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Abstract
The present study aimed to examine the ability to recognize basic facial emotion 
expressions and sensitivity to low and high intensities of sad and happy expressions. 
These two components of emotion processing were assessed in 47 individuals with 
Down syndrome (DS), divided into three age groups. Results showed that young 
adults (aged 18.15–30.8 years) and middle-aged adults (aged 32.2–42.15 years) had 
significantly higher identification scores for happiness than the children’s group 
(aged 10.5–16.8 years). Additionally, only the middle-aged group identified anger 
more accurately than the children’s group. High-intensity happiness expressions 
were more accurately identified than sadness across all groups, while the opposite 
pattern was observed for low-intensity sadness expressions. Vocabulary level was 
associated with the recognition of certain emotion expressions, but was not with 
sensitivity to emotional intensity. Contrary to findings in typical development, no 
association was found between the two components of emotion processing in this 
population. Emotion recognition in individuals with DS is influenced by age, emo-
tion type, intensity, and task modality. Deficits may stem from inefficient perceptual 
strategies, such as focusing on the mouth region, and underdeveloped configural 
face processing. Vocabulary supports recognition of basic emotions, highlighting 
the role of semantic knowledge. A positivity bias favors happiness recognition, 
while negative emotions are often confused, potentially due to attentional and ex-
ecutive control difficulties. Neurological differences, including reduced gray matter 
and connectivity, likely contribute to persistent impairments. Understanding these 
complex factors is crucial to develop targeted interventions to improve emotional 
and social functioning in DS.

Keywords  Facial expression · Emotion recognition · Emotion intensity · Children 
with down syndrome · Adults with down syndrome
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Introduction

The ability to recognize others’ emotional expressions is central to the development 
of socio-emotional knowledge and social adjustment (Connolly et al., 2018; Finlon 
et al., 2015; Gabriel et al., 2021; Izard et al., 2008; Shen et al., 2021; Yang & Wang, 
2023). Impairments in this ability are considered one of the major causes of socio-
emotional disorders and behavioral problems (Castro et al., 2018; Pons & Harris, 
2019; Riby et al., 2008; Staff et al., 2022; Yang & Wang, 2023). Emotions can be 
expressed through various modalities (e.g., facial, bodily, vocal), yet studies suggest 
that facial emotion recognition plays a dominant role in emotional perception com-
pared to verbal or contextual cues (Liu et al., 2023) and is more directly associated 
with social interaction and behavioral modulation (O’Brien et al., 2011). Numerous 
studies report age-related changes in the ability to recognize basic facial emotional 
expressions (Richoz et al., 2018) is present in the text, but reference is missing in the 
reference section. Could you please provide the reference or delete the text citation." 
Resolved="yes"2009), though these vary depending on the type of emotion and task 
conditions. Children as young as six demonstrate high performance in labeling tasks, 
whereas similar levels are observed only around age ten in matching tasks (Baris-
nikov et al., 2020; Bruce et al., 2000; Widen & Russell, 2013). Most studies indicate 
that happiness is recognized first, followed by sadness and anger, which improve 
between ages 5 to 7, with surprise recognized between ages 6 and 10, while fear is 
often recognized even later (Herba & Phillips, 2004; Rodger et al., 2015; Widen, 
2013). However, these abilities tend to decline in older adults, particularly for anger, 
sadness, and fear, with minimal effects observed for happiness and disgust (Hayes et 
al., 2020; Holland et al., 2019; Richoz et al., 2018; Ruffman et al., 2008). It is notable 
that most of this research has used photographs of intense facial expressions.

Recent studies have highlighted that sensitivity to subtle (discrete) changes in 
facial expressions may be more relevant for recognizing complex expressions and for 
the development of socio-emotional abilities (Finlon et al., 2015; Rutter et al., 2019). 
These studies used morphing techniques to simulate different levels of facial emo-
tion intensity, gradually adjusting features from a neutral expression in increments of 
5% or 10% toward a full, intense expression at 100% or more (Hess et al., 1997). A 
few studies conducted on neurotypical (NT) children using various intensity levels 
(4, 5, 11, or even 20) reported that young children experience significant difficulty 
in decoding subtle expressions (Gao & Maurer, 2009; Herba et al., 2006; Rodger 
et al., 2018; Thomas et al., 2007). No association between age and different levels 
of intensity was observed; significant differences appeared only between the lowest 
and highest intensities for sadness, anger, happiness, fear, and disgust. The authors 
concluded that using a limited number of intensity levels was sufficient to capture 
differences in children’s perception of emotional intensity. Garcia and Tully (2020) 
reported notable development in middle childhood (ages 7 to 10) in sensitivity to the 
intensity of happy, sad, and angry expressions. Participants showed limited accuracy 
with low-threshold expressions (10%, 20%, and 30%) but significant improvement 
with medium-intensity expressions (40%, 50%, and 60%), with only minor gains 
observed at high intensities (70%, 80%, and 90%). Studies have shown that sensitiv-
ity to low-intensity sadness and anger expressions continues to develop beyond age 
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10 and into adolescence (Jenness et al., 2015), while sensitivity to surprise, disgust, 
and fear tends to develop between ages 5 and 10 (Gao & Maurer, 2010). Additionally, 
research has demonstrated that recognition of more subtle facial emotional expres-
sions has a slower developmental trajectory than recognition of intense expressions 
(Barisnikov et al., 2021; Orgeta & Phillips, 2007; Rodger et al., 2018). Barisnikov 
et al. (2021) also found that the ability to recognize lower-intensity expressions had 
a greater impact on overall facial expression recognition and served as a mediating 
factor between age and emotion recognition, a relationship not observed for high-
intensity expressions. The difficulty young children face in perceiving low-intensity 
expressions may interfere with their interpretation of emotional cues during social 
interactions, potentially impacting behavioral responses and self-regulation of emo-
tions (Denham et al., 2015; Garcia & Tully, 2020; Rutter et al., 2019). A decline in 
labeling or matching low-intensity facial expressions has also been documented in 
older neurotypical (NT) adults in their 70 s, who were less accurate than younger 
adults in their 20 s (Di Domenico et al., 2015; Orgeta & Phillips, 2007). West et 
al. (2012) demonstrated that adults in their 60 s, 70 s and 80 s had also significantly 
lower scores than middle-aged adults in their 30 s, 40 s, and 50s. These difficulties 
have been identified as risk factors for functional impairments and the development 
of psychopathology across the lifespan in the general population (Rocca et al., 2009; 
Rutter et al., 2019) and individuals with neurodevelopmental disorders (Wingenbach 
et al., 2017).

Associations between difficulties in facial emotion recognition, low socio-emo-
tional skills, and adaptive functioning have been observed in a range of neurodevel-
opmental disorders (Evers et al., 2015; Jelili et al., 2021), especially those involving 
intellectual disabilities. Down syndrome (DS), the most common genetic cause of 
intellectual disability, is of particular interest in studying these relationships. Despite 
their pro-social orientation and interest in faces, children and adults with DS exhibit 
low social-cognitive abilities (Andrés-Roqueta et al., 2021; Pavlova et al., 2018) and 
significant socio-emotional challenges (Cebula et al., 2010; Fidler, 2006; Jahromi 
et al., 2008; Kasari et al., 2001). Numerous studies suggest that these challenges 
may stem from difficulties in recognizing basic facial expressions. Most studies have 
employed high-intensity expressions (100%) and have documented lower perfor-
mance in DS populations compared to NT controls, particularly with expressions of 
fear (Cebula et al., 2017; Kasari et al., 2001; Virji-Babul et al., 2012; Williams et al., 
2005), anger (Kasari et al., 2001; Porter et al., 2007), and surprise or neutral expres-
sions (Barisnikov et al., 2020; Wishart & Pitcairn, 2000). These difficulties could 
hinder the processing of more subtle expressions, which is essential for inferring and 
understanding others’ emotional states, and in turn, may disrupt the development of 
more complex socio-cognitive skills (Cavioni et al., 2020; Pons et al., 2004). Emo-
tion recognition difficulties in DS populations have been linked to lower performance 
on tasks assessing theory of mind (Amadó et al., 2024; Comblain & Schmetz, 2020), 
emotion knowledge (Barisnikov et al., 2022; Bouras et al., 1998; Hippolyte et al., 
2009; Kasari et al., 2001), and the matching of emotions with social situations (Baris-
nikov & Lejeune, 2018; Channell et al., 2014; Kasari et al., 2001).

Surprisingly, few studies have assessed sensitivity to the intensity of facial emo-
tion expressions in individuals with DS. In a comparative study, Cebula et al. (2017) 
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used photographs depicting two levels of facial expression intensity—veridical 
(100%) and exaggerated (175%)—across six basic emotions. Participants were asked 
to match the target emotion either between two photographs or with an emotion label 
provided by an instructor. Results indicated that children with DS (ages 9–18 years; 
M = 14.76, SD = 25.3) were more accurate in recognizing high-intensity expressions, 
similar to a control group of NT children (ages 3–6 years; M = 4.68, SD = 7.4) and 
individuals with intellectual disabilities of non-specific etiology. However, children 
with DS showed particular difficulty in recognizing fear at both intensity levels com-
pared to NT children, while anger posed a challenge for all groups. Additionally, 
accuracy in emotion recognition correlated with mental age (MA) and vocabulary 
comprehension (BPVS-II, Dunn et al.,  1993) but not with emotion labeling abil-
ity. One of the few studies on adults with DS (Hippolyte et al., 2009) employed 
the Facial Discrimination Task (FDT, Rojahn et al., 1995), designed for individuals 
with intellectual disabilities, to assess discrimination between low (50%) and high 
(100%) intensity expressions of happy versus neutral and sad versus neutral faces. 
The authors found that adults with DS (mean age 34.3 years, SD = 7.1) differed from 
NT controls (mean age 5.9 years, SD = 1.6) only in their recognition of high-intensity 
sad faces, identifying significantly fewer items than NT controls. Adults with DS 
performed better with high-intensity happy expressions than with low one, while no 
differences between low and high-intensity sad expressions were observed. In con-
trast, NT controls recognized high-intensity happy and sad faces significantly better 
than low-intensity expressions. Using a modified version of the Face Processing Task 
(FPT, Bruce et al., 2000), the authors also reported specific difficulties in recognizing 
basic emotions, particularly sadness, surprise, and neutral faces. but not for happy 
and angry expressions as found with the original FPT (Hippolyte et al., 2008). Thus, 
Hippolyte et al. (2009) increased the number of distractors and items for each emo-
tion to moderate the ceiling effect observed in young NT children (Bruce et al., 2000; 
Hippolyte et al., 2008). Several authors also reported that a low number of items 
(one or two per emotion) used in some studies in the DS population may be a cause 
of inconsistency in results and, also limit the possibility to conduct separate analyses 
for each emotion (see Kasari et al., 2001; Cebula et al., 2010, 2017; Barisnikov et 
al., 2020).

