sadness, fear, disgust, and 
surprise. Data partially corroborated previously published 
studies, albeit comparisons are scarce given that to the best 
of our knowledge this is the first study to include analysis 
of all six basic emotions at low, medium and high intensity 
levels plus neutral faces. We also aimed to investigate the 
effect of age, sex and length of exposure to the stimuli on 
this ability expecting 10–11-year-old group to have the 
best results followed by 8–9 years old and 6–7 years old. 
As expected, development of emotional face expressions 
recognition followed childhood chronological course, 
since 10–11-year-old group showed higher accuracy scores 
than 8–9- and 6–7-year-old groups. Lastly, we expected a 
female advantage and general better accuracy at 1000 ms. 
Nevertheless, results did not corroborate a female advan-
tage neither a better accuracy at 1000 ms of exposure.

Development of emotional face expressions 
recognition

Happiness was the easiest expression to be recognized by 
children, being highly recognized by all ages and at all inten-
sities. This result corroborates previous studies (Garcia and 
Tully 2020; Gao and Maurer 2009; Ewing et al. 2017; Herba 
et al. 2008; Lawrence et al. 2015; Mancini et al. 2013; Poen-
itz and Román 2020; Segal et al. 2019). Facility in recognize 
happiness expressions is explained for being the most differ-
ent expression between the six basic emotions (Ekman et al. 
2002) and by the frequent amount of exposure to happy faces 
that children experience since birth (Batty and Taylor 2006). 
Additionally, identification of happiness seems to be a key 
emotion for establishing bonding (Marsh et al. 2010) and for 
eliciting motivation in social interaction (Nikitin and Freund 
2019) and, therefore, it is highly adaptative to develop this 
skill early in childhood.

Disgust also had high accuracy scores, in particular when 
presented in medium and high intensities—which is consist-
ent with previous studies (Garcia and Tully 2020; Kessels 
et al. 2013; Poenitz and Román 2020; Richards et al. 2007). 
This emotion has a strong evolutionary value of survival as 
disgust prevents the ingestion of rotten or poisonous foods as 
well as it signs any potential contamination. Recent studies 
suggest that the development of disgust is directly linked to 
identification of disgust through others’ faces (Widen and 
Russell 2013) meaning that early identification of a disgust 
face would be key to feel this emotion. Thus, it is reasonable 
that in this sample disgust showed good rates of accuracy.

Accuracy of fear was below 50% with greater accu-
racy scores being observed when stimuli was presented at 

Fig. 2  Average accuracy scores for each emotion at 500 ms and 1000 ms exposure time



473Cognitive Processing (2022) 23:467–477 

1 3

medium and high intensities, corroborating previous stud-
ies (Gao and Maurer 2009, 2010; Kessels et al. 2013). Poor 
child performance in identifying fear may be justified by 
high misidentification with surprise (Gagnon et al. 2010), 
especially when stimuli is shown in medium and high inten-
sity because fear and surprise share the open mouth feature. 
This fact may be inflated by the schematic faces used as 
anchors—fear faces have a mid-closed mouth with showing 

teeth and surprise faces have an open mouth. Thus, partici-
pants may have compared fear faces and schematic face, mis-
identificating it as surprise. In this sense, surprise was the 
third out of the six basic emotions more easily recognized 
contradicting our first hypothesis. This may be explained by 
the same issues discussed with regards to fear faces—com-
parison with schematic face turned surprise the only possible 
answer, as it was the only face with open mouth.

Table 4  Mean accuracy scores 
for each emotion by stimuli 
intensity

Neutral stimuli are not presented in this Table because there is no intensity variation for those

Emotion Stimuli Intensity Mean
Accuracy

Stimuli Intensity
Statistics

Pairwise Comparison
(p < .01)

M(sd) F p ŋ2 Pair t

500 ms Presentation
Happy Low 0.64 (0.38) 18.4 .001 .08 Low-Medium 5.44

Medium 0.87 (0.26) Low–high 4.21
High 0.83 (0.31)

Disgust Low 0.46 (0.39) 24.8 .001 .013 Low–high 6.77
Medium 0.58 (0.37) Médium-high 5.02
High 0.78 (0.28)

Surprise Low 0.07 (0.17) 199 .001 .56 Low-medium 14.05
Medium 0.67 (0.36) Low–high 20.15
High 0.84 (0.31) Médium-high 4.14