The literature also suggests that some other methodological aspects, particularly 
task demands, substantially impact performance in young children and those with 
intellectual disabilities. Emotion recognition tasks that minimize reliance on language 
and memory abilities appear more suitable for these populations (Karmiloff-Smith, 
2009; Kasari et al., 2001; Morgan et al., 2010). Furthermore, tasks involving several 
intensity levels may add complexity, challenging attentional capacity and the percep-
tion of critical visual information (Blair et al., 2001; Gao & Maurer, 2009; Herba 
et al., 2008). Tasks using two levels of intensity (low and high) and simplified by 
reducing the number of response options seem more sensitive to age-related changes 
(Mienaltowski et al., 2013). It should be noted that comparative studies provide lim-
ited information on developmental trends in sensitivity to low-intensity expressions, 
as children or adults with DS are often compared to much younger NT children. 
Therefore, to interpret these findings accurately, developmental data from tasks 
adapted for these populations are crucial. In this context, Barisnikov et al. (2021) 
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assessed a large sample of NT children (ages 4–12) and a group of adults using the 
FDT and a modified FPT. Consistent with prior literature, they observed a slower 
developmental trajectory in decoding low-intensity expressions compared to high-
intensity ones. Children ages 4–10 and 12 identified high-intensity emotions signifi-
cantly better than low-intensity ones. High-intensity happiness was better recognized 
than low-intensity happiness up to age 11, while children ages 4–12 struggled to 
distinguish between high and low intensities of sadness. Notably, the results showed 
that recognition of low-intensity expressions mediated the relationship between age 
and global emotion expression recognition scores for the six basic emotions.

As shown, numerous studies have examined emotion recognition abilities in indi-
viduals with DS, generally comparing them to much younger NT controls and fre-
quently highlighting lower performance or atypical patterns in DS populations. The 
present study exclusively examines individuals with DS, focusing on performance 
specificities related to age and vocabulary level. We also draw on developmental data 
(Barisnikov et al., 2021) and existing literature to aid interpretation of our findings. 
To our knowledge, no research has yet assessed sensitivity to emotion intensity in 
both children and adults with DS within the same study. Considering the importance 
of examining both components of facial emotion recognition for understanding emo-
tion processing abilities in individuals with DS, this study aims to assess their abil-
ity to (1) recognize basic facial emotion expressions, and (2) discriminate between 
two levels of expression intensity, through age. Based on developmental data, we 
hypothesize that better recognition of low-intensity expressions will correlate with 
higher accuracy in recognizing high-intensity basic emotions. We also expect that 
chronological age and receptive vocabulary level will positively influence emotion 
recognition performance.

Method

Participants

A total of 47 individuals with Down syndrome (DS), all with a medical diagno-
sis of Trisomy 21, participated in the study (22 females and 25 males). They were 
divided into three age groups: 16 children (ages 10.5–16.8 years), 15 young adults 
(ages 18.15–30.8 years), and 16 middle-aged adults (ages 32.2–42.15 years) (Table 
1). All participants had no significant sensory, psychiatric, or physical disabilities. 
Only individuals with moderate or mild intellectual disability were included in the 
study. Nonverbal reasoning abilities were estimated using Raven’s Coloured Pro-
gressive Matrices (RCPM; Raven et al., 1998), and no significant differences were 
found between the three age groups (F(2,46) = 1.078, p =.349). Additionally, adult 
participants showed no signs of dementia, as assessed by the Dementia Screening 
Questionnaire (Beciani et al., 2011). Children with DS were recruited from special 
education schools, while adults with DS were recruited from a sheltered workshop; 
all had previously attended special schools for individuals with intellectual disabili-
ties. Informed consent procedures were carried out in accordance with ethical guide-
lines. Written informed consent was obtained from all adult participants who were 
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able to provide it. For participants who were underage or under legal guardianship, 
written consent was obtained from their parents or legal guardians, and assent was 
also sought from the participants themselves whenever possible. The Ethical Com-
mittee of the University of Geneva approved the study protocol. All participants were 
volunteers and could withdraw from the study at any time. The study was conducted 
in accordance with the Declaration of Helsinki.

Procedure

Two tests adapted from the Face Processing Test battery (Bruce et al., 2000) by Hip-
polyte et al. (2009), the Facial Discrimination Task (Rojahn et al., 1995), adapted 
from Erwin et al. (1992) and, the French adaptation of the Peabody Picture Vocabu-
lary Test-Revised (PPVT; Dunn et al., 1993) were administered to all participants. 
Each participant was assessed individually by an experienced psychologist in a quiet 
room. Tasks were administered in a random order (counterbalanced across partici-
pants), with each session lasting approximately 20 min. Between two to four sessions 
were needed to complete all tasks, depending on participants’ fatigue and motivation.

Recognition of Face Expressions

Two expression processing tasks were adapted from the set of Face processing tests 
developed by Bruce et al. (2000). Specifically, the emotion identification task and 
the emotion expression matching task were used to assess recognition of high-inten-
sity facial emotion expressions. Modifications included increasing the number of 
distractors (from one to two) and adding a neutral expression (following Hippolyte 
et al., 2009). The expression identification task considered easier to execute than 
the expression matching task (Barisnikov et al., 2020), also included an additional 
item per facial expression to enhance task demand. Both tasks assessed five facial 
expressions: joy, sadness, anger, surprise, and neutral. All stimuli consisted of mono-
chrome photographs (5.5 cm x 4 cm) of children’s and adults’ full faces (with hair 
and ears visible), on a uniform grey background. The paper version of the task was 
administrated.

Table 1  General characteristics for the three age groups (mean, standard deviation, range)
Children
(N = 16)

Young adults
(N = 15)

Middle-aged adults
(N = 16)

Sex (n, % female) 8 (50%) 6 (40%) 8 (50%)
Chronological age (years) 13.6 (1.7)

Range : 10.5–16.8
23.8 (4.5)
Range : 18.15–30.8

36.7 (3.2)
Range : 32.2-42.15

PPVT-R raw score 57.1 (14.9)
Range : 39–92

75.9 (18.5)
Range : 40–117

75.6 (18.5)
Range : 39–117

RCPM IQ score 65 (9.8)
Range : 45–75

59.6 (11.5)
Range : 45–80

61.3 (9.7)
Range : 45–75

PPVT-R Peabody Picture Vocabulary Test-Revised (Dunn et al., 1993) 
RCPM Raven’s Coloured Progressive Matrices (Raven et al., 1998)
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Emotion Identification Task

This modified task consisted of 20 items (increased from 12), including a trial item, 
with four items per expression. The task’s difficulty was increased by including more 
distractors (two instead of one) to prevent ceiling effects. Each item consisted of three 
children’s faces (boys and girls) presented side by side and participants were asked to 
identify the face displaying a specific expression named by the experimenter (happi-
ness, sadness, anger, surprise, or neutral). No time limit was imposed. The number of 
correct responses was calculated.

Emotion Matching Task

Divided into two parts, the first featuring children’s faces (boys and girls) and the 
second adults’ faces (women and men), the task comprised 15 items in the children’s 
part and 12 items in the adults’ part, plus one trial item. Participants were shown a 
target face at the top of the page and asked to match it with one of three faces at the 
bottom that displayed the same expression (happiness, sadness, anger, surprise, or 
neutral—neutral only in the children’s faces part; three items per expression). All 
participants completed both parts of the task, and no time limit was imposed. The 
number of correct responses was calculated.

Expression Intensity Discrimination Task

The Facial Discrimination Task (FDT; Rojahn et al., 1995) was employed to evaluate 
discrimination between high- and low-intensity emotion expressions. The FDT con-
sisted of 41 black-and-white photographs (13 cm x 18.5 cm) depicting three expres-
sions: happy, sad, and neutral. Items were presented sequentially, and participants 
were asked to indicate whether a face showed happiness, sadness, or neutrality. If 
they identified a happy or sad expression, they were asked to distinguish between two 
intensity levels: Level 1 (low intensity, 50%) for ‘a little’ happy or sad and Level 2 
(high intensity, 100%) for ‘very’ happy or sad. Participants indicated intensity levels 
by pointing to either a small column (low intensity) or a large column (high inten-
sity). Following a training session of six items, the test included 35 items: 12 happy 
faces (9 low intensity, 3 high intensity), 11 sad faces (7 low intensity, 4 high inten-
sity), and 12 neutral faces, presented in a counterbalanced order. The number of cor-
rect responses was calculated. For more information on methodological issues, see 
Rojahn et al. (1995) and Hippolyte et al. (2009).

Peabody Picture Vocabulary Test-Revised (PPVT-R)

To assess receptive vocabulary, the French-adapted PPVT-R vocabulary scale (Dunn 
et al., 1993) was used. Each participant was shown four pictures and asked to select 
the one that matched a word spoken by the experimenter. The test was stopped if the 
participant made six errors over eight consecutive trials. The raw vocabulary score 
(the item at which the test ended minus errors) was recorded. This measure facilitated 
comparison with existing literature on emotion processing abilities in the DS popula-
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tion (Phillips et al., 2014). Receptive vocabulary is known to be less impaired than 
other language measures, such as productive vocabulary, in individuals with DS and 
is generally comparable to nonverbal ability levels (Majerus & Barisnikov, 2018; 
Næss et al., 2011).

Statistical Analysis

Statistical analyses were conducted using SPSS 29. First, a generalized linear model 
(GLM) with a binomial distribution and logit link function was conducted to examine 
the effects of age group (children, young adults, middle-aged adults) and task (identi-
fication, matching, discrimination) on participants’ response accuracy. The number of 
correct responses was used as the dependent variable, with the total number of items 
per task included as a weighting variable. This approach appropriately models the 
binomial nature of the data by accounting for the number of trials per task.

Second, for each task, we investigated the effects of different facial emotions using 
separate GLMs with a binomial distribution and logit link function. For the iden-
tification and matching tasks, the number of correct responses was entered as the 
dependent variable, and the number of items for each emotion (happy, sad, angry, sur-
prised, neutral) were used as a weighting variable. Age group (children, young adults, 
middle-aged adults) was included as a between-subject factor, and emotion (happy, 
sad, angry, surprised, neutral) as a within-subject factor. For the facial discrimination 
task, two separate GLMs were conducted. The first model included age group as a 
between-subject factor and emotion (happy, sad, neutral) as a within-subject factor, 
using the number of items per emotion (happy, sad, neutral) as a weighting variable. 
The second model included age group as a between-subject factor, and both emotion 
(happy, sad) and intensity level (low, high) as within-subject factors. In this model, 
the weighting variable corresponded to the number of trials for each combination of 
emotion (happy, sad) and intensity level (low, high).

Before running the correlation analyses, we tested for normality using the Shap-
iro-Wilk test. Several key variables showed significant non-normality (p <.05), which 
justified using non-parametric methods like Spearman’s correlation. Spearman cor-
relation analyses were thus conducted between the total scores for each task and both 
chronological age and vocabulary level. Additional Spearman correlation analyses 
were conducted between the scores for each emotion and both age and vocabulary 
level. The significance threshold was set at 0.05.

Results

Comparison of Age Groups in Individuals with DS

Table 2 presents the number of correct responses by age group and emotion for each 
task.
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Tasks

No significant effect was found for the age group (Wald χ²(2) = 0.10, p =.951). In con-
trast, a significant effect of the task was found (Wald χ²(2) = 176.7, p <.001), as well 
as a significant task x age group interaction (Wald χ²(4) = 25.30, p <.001). Pairwise 
comparisons showed that, for the three age groups, the FDT was significantly more 
difficult than the other two tasks (all ps < 0.01). For the children, the scores for the 
matching task were significantly better than those for the identification task (p <.001). 
This difference was not observed for the young adults (p =.184). In contrast, the mid-
dle-aged adults had better scores for the identification task than for the matching task 
(p =.020). Pairwise comparisons were then conducted between age groups for each 
task. In the identification task, children scored significantly lower than both young 
adults (p =.007) and middle-aged adults (p =.021). In the matching task, by contrast, 
children outperformed both young adults (p =.035) and middle-aged adults (p <.001). 

Tasks Emotions Children 
(N = 16)

Young 
adults 
(N = 15)

Middle-
aged 
adults 
(N = 16)

Aver-
age

Identification Happy (/5) 2.44 
(0.8)

3.53 
(0.6)

3.25 
(0.6)

3.06 
(0.8)

Sad (/5) 2.75 
(0.4)

2.67 
(1.2)

2.94 
(1.1)

2.79 
(1)

Angry (/5) 2.75 
(14.4)

3.20 
(1.08)

3.69 
(0.6)

3.21 
(0.9)

Surprised 
(/5)

2.25 (1) 2.67 
(1.2)

2.31 
(1.4)

2.40 
(1.2)

Neutral (/5) 1.69 
(0.8)

1.87 
(1.1)

1.44 
(0.8)

1.66 
(0.9)

Total (/20) 11.88 
(2.3)

13.93 
(3.2)

13.63 
(3.2)

13.13 
(3)

Matching Happy (/6) 5.36 
(0.6)

4.53 
(1.2)

4.38 
(1.2)

4.73 
(1.1)

Sad (/6) 4.64 
(1.5)

4.67 
(1.1)

4.25 
(1.3)

4.51 
(1.3)

Angry (/6) 4.36 (1) 3.33 
(1.2)

3.13 
(1.5)

3.58 
(1.3)

Surprised 
(/6)

3.79 
(1.2)

3.53 
(1.5)

3.19 
(1.5)

3.49 
(1.4)

Neutral (/3) 1.07 
(0.6)

1.47 
(1.2)

1.25 (1) 1.27 
(1)

Total (/27) 19.21 
(4.2)

17.53 
(3.4)

16.19 
(3.6)

17.58 
(3.9)

Discrimination Happy 
(/12)

4.44 
(2.1)

3.93 
(1.9)

4.00 
(1.8)

4.13 
(1.9)

Sad (/11) 4.75 (3) 5.00 
(2.6)

5.38 
(2.2)

5.04 
(2.6)

Neutral 
(/12)

6.50 (5) 5.27 
(4.3)

6.94 
(4.3)

6.26 
(4.5)

Total (/35) 15.69 
(7.1)

14.20 
(5.5)

16.31 
(5.4)

15.43 
(6)

Table 2  Number of correct 
responses (standard deviations) 
across the three tasks (iden-
tification, matching, and 
discrimination), categorized by 
age group and emotion
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Finally, in the FDT, young adults scored significantly lower than middle-aged adults 
(p =.045).

Emotions

Identification Task  A significant main effect of age group was observed (Wald 
χ²(2) = 12.48, p =.002). Children scored significantly lower in emotion identification 
compared to both young adults (p =.002) and middle-aged adults (p =.003). No signif-
icant difference was found between the two adult groups (p =.980). Results indicated 
a significant effect of the emotion (Wald χ²(4) = 78.10, p <.001). Neutral faces were 
less well identified than all the other emotions (all ps < 0.01). Surprise and sadness 
were also significantly less accurately identified than happiness (respectively p =.004, 
p =.050) and anger (respectively p <.001, p =.005). There was no other significant 
difference between the different emotions. A significant emotion x age group inter-
action was also found (Wald χ²(8) = 18.57, p =.017). For happiness, the children had 
lower scores than the young adults (p <.001) and the middle-aged adults (p =.009). 
For anger, middle-aged adults performed significantly better than children (p <.001) 
and young adults (p =.048). For sadness, surprise and neutrality, there was no differ-
ence between the age groups. Figure 1 illustrated these results.

Matching Task  Results indicated a significant effect of the emotion (Wald χ²(4) = 72.41, 
p <.001). Neutral faces were less well matched than all the other emotions (all 
ps < 0.05). Surprise and anger were also significantly less accurately matched than 
happiness (all ps < 0.001) and sadness (all ps < 0.001). There was no other signifi-
cant difference between emotions. A significant main effect of age group was also 

Fig. 1  Number of correct responses for the emotion identification task, presented by emotion type and 
age group. Error bars represent standard errors
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observed (Wald χ²(2) = 11.99, p =.002). Children performed significantly better from 
both young adults (p =.049) and middle-aged adults (p <.001), whereas no signifi-
cant difference was found between the two adult groups (p =.122). The interaction 
between emotion and age group was not significant (Wald χ²(8) = 8.32, p =.403).

Facial Discrimination Task  Results indicated a significant effect of the emotion (Wald 
χ²(2) = 36.57, p <.001). Happy faces were less well identified than sad faces (p =.009) 
and neutral faces (p =.008). No significant effect was found for the age group (Wald 
χ²(2) = 4.93, p =.085), nor for emotion x age group interaction (Wald χ²(4) = 5.75, 
p =.218).

Results investigating the effect of emotion intensity revealed no significant 
effect for the with age group (Wald χ²(2) = 1.36, p =.508), nor for the emotion (Wald 
χ²(1) = 0.94, p =.333). Results indicated a significant effect of the intensity (Wald 
χ²(1) = 73.54, p <.001), as well as a significant intensity x emotion interaction (Wald 
χ²(1) = 89.12, p <.001). The participants had a significant better score for faces 
expressing happiness with high intensity (M = 2.36 out of 3, SD = 0.9) than those with 
low intensity (M = 1.77 out of 9, SD = 1.8), (p <.001). This difference between the 
two intensities was not observed for sadness (high: M = 1.74 out of 4, SD = 1.5, low: 
M = 3.3 out of 7, SD = 2.3), (p =.466). In addition, at a high intensity, happiness was 
better discriminated than sadness (p <.001), while the opposite pattern was observed 
at a low intensity (p <.001). These results are illustrated in Fig. 2, where percentages 
are presented to facilitate comparison and ease of interpretation, although all statisti-
cal analyses were conducted on raw scores (number of correct responses).

Fig. 2  Percentage of correct responses for the facial discrimination task, presented by emotion type and 
intensity. Error bars represent standard errors
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Correlation Analyses

With Age

The results revealed a significant negative correlation with the matching task (ρ 
= −0.343, p =.018). Additionally, there were two significant positive correlations 
with the identification scores for happy faces (ρ = 0.333, p =.022) and angry faces 
(ρ = 0.526, p <.001). Significant negative correlations were also found with the 
matching scores for happy faces (ρ = −0.302, p =.039) and angry faces (ρ = −0.363, 
p =.012). Finally, no significant correlation was observed between scores for each 
emotion and intensity and age.

With Vocabulary Level

The results showed two significant positive correlations: one with the identification 
task (ρ = 0.725, p <.001) and one with the FDT (ρ = 0.396, p =.006). Additionally, four 
significant positive correlations were observed between vocabulary level and identi-
fication scores for happy faces (ρ = 0.381, p =.008), angry faces (ρ = 0.556, p <.001), 
surprised faces (ρ = 0.629, p <.001), and sad faces (ρ = 0.332, p =.023). There were 
also two significant positive correlations with matching scores for surprised faces 
(ρ = 0.330, p =.023) and neutral faces (ρ = 0.445, p =.002), as well as one significant 
negative correlation with the matching score for angry faces (ρ = −0.314, p =.032). 
Finally, there was one significant positive correlation with the FDT for faces express-
ing happiness with high intensity (ρ = 0.485, p <.001).

Discussion

The ability to recognize emotional expressions is a fundamental aspect of social func-
tioning, with significant implications for interpersonal communication and emotional 
well-being. In individuals with Down syndrome (DS), this capacity is often marked 
by specific deficits rather than generalized impairments, reflecting the unique inter-
play of cognitive, perceptual, and neurodevelopmental factors. The present study 
aimed to assess the sensitivity to emotion intensity and recognition of basic emotion 
expressions. More precisely it is sought to elucidate the influence of task modality, 
age, and emotion type on these abilities in children, young adults, and middle-aged 
adults with DS. Our findings reveal that while developmental improvements occur 
for some emotions, recognition patterns remain distinct from typically developing 
NT populations. By exploring these patterns, this discussion aims to situate the cur-
rent findings within the broader body of research, highlighting their implications for 
developmental trajectories and practical applications.

Impact of Task Modality on Performance

The present study confirmed significant effects of task modality on the ability to 
recognize emotional expressions, particularly highlighting that the discrimination 
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task presented greater challenges for participants compared to the identification and 
matching tasks. Across all groups, performance variability suggests that task demands 
influence recognition strategies. Discrimination tasks require more refined perceptual 
differentiation between intensity of expressions, engaging more complex cognitive 
processing and greater attentional resources. Nevertheless, improvement with age 
was observed, as the middle-aged adults achieved significantly higher scores than 
young adults, suggesting a slower developmental trend. In the identification task, 
children scored significantly lower than both adult groups. The performances of our 
middle-aged adults are consistent with the work of Hippolyte et al. (2008, 2009), who 
demonstrated that adults with DS rely on verbal labeling processes. In contrast, chil-
dren with DS outperformed both adult groups in matching tasks, while no difference 
was found between the two adult groups. This may reflect an age-specific reliance 
on visual information in children with DS, possibly favoring a configural processing 
strategy, as suggested by Kasari et al. (2001) and Barisnikov et al. (2020). Young 
adults, however, exhibited relatively consistent performance across task modalities, 
which may indicate a transitional stage where visual and verbal processing capacities 
are more balanced.

This pattern diverges from one observed in NT individuals, where verbal-based 
strategies tend to dominate in children aged 4 and 6 (Widen & Russell, 2013). 
Children typically achieve comparable performance across tasks by the age of 10, 
suggesting a potential developmental delay in DS populations. Prior research has 
documented that their task modality preferences and recognition accuracy with age 
remain influenced by developmental differences in specific cognitive and perceptual 
processing abilities (Andrés-Roqueta et al., 2021; Carvajal et al., 2012; Hippolyte et 
al., 2010). Furthermore, the observed correlations between receptive vocabulary and 
performance on identification and discrimination tasks underscore the importance of 
language abilities in emotion recognition tasks that involve verbal labeling or dif-
ferentiation. These findings align with existing literature indicating that expressive 
and receptive language deficits in DS significantly contribute to socio-cognitive chal-
lenges (Carvajal et al., 2012; Cebula et al., 2017).