Anger Low 0.28 (0.33) 16.8 .001 .08 Low-medium 3.14
Medium 0.42 (0.35) Low–high 5.61
High 0.54 (0.34) Medium–high 2.76

Fear Low 0.25 (0.29) 12.0 .001 .06 Low-medium 4.08
Medium 0.43 (0.38) Low–high 4.35
High 0.46 (0.34)

Sad Low 0.20 (0.25) 28.3 .001 .015 Low–high 6.30
Medium 0.20 (0.26) Medium–high 5.85
High 0.48 (0.39)

1000 ms Presentation
Happy Low 0.70(0.40) 6.83 .001 .03 Low-medium 3.19

Medium 0.83(0.29) Low–high 3.08
High 0.82(0.31)

Disgust Low 0.47(0.44) 16.7 .001 .08 Low-medium 2.78
Medium 0.61(0.39) Low–high 5.39
High 0.79(0.34) Médium-high 3.23

Surprise Low 0.03(0.13) 265 .001 .63 Low-medium 17.59
Medium 0.72(0.34) Low–high 22.54
High 0.86(0.30) Medium–high 3.39

Anger Low 0.31(0.35) 26.6 .001 .14 Low-medium 5.42
Medium 0.58(0.38) Low–high 7.05
High 0.67(0.38)

Fear Low 0.23(0.29) 11.4 .001 .06 Low-medium 3.62
Medium 0.39(0.37) Low–high 4.77
High 0.45(0.35)

Sad Low 0.20(0.24) 36.7 .001 .18 Low–high 7.26
Medium 0.23(0.29) Medium–high 6.26
High 0.54(0.41)
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Anger was hypothesized as one of the easiest emotions 
to be recognized. However, in our sample this was not con-
firmed. Accuracy rates of anger were below those of disgust 
and surprise—even in stimuli of high intensity. Most of the 
studies that investigated recognition of facial expressions 
in children used adult faces (Ewing et al. 2017; Gao and 
Maurer 2010; Kessels et al. 2013; Lawrence et al. 2015; 
Mancini et al. 2013; Naruse et al. 2013; Segal et al. 2019). 
Moreover, recognition of anger in childhood seems to be 
related to the amount of exposure to violence or threat (Pol-
lak and Sinha 2002)—which typically comes from an adult 
face. In our study we used images of children. Thus, two 
potential explanations arise. The first one is that children 
of our sample come from a background of low exposure 
to threat and therefore are not socially trained to identify 
anger. Second, angry faces presented in our images match 
all requirements of muscle contraction to be an angry face 
but are not enough threatening to be identified as an angry 
face by children—meaning that images might not resemble 
real life angry adults.

The pattern of identification of sadness was in line with 
our expectation and corroborated previous studies (De Son-
neville et al. 2002; Durand et al. 2007; Segal et al. 2019) 
with a low mean accuracy in all ages. Previous studies have 
also found similar results with better accuracy in sad faces 
when stimuli of high intensity than medium and low intensi-
ties (Gao and Maurer 2009, 2010; Garcia and Tully 2020; 
Herba et al. 2008; Kessels et al. 2013; Mancini et al. 2013; 
Naruse et al. 2013; Poenitz and Román 2020). Results from 
the current study can be explained by high misidentifica-
tion with all other emotions, aspect predicted by previous 
studies (Gao and Maurer 2010; Kessels et al. 2013), or may 
also indicate that images selected for this experiment were 
dubious or of not extreme high intensities (e.g. none of the 
pictures depicted a sad face with tears).

Age, sex, and length of presentation effect

Participants of 10–11 years old showed the highest means 
of accuracy of emotion, and albeit children of 8–9 years old 
showed lower means that older children, the difference was 
not significant between these two age groups. Notably, the 
6–7-year-old group presented significantly lower accuracy 
rates than the two other age groups—even on happiness—
the easiest emotion to be recognized. This result corrobo-
rates several studies which demonstrated a direct correlation 
with neural maturation and cognitive processes improvement 
(Batty and Taylor 2006; Durand et al. 2007; Gao and Maurer 
2010; Lawrence et al. 2015; Mancini et al. 2013; Naruse 
et al. 2013; Poenitz and Román 2020; Segal et al. 2019), 
justifying a chronological pattern of emotional face process-
ing development. Interestingly, a big change in the skill to 

recognize faces seems to happen at early school children, 
whereas after that, improvements continue at a steadily pace.