Emotional Expression Recognition Patterns

Our results also revealed that the recognition of specific emotion expressions was dif-
ferently impacted by task modality, chronological age, and vocabulary level. Neutral 
expressions were more difficult to identify and match than the other four emotions. 
Surprise and sadness were significantly less accurately identified than happiness and 
anger. While surprise and anger were significantly less accurately matched than hap-
piness and sadness. However, the identification score showed improvement with age 
for certain emotions. Thus, young adults (aged 18.15–30.8 years) and middle-aged 
adults (aged 32.2–42.15 years) had significantly higher identification scores for hap-
piness than the children’s group (aged 10.5–16.8). The middle-aged group identified 
anger significantly better than the children’s and young adult’s groups. Correlation 
analyses supported these results, showing a significant positive relation between 
chronological age and identification of happy and angry expressions, but a negative 
correlation for matching these expressions.
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These findings align with several studies reporting difficulties in identifying basic 
facial emotion expressions in individuals with DS compared to NT controls matched 
on vocabulary level (Barisnikov et al., 2020; Cebula et al., 2017; Kasari et al., 2001; 
Porter et al., 2007). Difficulties in recognizing neutral faces persist in adults with 
DS, with higher scores for recognizing happiness compared to other basic emotional 
expressions (Andrés-Roqueta et al., 2021; Hippolyte et al., 2008, 2009; Virji-Babul et 
al., 2012). Low scores in recognizing surprise in children with DS (Barisnikov et al., 
2020) and the lack of improvement with age (Wishart & Pitcairn, 2000) also persist 
into adulthood (Hippolyte et al., 2008, 2009). Similarly to most of these studies, our 
results show a positive correlation between vocabulary level and identification scores 
for happy, sad, angry, and surprise expressions. Additionally, these correlations were 
also observed in the matching scores for neutral and surprise expressions, which are 
particularly difficult for individuals with DS. These results further demonstrate the 
importance of vocabulary for emotion recognition abilities over chronological age in 
the DS population (Pochon & Declercq, 2014; Roch et al., 2020).

Furthermore, the results of our study and those cited above suggest that the DS 
population may not follow the typical developmental trajectory. Most studies report 
that the identification of happiness develops earlier, followed by sadness and anger 
between ages 5 and 7, with surprise developing between ages 6 and 10 (Richoz et 
al.,  2018; Widen, 2013). More specifically, Barisnikov et al. (2021) reported that 
happiness is recognized better than all other emotions at ages 4, 5, and 6, while at 
age 5, surprise is better recognized than neutral expressions. Furthermore, young NT 
children had better identification than matching scores for neutral expressions at age 
5, for surprise at ages 4 and 6, and for anger at ages 4, 5, and 6. The difference for 
anger disappeared by age 7.

It is important to note that the difficulties our participants had in recognizing cer-
tain emotion expressions, such as sadness, surprise, and neutral, did not improve with 
age and may be considered specific recognition deficits. In contrast, the recognition 
of happiness and anger expressions improved throughout adulthood, suggesting a 
developmental delay (see Figure X). Although not significant but visually apparent 
(Figure X), middle-aged adults showed slightly lower scores for recognizing happy, 
neutral, and surprise expressions, which warrants further examination by including 
older adult groups. Studies on life-span emotion recognition have reported a decline 
in older NT adults aged 60, 70, 80 years old, in recognizing anger, sadness, and fear, 
with only a marginal effect for happiness (Hayes et al., 2020; Richoz et al., 2018; 
Ruffman et al., 2008).

Role of Emotional Intensity

Overall, the discrimination task was significantly more difficult for our participants 
than the other two tasks. No significant age group effects were observed, but a sig-
nificant effect of emotion and expression intensity was found. Our participants per-
formed better on high-intensity happiness expressions compared to low-intensity 
ones, whereas no such difference was found for sadness. High-intensity happiness 
was identified more accurately than high-intensity sadness, while the reverse was true 
for low-intensity expressions. No other study, to our knowledge, has examined sensi-
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tivity to emotion intensity in both children and adults with DS. The study by Cebula 
et al. (2017), which assessed two intensities (100% and 175%), found that children 
with DS (aged 9–18) were more accurate in recognizing higher-intensity expressions 
similar to NT children (aged 3–6). However, their results are not directly comparable 
to ours, as we used 100% and 50% intensities, therefore (consequently), our study is 
the first to assess sensitivity to low intensity expression in children with DS. Never-
theless, Cebula et al. also observed that emotion recognition accuracy correlated with 
mental age and vocabulary comprehension, but not with emotion labeling ability.

In line with our study, Hippolyte et al. (2009) reported that adults with DS (mean 
age 34.3 years) discriminated high-intensity happy expressions significantly better 
than low-intensity ones, with no differences for sad expressions. This contrasted with 
their NT control group (mean age 5.9 years), who performed better on both high-
intensity happiness and sadness. Barisnikov et al. (2021) found that sensitivity to 
emotion intensity, especially for happiness and sadness, improves with age in NT 
children, with better recognition of high-intensity expressions in children aged 4 to 
12. Children are generally less sensitive to lower-intensity expressions than adults, 
with performance reaching adult levels around age 10 (Gao & Maurer, 2009; Rutter 
et al., 2019).

For sadness, our results showed low recognition scores for both high and low-
intensity sadness expressions in all groups, which may indicate a persistent diffi-
culty in perceiving sad expressions that does not improve with age (Hippolyte et al., 
2009). Sensitivity to low-intensity sadness expressions develops later and typically 
requires a more intense expression for accurate recognition (Barisnikov et al., 2021; 
Gao & Maurer, 2010; Garcia & Tully, 2020) noted that children aged 4 to 12 had diffi-
culty discriminating high and low-intensity sadness, unlike adults, whose sensitivity 
improved beyond age 10. In their life-span study, Rutter et al. (2019) presented pairs 
of faces to participants aged 10 to 85 years, asking them to judge which face appeared 
more angry, fearful or happy. The results revealed that sensitivity to low-intensity 
expressions of these emotions increased during adolescence and early adulthood. 
However, sensitivity to anger and fear declined in older NT adults from their 70 s 
onward, with only a marginal decline for happiness. The major meta-analyses exam-
ining age-related effects have consistently reported a significant decline in recogni-
tion of reduced-intensity expressions in older NT adults over the age 65, compared 
to younger and middle-aged adults. This decline is most pronounced for anger, fear 
and sadness, with smaller declines for happiness and surprise (Gonçalves et al., 2018; 
Hayes et al., 2020; Ruffman et al., 2008).

Finally, contrary to expectations, no significant relationship was found between 
age and sensitivity to intensity of happy and sad expressions. However, a significant 
positive correlation with high intensity happy expression was found among our par-
ticipants. Therefore, future research should include older adults to assess potential 
age-related changes in sensitivity to emotional intensity. It would also be important 
to examine other emotions, such as anger, given the significant improvement in its 
recognition among our middle-aged participants.

Nevertheless, vocabulary level was associated with the global discrimination 
score and recognition of certain basic emotions. Despite extensive studies on the rec-
ognition of high intensity expressions in DS, questions remain about how individuals 
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with DS process facial emotion information. A better understanding of these findings 
could improve methodological approaches elaborating future hypotheses and more 
targeted intervention.

Conclusions

As seen above, unequal performances in emotion expression recognition in our par-
ticipants were related to task modality, age, emotion type and expression intensity. 
However, a clear explanation for their emotion recognition difficulties remains elu-
sive as they could be attributed to several factors, which will be discussed below.

Inefficient perceptual processing strategies have been identified as contributing to 
deficits in face and emotion processing in children and adults with DS (Barisnikov et 
al., 2020; Carvajal et al., 2012; Hippolyte et al., 2008). For example, adults with DS 
have been shown to focus on the regions around the mouth, which helps distinguish 
happy from sad expressions but may lead to confusion when decoding surprise and 
fear (Carvajal et al., 2012). Recognizing these emotions requires processing both 
local and configural face information, which is underdeveloped in young children 
and those with DS (Barisnikov et al., 2020). A deficit in recognizing neutral faces, 
which serve as a reference point for identifying a subtitle change in face allowing to 
recognize low-intensity emotional expressions, is particularly relevant. Improving 
perceptual strategies to identify local changes and integrate them into configural face 
processing could enhance emotion recognition abilities in individuals with DS.

Receptive vocabulary level is often associated with the recognition of basic 
emotion expressions in individuals with DS, but not with their general language or 
non-verbal reasoning abilities (Hippolyte et al., 2010; Pochon et al., 2017). Study 
in NT children reported the positive relation between vocabulary level and emo-
tion recognition but not to non-verbal reasoning abilities (Albanese et al., 2010). 
The crucial role of semantic representation (e.g., emotional vocabulary) in emotion 
recognition, which develops with age, was demonstrated by several studies (Pons 
et al., 2003; Reed & Steed, 2015; Widen, 2013). Nevertheless, emotion recognition 
and understanding rely on both visual and verbal abilities. To improve these abilities 
in individuals with DS, rehabilitation programs should integrate visual (e.g., facial 
expressions) and verbal (e.g., emotion-related words) cues (Pochon et al., 2022; Roch 
et al., 2020; Vicari et al., 2000).

A positivity bias was also observed, with participants showing significantly better 
recognition of happiness compared to other emotions. Similar findings have been 
reported for children (Kasari et al., 2001; Williams et al., 2005) and adults with DS 
(Andrés-Roqueta et al., 2021; Hippolyte et al., 2008), suggesting a preferential atten-
tion toward positive emotions with relation to attention and inhibition difficulties. 
Similarly, a positivity bias has been observed in NT children (Garcia & Tully, 2020) 
showing low miss rate and higher false alarm rate for happiness than for sadness and 
anger. Studies also report that individuals with DS tend to confuse neutral expres-
sions with happiness and may incorrectly attribute happiness to a sad expression 
(Andrés-Roqueta et al., 2021; Hippolyte et al., 2009). Additionally, studies indicate 
that sensitivity to happiness remains high with age, while sensitivity to negative emo-
tions, such as anger and fear, declines in older TD adults ((Hayes et al., 2020). Some 
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studies, however, did not find higher performance for happiness in individuals with 
DS, which may stem from methodological differences. The use of a limited number 
of stimuli and distractors in clinical and older populations could create a ceiling effect 
for happy expressions (Kasari et al., 2001; McKone et al., 2012), leading to misinter-
pretations in emotion recognition tasks.

Confusion between negative emotions (e.g., sadness, anger, fear) has also been 
observed in adolescents (Pochon et al., 2017) and adults with DS (Andrés-Roqueta et 
al., 2021). It has been suggested that these errors, along with the positivity bias, may be 
related to deficits in selective attention (Hippolyte et al., 2008; Rowe et al., 2006), execu-
tive control (Amadó et al., 2016; Lanfranchi et al., 2010), or working memory (Andrés-
Roqueta et al., 2021), rather than mental age (MA) or level of intellectual disability 
(Cebula et al., 2017; Williams et al., 2005). These errors may also affect the development 
of internal (mental) representations of emotion, influencing social interactions and con-
tributing to social-adaptive and emotional difficulties in population with DS (Barisnikov 
& Straccia, 2019; Dykens, 2007; Foley et al., 2016; Jahromi et al., 2008). Nevertheless, 
low sensitivity to emotional expressions may be particularly relevant, as in daily life, one 
is more exposed to less intense facial expressions. Difficulties in processing low-intensity 
emotions in NT children seem to lead to misinterpretation of emotional cues. This, in turn, 
could cause maladaptive behavioral responses and emotion regulation problems (Den-
ham et al., 2015; Garcia & Tully, 2020).

Low emotion processing abilities alongside their prosocial behaviors, may con-
tribute to challenges in emotion regulation and handling negative social interactions 
(Jahromi et al., 2008), as well as increased social withdrawal and isolation (Foley et 
al., 2016) and a higher incidence of depression in older individuals with DS (Strac-
cia et al., 2014). Recognition difficulties for negative emotions are linked to various 
psychopathological disorders in NT populations (Rocca et al., 2009) and behavioral 
adjustment issues (Fischer & Manstead, 2016), as well as in these with neurode-
velopmental disorders (Wingenbach et al., 2017). In older NT adults, the intensity 
of sadness tends to increase, while anger decreases (Charles et al., 2003; Hasse et 
al., 2012), with changes in emotion recognition abilities likely related to age-related 
modifications in brain areas involved in emotion processing (Adolphs, 2002, 2009).

Neurological factors could explain deficits or declines in emotion recognition, 
particularly for negative emotions, in older NT adults (Jernigan & Gamst, 2005; 
Vuilleumier & Pourtois, 2007). Individuals with DS are known to have smaller gray 
matter volume (e.g., orbitofrontal cortex) and reduced connectivity between frontal 
and limbic systems (e.g., amygdala), which decline significantly in adulthood (Koran 
et al., 2014). These neurological features likely contribute to persistent difficulties in 
emotion recognition and social cognition (Carvajal et al., 2012; Jernigan et al., 1993; 
Gunbey et al., 2017).

In conclusion, understanding emotion recognition in individuals with DS remains 
complex, and developmental data cannot be directly applied to their results. Further 
research is needed to investigate the cognitive processes underlying these perfor-
mances (see Roch et al., 2020), as well as the interplay between cognitive abilities, 
personality traits, and environmental factors. This could inform more effective inter-
ventions from an early age to improve or maintain emotion and social skills in the 
DS population.
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Limitations and Future Directions

A limitation of the current study is the sample size of the three groups, which was 
relatively small and may limit the generalizability of the findings. Some potential 
predictors (e.g., low expression recognition) did not reach significance, possibly 
due to insufficient statistical power. A post hoc power analysis indicated that the 
study had limited power (approximately 55%) to detect medium effect sizes, further 
emphasizing the need for cautious interpretation of the results. Larger samples may 
yield different results, as Hippolyte et al. (2009) found a strong relationship between 
discrimination scores and neutral face recognition scores in a face processing task. 
Future studies should assess sensitivity to low-intensity expressions of other emo-
tions, such as anger, whose recognition seems to improve with age. Further research 
should examine the use of neutral faces as response options, considering their per-
sistent deficit in the DS population. Studying emotion recognition abilities alongside 
sensitivity to expression intensity and investigating the impact of specific cognitive 
abilities (e.g., visual perception, selective attention) could provide new insights for 
the development of emotion processing abilities in individuals with DS. Understand-
ing these mechanisms is crucial for the development of socio-emotional skills and 
the prevention of behavioral problems in TD children and adolescents (Crivelli & 
Fridlund, 2018; Finlon et al., 2015; Izard, 2011; Lemerise & Arsenio, 2000; Liu et 
al., 2023).

Acknowledgements  We are grateful to Vicki Bruce for granting us permission to modify the facial pro-
cessing tasks. We also thank Johannes Rojahn and his colleagues for allowing us to use the facial discrimi-
nation task, which was supported by the John D. and Catherine T. MacArthur Foundation. We would like 
to express our gratitude to all the participants, as well as the interns of the Child Clinical Neuropsychology 
Unit (Department of Psychology, University of Geneva, Switzerland), for their assistance in data collec-
tion. We also thank Elliot Riviere for his advice on statistical analyses.

Author Contributions  KB contributed to the study conception and design, as weel as material preparation, 
data collection. Analysis was performed by FL. The first draft of the manuscript was written by KB and 
FL. All authors read and approved the final manuscript.

Funding  Open access funding provided by University of Geneva.

Data Availability  The raw data, analysis code, and materials used in this study are not openly available but 
are available upon request to the corresponding author.

Declarations

Ethical Approval  The Ethical Committee of the University of Geneva approved the study protocol. All 
participants were volunteers and could withdraw from the study at any time. The study was conducted in 
accordance with the Declaration of Helsinki.

Informed Consent  Written informed consent was obtained from all adult participants who were able to 
provide it. For participants who were underage or under legal guardianship, written consent was obtained 
from their parents or legal guardians, and assent was also sought from the participants themselves when-
ever possible.

Competing Interests  The authors declare no competing interests.

1 3



Journal of Developmental and Physical Disabilities

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use 
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​n​s​.​o​r​g​/​l​i​c​e​n​
s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

Adolphs, R. (2002). Neural systems for recognizing emotion. Current Opinion in Neurobiology, 12(2), 
169–177. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​S​0​9​5​9​-​4​3​8​8​(​0​2​)​0​0​3​0​1​-​X

Adolphs, R. (2009). The social brain: Neural basis of social knowledge. Annual Review of Psychology, 60, 
693–716. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​4​6​/​a​n​​n​u​r​e​v​​.​p​s​y​c​h​​.​6​0​.​​1​1​0​7​0​7​.​1​6​3​5​1​4

Albanese, O., De Stasio, S., Chiacchio, C. D., Fiorilli, C., & Pons, F. (2010). Emotion comprehension: The 
impact of nonverbal intelligence. The Journal of Genetic Psychology, 171(2), 101–115. ​h​t​t​p​s​:​/​/​d​o​i​.​o​
r​g​/​1​0​.​1​0​8​0​/​0​0​2​2​1​3​2​0​9​0​3​5​4​8​0​8​4​​​​​​​

Amadó, A., Serrat, E., & Vallès-Majoral, E. (2016). The role of executive functions in social cognition 
among children with down syndrome: Relationship patterns. Frontiers in Psychology, 7. ​h​t​t​p​s​:​/​/​d​o​i​.​
o​r​g​/​1​0​.​3​3​8​9​/​f​p​s​y​g​.​2​0​1​6​.​0​1​3​6​3​​​​​​​

Amadó, A., Sidera, F., & Serrat, E. (2024). Affective and cognitive theory of mind in children with down 
syndrome: A brief report. International Journal of Disability, Development and Education,71(2), 
180–188. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​1​0​​3​4​9​1​2​​X​.​2​0​2​2​​.​2​0​9​​5​3​5​5

Andrés-Roqueta, C., Soria-Izquierdo, E., & Górriz-Plumed, A. B. (2021). Exploring different aspects of 
emotion understanding in adults with Down syndrome. Research in Developmental Disabilities,114, 
103962. https://doi.org/10.1016/j.ridd.2021.103962

Barisnikov, K., & Lejeune, F. (2018). Social knowledge and social reasoning abilities in a neurotypical 
population and in children with Down syndrome. PLoS One,13(7), e0200932. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​3​
7​1​/​j​o​u​r​n​a​l​.​p​o​n​e​.​0​2​0​0​9​3​2​​​​​​​

Barisnikov, K., & Straccia, C. (2019). Social adaptive skills and psychopathology in adults with intellec-
tual disabilities of non-specific origin and those with Down syndrome. Research in Developmental 
Disabilities,87, 31–42. https://doi.org/10.1016/j.ridd.2019.01.010

Barisnikov, K., Thomasson, M., Stutzmann, J., & Lejeune, F. (2020). Relation between processing facial 
identity and emotional expression in typically developing school-age children and those with Down 
syndrome. Applied Neuropsychology: Child,9(2), 179–192. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​2​1​​6​2​2​9​6​​5​.​2​0​1​8​​
.​1​5​5​​2​8​6​7

Barisnikov, K., Thomasson, M., Stutzmann, J., & Lejeune, F. (2021). Sensitivity to emotion intensity and 
recognition of emotion expression in neurotypical children. Children. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​9​0​/​c​h​i​l​d​
r​e​n​8​1​2​1​1​0​8​​​​​​​

Barisnikov, K., Theurel, A., & Lejeune, F. (2022). Emotion knowledge in neurotypical children and in 
those with Down syndrome. Applied Neuropsychology: Child,11(3), 197–211. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​
8​0​/​2​1​​6​2​2​9​6​​5​.​2​0​2​0​​.​1​7​7​​7​1​3​1

Beciani, S., Vetro, É., Barisnikov, K., DetrauxJ.-J., & der Linden, M. V. (2011). Élaboration d’une batterie 
d’évaluation des Signes du vieillissement Dans La trisomie 21: Elaboration of a scale assessing the 
ageing in down syndrome adults. Revue Francophone De La Déficience Intellectuelle, 22, 129–140.