Regardless of studies showing existence of sex effects, 
data from the current article does not support a female 
advantage. This data differs from our original hypothesis 
which was based on published studies (Dalrymple et al. 
2013; Lawrence et al. 2015; McClure 2000; Poenitz and 
Román 2020; Rehnman and Herlitz 2007; Wright and Slad-
den 2003) and considered the existence of a female advan-
tage in recognizing emotional faces. However, authors have 
also found results that corroborate our findings (Calvo and 
Lundqvist 2008; De Sonneville et al. 2002; Gao and Maurer 
2009, 2010; Herba et al. 2006, 2008; Mancini et al. 2013; 
Vicari et al. 2000), arguing that methodological variability 
may influence results comparison. Additionally, due to neu-
ral maturation a female advantage may appear only after 
puberty (Kessels et al. 2013; McClure 2000).

There is no consensus about length of presentation of 
stimuli in this kind of experiment. Each study uses a dif-
ferent stimuli presentation time, therefore it is not possible 
yet to postulate appropriate lengths of presentation effects 
(Batty et al. 2011; Deeley et al. 2008). However, it was 
expected that children were more accurate at 1000 ms as at 
longer exposure times they could process the information 
better. Despite this, results showed that there is no differ-
ence between the two tested lengths and, surprisingly, the 
only significant difference denotes a better accuracy in angry 
faces shown at 500 ms. This data can be justified by the fact 
that at longer exposure times children may have over thought 
and got confused about the right answer.

Developmental patterns and accuracy results presented in 
this article may be affected by the forced-choice procedure. 
This method possibly impacted children responses rising the 
rates of random choice. A free labelling procedure allow-
ing children to provide their own label for the expression is 
recommended for future research and replications. Another 
limitation is the use of schematic faces to help younger chil-
dren to see options of answer. Although this method has 
been used in studies as Gao and Maurer (2010), experiment-
ers noticed that a significant number of participants, espe-
cially from 6–7-year-old group, clearly answered based on 
comparisons between database image and schematic faces. 
It is also recommended that future studies include a larger 
sample and adult images as well as an adult group to inves-
tigation and control of a possible own-age-bias (Rhodes and 
Anastasi 2012) and own sex bias. Despite its limitations to 
the best of our knowledge, this study is the first investiga-
tion of developmental markers of emotional face expression 
recognition and the effect of age and sex in children between 
six and 11 years old through an experiment using children 
images expressing the six basic emotions in three intensities 
and neutrality presented at two different exposure times. We 
hope that the results found can be used in practical studies, 
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helping to develop trainings focused on emotion recognition 
for example.

Implication for the hypotheses

Regarding the study's first hypothesis (older children being 
more accurate and having better intensity attribution than 
younger children), significant age effects (younger children 
being less accurate than older ones) were observed in hap-
piness, fear, disgust, surprise and neutral faces. Our second 
hypothesis was that emotions of higher intensities would be 
more easily recognized. Indeed, higher intensities were bet-
ter recognized. The third hypothesis concerned girls outper-
forming boys, which was not supported. Our fourth hypoth-
esis assumed better performance at a longer exposure time 
(1000 ms), which was only corroborated for anger faces. Our 
final hypothesis predicted happiness being the first emotion 
to be identified, followed by anger, sadness, fear, disgust and 
surprise. In general, results indicated happiness as the first 
emotion to be recognized, but it was followed respectively 
by disgust, surprise, anger, fear and sadness.

Conclusions

Our findings provide novel data of emotion recognition skills 
throughout childhood. Results indicated that happiness is the 
first emotion to be recognized, followed by neutral faces and 
for disgust—a crucial emotion for survival. Next, surprise, 
anger and fear and, lastly, sadness. This development also 
follows chronological course, as younger children–6–7-year-
old group—presented low accuracy means, while children 
close to puberty–10–11-year-old group–showed higher lev-
els of accuracy. Nevertheless, data support a non-existence 
of female advantage. In addition, it is fundamental to develop 
other studies focusing on neural mechanisms and effects of 
familiarity, race, age, sex and, mostly, psychopathologies.
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