Blair, R. J. R., Colledge, E., Murray, L., & Mitchell, D. G. V. (2001). A selective impairment in the pro-
cessing of sad and fearful expressions in children with psychopathic tendencies. Journal of Abnormal 
Child Psychology, 29(6), 491–498. https://doi.org/10.1023/A:1012225108281

Bouras, N., Turk, J., & Cornish, K. (1998). Face recognition and emotion perception in boys with fragile-X 
syndrome. Journal of Intellectual Disability Research, 42(6), 490–499. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​4​6​/​j​.​​1​3​
6​5​-​​2​7​8​8​.​1​​9​9​8​.​​4​2​6​0​4​9​0​.​x

Bruce, V., Campbell, R. N., Doherty-Sneddon, G., Langton, S., McAuley, S., & Wright, R. (2000). Test-
ing face processing skills in children. British Journal of Developmental Psychology,18(3), 319–333. 
https://doi.org/10.1348/026151000165715

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0959-4388(02)00301-X
https://doi.org/10.1146/annurev.psych.60.110707.163514
https://doi.org/10.1080/00221320903548084
https://doi.org/10.1080/00221320903548084
https://doi.org/10.3389/fpsyg.2016.01363
https://doi.org/10.3389/fpsyg.2016.01363
https://doi.org/10.1080/1034912X.2022.2095355
https://doi.org/10.1016/j.ridd.2021.103962
https://doi.org/10.1371/journal.pone.0200932
https://doi.org/10.1371/journal.pone.0200932
https://doi.org/10.1016/j.ridd.2019.01.010
https://doi.org/10.1080/21622965.2018.1552867
https://doi.org/10.1080/21622965.2018.1552867
https://doi.org/10.3390/children8121108
https://doi.org/10.3390/children8121108
https://doi.org/10.1080/21622965.2020.1777131
https://doi.org/10.1080/21622965.2020.1777131
https://doi.org/10.1023/A:1012225108281
https://doi.org/10.1046/j.1365-2788.1998.4260490.x
https://doi.org/10.1046/j.1365-2788.1998.4260490.x
https://doi.org/10.1348/026151000165715


Journal of Developmental and Physical Disabilities

Carvajal, F., Fernández-Alcaraz, C., Rueda, M., & Sarrión, L. (2012). Processing of facial expressions of 
emotions by adults with down syndrome and moderate intellectual disability. Research in Develop-
mental Disabilities, 33(3), 783–790. https://doi.org/10.1016/j.ridd.2011.12.004

Castro, V. L., Cooke, A. N., Halberstadt, A. G., & Garrett-Peters, P. (2018). Bidirectional linkages between 
emotion recognition and problem behaviors in elementary school children. Journal of Nonverbal 
Behavior, 42(2), 155–178. https://doi.org/10.1007/s10919-017-0269-9

Cavioni, V., Grazzani, I., Ornaghi, V., Pepe, A., & Pons, F. (2020). Assessing the factor structure and mea-
surement invariance of the test of emotion comprehension (TEC): A large Cross-Sectional study with 
children aged 3–10 years. Journal of Cognition and Development. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​1​5​​2​4​8​3​7​​2​
.​2​0​2​0​​.​1​7​4​​1​3​6​5. https://www.tandfonline.com/doi/full/

Cebula, K. R., Moore, D. G., & Wishart, J. G. (2010). Social cognition in children with Down’s syndrome: 
Challenges to research and theory building. Journal of Intellectual Disability Research,54(2), 113–
134. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​3​6​5​-​​2​7​8​8​.​2​​0​0​9​.​​0​1​2​1​5​.​x

Cebula, K. R., Wishart, J. G., Willis, D. S., & Pitcairn, T. K. (2017). Emotion recognition in children with 
down syndrome: Influence of emotion label and expression intensity. American Journal on Intellec-
tual and Developmental Disabilities, 122(2), 138–155. https://doi.org/10.1352/1944-7558-122.2.138

Channell, M. M., Conners, F. A., & Barth, J. M. (2014). Emotion knowledge in children and adolescents 
with down syndrome: A new methodological approach. American Journal on Intellectual and Devel-
opmental Disabilities, 119(5), 405–421. https://doi.org/10.1352/1944-7558-119.5.405

Charles, S. T., Mather, M., & Carstensen, L. L. (2003). Aging and emotional memory: The forgettable 
nature of negative images for older adults. Journal of Experimental Psychology: General, 132(2), 
310–324. https://doi.org/10.1037/0096-3445.132.2.310

Comblain, A., & Schmetz, C. (2020). Improving theory of mind skills in Down syndrome?? A pilot study. 
Journal of Cognitive Education and Psychology,19(1), 20–31. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​8​9​1​/​J​C​E​P​-​D​-​1​8​-​0​
0​0​3​4​​​​​​​

Connolly, P., Miller, S., Hanratty, J., Roberts, J., & Sloan, S. (2018). Protocol for a systematic review: 
Universal school-based programmes for improving social and emotional outcomes in children aged 
3–11 years: A systematic review and meta‐analysis. Campbell Systematic Reviews,14(1), 1–39. ​h​t​t​p​
s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​2​/​C​L​2​.​2​1​0​​​​​​​

Crivelli, C., & Fridlund, A. J. (2018). Facial displays are tools for social influence. Trends in Cognitive 
Sciences, 22(5), 388–399. https://doi.org/10.1016/j.tics.2018.02.006

Denham, S. A., Bassett, H. H., Brown, C., Way, E., & Steed, J. (2015). I know how you feel: Preschoolers’ 
emotion knowledge contributes to early school success. Journal of Early Childhood Research, 13(3), 
252–262. https://doi.org/10.1177/1476718X13497354

Di Domenico, A., Palumbo, R., Mammarella, N., & Fairfield, B. (2015). Aging and emotional expressions: 
Is there a positivity bias during dynamic emotion recognition? Frontiers in Psychology, 6. ​h​t​t​p​s​:​/​/​d​o​
i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​p​s​y​g​.​2​0​1​5​.​0​1​1​3​0​​​​​​​

Dunn, L., Thériault-Whalen, C., & Dunn, L. M. (1993). Peabody picture vocabulary test - revised. Psycan.
Dykens, E. M. (2007). Psychiatric and behavioral disorders in persons with down syndrome. Mental 

Retardation and Developmental Disabilities Research Reviews, 13(3), 272–278. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​
.​1​0​0​2​/​m​r​d​d​.​2​0​1​5​9​​​​​​​

Erwin, R. J., Gur, R. C., Gur, R. E., Skolnick, B., Mawhinney-Hee, M., & Smailis, J. (1992). Facial 
emotion discrimination: I. Task construction and behavioral findings in normal subjects. Psychiatry 
Research, 42(3), 231–240. https://doi.org/10.1016/0165-1781(92)90115-J

Evers, K., Steyaert, J., Noens, I., & Wagemans, J. (2015). Reduced recognition of dynamic facial emo-
tional expressions and emotion-specific response bias in children with an autism spectrum disorder. 
Journal of Autism and Developmental Disorders,45(6), 1774–1784. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​0​8​0​
3​-​0​1​4​-​2​3​3​7​-​x​​​​​​​

Fidler, D. (2006). The emergence of a syndrome-specific personality profile in young children with down 
syndrome. Down Syndrome Research and Practice, 10(2), 53–60. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​1​0​4​/​r​e​p​r​i​n​t​s​.​3​
0​5​​​​​​​

Finlon, K. J., Izard, C. E., Seidenfeld, A., Johnson, S. R., Cavadel, E. W., Ewing, E. S. K., & Morgan, J. K. 
(2015). Emotion-based preventive intervention: Effectively promoting emotion knowledge and adap-
tive behavior among at-risk preschoolers. Development and Psychopathology, 27(4pt1), 1353–1365. 
https://doi.org/10.1017/S0954579414001461

Fischer, A. H., & Manstead, A. S. R. (2016). Social functions of emotion and emotion regulation. New 
York4thThe Guilford Press. ​h​t​t​p​s​:​​/​/​d​a​r​​e​.​u​v​a​.​​n​l​/​s​​e​a​r​c​h​​?​i​d​e​n​​t​i​f​i​e​r​​=​7​6​6​​6​3​4​8​6​​-​5​0​a​4​​-​4​6​b​1​-​​9​2​1​2​​-​2​e​8​d​c​
3​6​2​4​8​c​f

1 3

https://doi.org/10.1016/j.ridd.2011.12.004
https://doi.org/10.1007/s10919-017-0269-9
https://doi.org/10.1080/15248372.2020.1741365
https://doi.org/10.1080/15248372.2020.1741365
https://www.tandfonline.com/doi/full/
https://doi.org/10.1111/j.1365-2788.2009.01215.x
https://doi.org/10.1352/1944-7558-122.2.138
https://doi.org/10.1352/1944-7558-119.5.405
https://doi.org/10.1037/0096-3445.132.2.310
https://doi.org/10.1891/JCEP-D-18-00034
https://doi.org/10.1891/JCEP-D-18-00034
https://doi.org/10.1002/CL2.210
https://doi.org/10.1002/CL2.210
https://doi.org/10.1016/j.tics.2018.02.006
https://doi.org/10.1177/1476718X13497354
https://doi.org/10.3389/fpsyg.2015.01130
https://doi.org/10.3389/fpsyg.2015.01130
https://doi.org/10.1002/mrdd.20159
https://doi.org/10.1002/mrdd.20159
https://doi.org/10.1016/0165-1781(92)90115-J
https://doi.org/10.1007/s10803-014-2337-x
https://doi.org/10.1007/s10803-014-2337-x
https://doi.org/10.3104/reprints.305
https://doi.org/10.3104/reprints.305
https://doi.org/10.1017/S0954579414001461
https://dare.uva.nl/search?identifier=76663486-50a4-46b1-9212-2e8dc36248cf
https://dare.uva.nl/search?identifier=76663486-50a4-46b1-9212-2e8dc36248cf


Journal of Developmental and Physical Disabilities

Foley, K. R., Taffe, J., Bourke, J., Einfeld, S. L., Tonge, B. J., Trollor, J., & Leonard, H. (2016). Young 
people with intellectual disability transitioning to adulthood: Do behaviour trajectories differ in those 
with and without Down syndrome?? PLoS One,11(7), Article e0157667. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​3​7​1​/​j​o​u​
r​n​a​l​.​p​o​n​e​.​0​1​5​7​6​6​7​​​​​​​

Gabriel, E. T., Oberger, R., Schmoeger, M., Deckert, M., Vockh, S., Auff, E., & Willinger, U. (2021). 
Cognitive and affective theory of mind in adolescence: Developmental aspects and associated neuro-
psychological variables. Psychological Research,85(2), 533–553. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​0​0​4​2​6​-​0​
1​9​-​0​1​2​6​3​-​6​​​​​​​

Gao, X., & Maurer, D. (2009). Influence of intensity on children’s sensitivity to happy, sad, and fearful 
facial expressions. Journal of Experimental Child Psychology, 102(4), 503–521. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​
1​0​1​6​/​j​.​j​e​c​p​.​2​0​0​8​.​1​1​.​0​0​2​​​​​​​

Gao, X., & Maurer, D. (2010). A happy story: Developmental changes in children’s sensitivity to facial 
expressions of varying intensities. Journal of Experimental Child Psychology, 107(2), 67–86. ​h​t​t​p​s​:​
/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​e​c​p​.​2​0​1​0​.​0​5​.​0​0​3​​​​​​​

Garcia, S. E., & Tully, E. C. (2020). Children’s recognition of happy, sad, and angry facial expressions 
across emotive intensities. Journal of Experimental Child Psychology, 197, 104881. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​
1​0​.​1​0​1​6​/​j​.​j​e​c​p​.​2​0​2​0​.​1​0​4​8​8​1​​​​​​​

Gonçalves, A. R., Fernandes, C., Pasion, R., Ferreira-Santos, F., Barbosa, F., & Marques-Teixeira, J. 
(2018). Effects of age on the identification of emotions in facial expressions: A meta-analysis. PeerJ, 
6, e5278. https://doi.org/10.7717/peerj.5278

Gunbey, H. P., Bilgici, M. C., Aslan, K., et al. (2017). Structural brain alterations of Down’s syndrome in 
early childhood evaluation by DTI and volumetric analyses. European Radiolology, 27, 3013–3021. 
https://doi.org/10.1007/s00330-016-4626-6

Haase, C. M., Seider, B. H., Shiota, M. N., & Levenson, R. W. (2012). Anger and sadness in response to 
an emotionally neutral film: Evidence for age-specific associations with well-being. Psychology and 
Aging, 27(2), 305–317. https://doi.org/10.1037/a0024959

Hayes, G. S., McLennan, S. N., Henry, J. D., Phillips, L. H., Terrett, G., Rendell, P. G., Pelly, R. M., & 
Labuschagne, I. (2020). Task characteristics influence facial emotion recognition age-effects: A meta-
analytic review. Psychology and Aging, 35(2), 295–315. https://doi.org/10.1037/pag0000441

Herba, C., & Phillips, M. (2004). Annotation: Development of facial expression recognition from child-
hood to adolescence: Behavioural and neurological perspectives. Journal of Child Psychology and 
Psychiatry, 45(7), 1185–1198. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​4​6​9​-​​7​6​1​0​.​2​​0​0​4​.​​0​0​3​1​6​.​x

Herba, C. M., Landau, S., Russell, T., Ecker, C., & Phillips, M. L. (2006). The development of emotion-
processing in children: Effects of age, emotion, and intensity. Journal of Child Psychology and Psy-
chiatry,47(11), 1098–1106. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​4​6​9​-​​7​6​1​0​.​2​​0​0​6​.​​0​1​6​5​2​.​x

Herba, C. M., Benson, P., Landau, S., Russell, T., Goodwin, C., Lemche, E., Santosh, P., & Phillips, M. 
(2008). Impact of familiarity upon children’s developing facial expression recognition. Journal of 
Child Psychology and Psychiatry, 49(2), 201–210. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​4​6​9​-​​7​6​1​0​.​2​​0​0​7​.​​0​1​8​3​
5​.​x

Hess, U., Blairy, S., & Kleck, R. E. (1997). The intensity of emotional facial expressions and decoding 
accuracy. Journal of Nonverbal Behavior, 21(4), 241–257. https://doi.org/10.1023/A:1024952730333

Hippolyte, L., Barisnikov, K., & Van der Linden, M. (2008). Face processing and facial emotion recogni-
tion in adults with down syndrome**. American Journal on Mental Retardation, 113(4), 292–306. 
https://doi.org/10.1352/0895-8017(2008)113[292:FPAFER]2.0.CO;2.

Hippolyte, L., Barisnikov, K., Van der Linden, M., & Detraux, J. J. (2009). From facial emotional recogni-
tion abilities to emotional attribution: A study in Down syndrome. Research in Developmental Dis-
abilities,30(5), 1007–1022. https://doi.org/10.1016/j.ridd.2009.02.004

Hippolyte, L., Iglesias, K., Van der Linden, M., & Barisnikov, K. (2010). Social reasoning skills in adults 
with Down syndrome: The role of language, executive functions and socio-emotional behaviour. 
Journal of Intellectual Disability Research,54(8), 714–726. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​3​6​5​-​​2​7​8​8​.​2​​0​
1​0​.​​0​1​2​9​9​.​x

Holland, C. A. C., Ebner, N. C., Lin, T., & Samanez-Larkin, G. R. (2019). Emotion identification across 
adulthood using the dynamic FACES database of emotional expressions in younger, middle aged, 
and older adults. Cognition and Emotion, 33(2), 245–257. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​0​2​​6​9​9​9​3​​1​.​2​0​1​8​​.​
1​4​4​​5​9​8​1

Izard, C. E. (2011). Forms and functions of emotions: Matters of emotion–cognition interactions. Emotion 
Review,3(4), 371–378. https://doi.org/10.1177/1754073911410737

1 3

https://doi.org/10.1371/journal.pone.0157667
https://doi.org/10.1371/journal.pone.0157667
https://doi.org/10.1007/s00426-019-01263-6
https://doi.org/10.1007/s00426-019-01263-6
https://doi.org/10.1016/j.jecp.2008.11.002
https://doi.org/10.1016/j.jecp.2008.11.002
https://doi.org/10.1016/j.jecp.2010.05.003
https://doi.org/10.1016/j.jecp.2010.05.003
https://doi.org/10.1016/j.jecp.2020.104881
https://doi.org/10.1016/j.jecp.2020.104881
https://doi.org/10.7717/peerj.5278
https://doi.org/10.1007/s00330-016-4626-6
https://doi.org/10.1037/a0024959
https://doi.org/10.1037/pag0000441
https://doi.org/10.1111/j.1469-7610.2004.00316.x
https://doi.org/10.1111/j.1469-7610.2006.01652.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1023/A:1024952730333
https://doi.org/10.1352/0895-8017
https://doi.org/10.1016/j.ridd.2009.02.004
https://doi.org/10.1111/j.1365-2788.2010.01299.x
https://doi.org/10.1111/j.1365-2788.2010.01299.x
https://doi.org/10.1080/02699931.2018.1445981
https://doi.org/10.1080/02699931.2018.1445981
https://doi.org/10.1177/1754073911410737


Journal of Developmental and Physical Disabilities

Izard, C. E., King, K. A., Trentacosta, C. J., Morgan, J. K., Laurenceau, J. P., Krauthamer-Ewing, E. S., 
& Finlon, K. J. (2008). Accelerating the development of emotion competence in head start children: 
Effects on adaptive and maladaptive behavior. Development and Psychopathology, 20(1), 369–397. 
https://doi.org/10.1017/S0954579408000175

Jahromi, L. B., Gulsrud, A., & Kasari, C. (2008). Emotional competence in children with down syndrome: 
Negativity and regulation. American Journal on Mental Retardation, 113(1), 32. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​
3​5​2​/​0​8​9​5​-​8​0​1​7​(​​​​​2​0​0​8​)​1​1​3​[​3​2​:​E​C​I​C​W​D​]​2​.​0​.​C​O​;​2​.​​​

Jelili, S., Halayem, S., Taamallah, A., Ennaifer, S., Rajhi, O., Moussa, M., Ghazzei, M., Nabli, A., Ouanes, 
S., Abbes, Z., Hajri, M., Fakhfakh, R., & Bouden, A. (2021). Impaired recognition of static and 
dynamic facial emotions in children with autism spectrum disorder using stimuli of varying intensi-
ties, different genders, and age ranges faces. Frontiers in Psychiatry. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​p​s​y​t​.​
2​0​2​1​.​6​9​3​3​1​0​​​​​​​

Jenness, J. L., Hankin, B. L., Young, J. F., & Gibb, B. E. (2015). Misclassification and identification of 
emotional facial expressions in depressed youth: A preliminary study. Journal of Clinical Child & 
Adolescent Psychology, 44(4), 559–565. https://doi.org/10.1080/15374416.2014.891226

Jernigan, T. L., & Gamst, A. C. (2005). Changes in volume with age—Consistency and interpretation of 
observed effects. Neurobiology of Aging, 26(9), 1271–1274. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​n​e​u​r​o​​b​i​o​l​a​g​​i​n​
g​.​​2​0​0​5​.​0​5​.​0​1​6

Jernigan, T. L., Bellugi, U., Sowell, E., Doherty, S., & Hesselink, J. R. (1993). Cerebral morphologic dis-
tinctions between Williams and Down syndromes. Archives of Neurology,50(2), 186–191. ​h​t​t​p​s​:​​/​/​d​o​
i​​.​o​r​g​/​1​​0​.​1​0​​0​1​/​a​r​​c​h​n​e​u​​r​.​1​9​9​3​​.​0​0​5​​4​0​0​2​0​0​6​2​0​1​9

Karmiloff-Smith, A. (2009). Nativism versus neuroconstructivism: Rethinking the study of developmental 
disorders. Developmental Psychology, 45(1), 56–63. https://doi.org/10.1037/a0014506

Kasari, C., Freeman, S. F. N., & Hughes, M. A. (2001). Emotion recognition by children with down syn-
drome. American Journal on Mental Retardation,106(1), 59. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​3​​5​2​/​0​8​9​5​-​8​0​1​7​(​2​0​0​
1​)​1​0​6​%​3​C​;​0​0​5​9​:​E​R​B​C​W​D​%​3​E​;​2​.​0​.​C​O​;​2

Koran, M. E. I., Hohman, T. J., Edwards, C. M., Vega, J. N., Pryweller, J. R., Slosky, L. E., Crockett, 
G., Villa de Rey, L., Meda, S. A., Dankner, N., Avery, S. N., Blackford, J. U., Dykens, E. M., & 
Thornton-Wells, T. A. (2014). Differences in age-related effects on brain volume in down syndrome 
as compared to Williams syndrome and typical development. Journal of Neurodevelopmental Disor-
ders, 6(1), 8. https://doi.org/10.1186/1866-1955-6-8

Lanfranchi, S., Jerman, O., Dal Pont, E., Alberti, A., & Vianello, R. (2010). Executive function in adoles-
cents with Down syndrome. Journal of Intellectual Disability Research,54(4), 308–319. ​h​t​t​p​s​:​​/​/​d​o​i​​.​
o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​3​6​5​-​​2​7​8​8​.​2​​0​1​0​.​​0​1​2​6​2​.​x

Lemerise, E. A., & Arsenio, W. F. (2000). An integrated model of emotion processes and cognition in 
social information processing. Child Development, 71(1), 107–118. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​1​1​/​1​4​6​7​-​8​
6​2​4​.​0​0​1​2​4​​​​​​​

Liu, M., Schwab, J., & Hess, U. (2023). Language and face in interactions: Emotion perception, social 
meanings, and communicative intentions. Frontiers in Psychology. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​p​s​y​g​.​2​0​
2​3​.​1​1​4​6​4​9​4​​​​​​​

Majerus, S., & Barisnikov, K. (2018). Verbal short-term memory shows a specific association with recep-
tive but not productive vocabulary measures in Down syndrome. Journal of Intellectual Disability 
Research,62(1), 10–20. https://doi.org/10.1111/jir.12443

McKone, E., Crookes, K., Jeffery, L., & Dilks, D. D. (2012). A critical review of the development of 
face recognition: Experience is less important than previously believed. Cognitive Neuropsychology. 
https://doi.org/10.1080/02643294.2012.660138. https://www.tandfonline.com/doi/full/

Mienaltowski, A., Johnson, E. R., Wittman, R., Wilson, A. T., Sturycz, C., & Norman, J. F. (2013). The 
visual discrimination of negative facial expressions by younger and older adults. Vision Research, 81, 
12–17. https://doi.org/10.1016/j.visres.2013.01.006

Morgan, J. K., Izard, C. E., & King, K. A. (2010). Construct validity of the emotion matching task: Prelim-
inary evidence for convergent and criterion validity of a new emotion knowledge measure for young 
children. Social Development, 19(1), 52–70. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​4​6​7​-​​9​5​0​7​.​2​​0​0​8​.​​0​0​5​2​9​.​x

Næss, K. A. B., Lyster, S. A. H., Hulme, C., & Melby-Lervåg, M. (2011). Language and verbal short-term 
memory skills in children with down syndrome: A meta-analytic review. Research in Developmental 
Disabilities, 32(6), 2225–2234. https://doi.org/10.1016/j.ridd.2011.05.014

O’Brien, M., Weaver, J. M., Nelson, J. A., Calkins, S. D., Leerkes, E. M., & Marcovitch, S. (2011). Lon-
gitudinal associations between children’s Understanding of emotions and theory of Mind. Cognition 
and Emotion. https://doi.org/10.1080/02699931.2010.518417. https://www.tandfonline.com/doi/full/

1 3

https://doi.org/10.1017/S0954579408000175
https://doi.org/10.1352/0895-8017(
https://doi.org/10.1352/0895-8017(
https://doi.org/10.3389/fpsyt.2021.693310
https://doi.org/10.3389/fpsyt.2021.693310
https://doi.org/10.1080/15374416.2014.891226
https://doi.org/10.1016/j.neurobiolaging.2005.05.016
https://doi.org/10.1016/j.neurobiolaging.2005.05.016
https://doi.org/10.1001/archneur.1993.00540020062019
https://doi.org/10.1001/archneur.1993.00540020062019
https://doi.org/10.1037/a0014506
https://doi.org/10.1352/0895-8017(2001)106%3C;0059:ERBCWD%3E;2.0.CO;2
https://doi.org/10.1352/0895-8017(2001)106%3C;0059:ERBCWD%3E;2.0.CO;2
https://doi.org/10.1186/1866-1955-6-8
https://doi.org/10.1111/j.1365-2788.2010.01262.x
https://doi.org/10.1111/j.1365-2788.2010.01262.x
https://doi.org/10.1111/1467-8624.00124
https://doi.org/10.1111/1467-8624.00124
https://doi.org/10.3389/fpsyg.2023.1146494
https://doi.org/10.3389/fpsyg.2023.1146494
https://doi.org/10.1111/jir.12443
https://doi.org/10.1080/02643294.2012.660138
https://www.tandfonline.com/doi/full/
https://doi.org/10.1016/j.visres.2013.01.006
https://doi.org/10.1111/j.1467-9507.2008.00529.x
https://doi.org/10.1016/j.ridd.2011.05.014
https://doi.org/10.1080/02699931.2010.518417
https://www.tandfonline.com/doi/full/


Journal of Developmental and Physical Disabilities

Orgeta, V., & Phillips, L. H. (2007). Effects of age and emotional intensity on the recognition of facial 
emotion. Experimental Aging Research, 34(1), 63–79. https://doi.org/10.1080/03610730701762047

Pavlova, M. A., Galli, J., Pagani, F., Micheletti, S., Guerreschi, M., Sokolov, A. N., Fallgatter, A. J., & 
Fazzi, E. M. (2018). Social cognition in Down syndrome: Face tuning in face-like non-face images. 
Frontiers in Psychology. https://doi.org/10.3389/fpsyg.2018.02583

Phillips, B. A., Loveall, S. J., Channell, M. M., & Conners, F. A. (2014). Matching variables for research 
involving youth with Down syndrome: Leiter-R versus PPVT-4. Research in Developmental Dis-
abilities,35(2), 429–438. https://doi.org/10.1016/j.ridd.2013.11.016

Pochon, R., & Declercq, C. (2014). Emotional lexicon understanding and emotion recognition: A longi-
tudinal study in children with Down syndrome. Journal of Developmental and Physical Disabili-
ties,26(5), 549–563. https://doi.org/10.1007/s10882-014-9380-6

Pochon, R., Touchet, C., & Ibernon, L. (2017). Emotion recognition in adolescents with Down syndrome: 
a nonverbal approach. Brain Sciences, 7(12), 55. https://doi.org/10.3390/brainsci7060055

Pochon, R., Touchet, C., & Ibernon, L. (2022). Recognition of basic emotions with and without the use of 
emotional vocabulary by adolescents with Down syndrome. Behavioral Sciences. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​
.​3​3​9​0​/​b​s​1​2​0​6​0​1​6​7​​​​​​​

Pons, F., & Harris, P. L. (2019). Children’s Understanding of Emotions or Pascal’s Error: Review and 
Prospects. In V. LoBue, K. Pérez-Edgar, & K. A. Buss (Éds.), Handbook of Emotional Development 
(pp. 431–449). Springer International Publishing. https://doi.org/10.1007/978-3-030-17332-6_17

Pons, F., Lawson, J., Harris, P. L., & De Rosnay, M. (2003). Individual differences in children’s emotion 
understanding: Effects of age and language. Scandinavian Journal of Psychology,44(4), 347–353. 
https://doi.org/10.1111/1467-9450.00354

Pons, F., Harris, P. L., & de Rosnay, M. (2004). Emotion comprehension between 3 and 11 years: Devel-
opmental periods and hierarchical organization. European Journal of Developmental Psychology. 
https://doi.org/10.1080/17405620344000022

Porter, M. A., Coltheart, M., & Langdon, R. (2007). The neuropsychological basis of hypersociability in 
Williams and Down syndrome. Neuropsychologia,45(12), 2839–2849. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​n​e​u​
r​o​​p​s​y​c​h​o​​l​o​g​i​​a​.​2​0​0​7​.​0​5​.​0​0​6

Raven, J. C., Court, J. H., & Raven, J. (1998). Progressive matrices couleur/colored progressive matrices. 
Centre de Psychologie Appliquée.

Reed, P., & Steed, I. (2015). Interference with facial emotion recognition by verbal but not visual loads. 
Research in Developmental Disabilities, 47, 441–450. https://doi.org/10.1016/j.ridd.2015.10.007

Riby, D. M., Doherty-Sneddon, G., & Bruce, V. (2008). Exploring face perception in disorders of devel-
opment: Evidence from Williams syndrome and autism. Journal of Neuropsychology, 2(1), 47–64. 
https://doi.org/10.1348/174866407X255690

Richoz, A.-R., Lao, J., Pascalis, O., & Caldara, R. (2018). Tracking the recognition of static and dynamic 
facial expressions of emotion across the life span. Journal of Vision, 18(9), 5. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​
6​7​/​1​8​.​9​.​5​​​​​​​

Rocca, C. C., de Heuvel, A., van den, E., Caetano, S. C., & Lafer, B. (2009). Facial emotion recognition 
in bipolar disorder: A critical review. Brazilian Journal of Psychiatry, 31, 171–180. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​
0​.​1​5​​9​0​/​S​1​​5​1​6​-​4​​4​4​6​2​0​0​​9​0​0​0​​2​0​0​0​1​5

Roch, M., Pesciarelli, F., & Leo, I. (2020). How individuals with Down syndrome process faces and words 
conveying emotions?? Evidence from a priming paradigm. Frontiers in Psychology. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​
1​0​.​3​3​8​9​/​f​p​s​y​g​.​2​0​2​0​.​0​0​6​9​2​​​​​​​

Rodger, H., Vizioli, L., Ouyang, X., & Caldara, R. (2015). Mapping the development of facial expression 
recognition. Developmental Science, 18(6), 926–939. https://doi.org/10.1111/desc.12281

Rodger, H., Lao, J., & Caldara, R. (2018). Quantifying facial expression signal and intensity use during 
development. Journal of Experimental Child Psychology, 174, 41–59. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​e​c​
p​.​2​0​1​8​.​0​5​.​0​0​5​​​​​​​

Rojahn, J., Kroeger, T. L., & McElwain, D. C. (1995). Psychometric properties and preliminary norms of 
the Penn facial discrimination task in adults with mental retardation. Journal of Developmental and 
Physical Disabilities, 7(4), 285–301. https://doi.org/10.1007/BF02578432

Rowe, J., Lavender, A., & Turk, V. (2006). Cognitive executive function in Down’s syndrome. British 
Journal of Clinical Psychology,45(1), 5–17. https://doi.org/10.1348/014466505X29594

Ruffman, T., Henry, J. D., Livingstone, V., & Phillips, L. H. (2008). A meta-analytic review of emo-
tion recognition and aging: Implications for neuropsychological models of aging. Neuroscience and 
Biobehavioral Reviews,32(4), 863–881. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​n​e​u​b​i​​o​r​e​v​.​2​​0​0​8​.​​0​1​.​0​0​1

1 3

https://doi.org/10.1080/03610730701762047
https://doi.org/10.3389/fpsyg.2018.02583
https://doi.org/10.1016/j.ridd.2013.11.016
https://doi.org/10.1007/s10882-014-9380-6
https://doi.org/10.3390/brainsci7060055
https://doi.org/10.3390/bs12060167
https://doi.org/10.3390/bs12060167
https://doi.org/10.1007/978-3-030-17332-6_17
https://doi.org/10.1111/1467-9450.00354
https://doi.org/10.1080/17405620344000022
https://doi.org/10.1016/j.neuropsychologia.2007.05.006
https://doi.org/10.1016/j.neuropsychologia.2007.05.006
https://doi.org/10.1016/j.ridd.2015.10.007
https://doi.org/10.1348/174866407X255690
https://doi.org/10.1167/18.9.5
https://doi.org/10.1167/18.9.5
https://doi.org/10.1590/S1516-44462009000200015
https://doi.org/10.1590/S1516-44462009000200015
https://doi.org/10.3389/fpsyg.2020.00692
https://doi.org/10.3389/fpsyg.2020.00692
https://doi.org/10.1111/desc.12281
https://doi.org/10.1016/j.jecp.2018.05.005
https://doi.org/10.1016/j.jecp.2018.05.005
https://doi.org/10.1007/BF02578432
https://doi.org/10.1348/014466505X29594
https://doi.org/10.1016/j.neubiorev.2008.01.001


Journal of Developmental and Physical Disabilities

Rutter, L. A., Dodell-Feder, D., Vahia, I. V., Forester, B. P., Ressler, K. J., Wilmer, J. B., & Germine, L. 
(2019). Emotion sensitivity across the lifespan: Mapping clinical risk periods to sensitivity to facial 
emotion intensity. Journal of Experimental Psychology: General, 148(11), 1993–2005. ​h​t​t​p​s​:​/​/​d​o​i​.​o​
r​g​/​1​0​.​1​0​3​7​/​x​g​e​0​0​0​0​5​5​9​​​​​​​

Shen, X., Fan, G., Niu, C., & Chen, Z. (2021). Catching a liar through facial expression of fear. Frontiers 
in Psychology. https://doi.org/10.3389/fpsyg.2021.675097

Staff, A. I., Luman, M., Van der Oord, S., Bergwerff, C. E., van den Hoofdakker, B. J., & Oosterlaan, J. 
(2022). Facial emotion recognition impairment predicts social and emotional problems in children 
with (subthreshold) ADHD. European Child & Adolescent Psychiatry, 31(5), 715–727.

Straccia, C., Baggio, S., & Barisnikov, K. (2014). Mental illness, behavior problems, and social behav-
ior in adults with down syndrome. Journal of Mental Health Research in Intellectual Disabilities. 
https://doi.org/10.1080/19315864.2012.741660. https://www.tandfonline.com/doi/full/

Thomas, L. A., De Bellis, M. D., Graham, R., & LaBar, K. S. (2007). Development of emotional facial 
recognition in late childhood and adolescence. Developmental Science, 10(5), 547–558. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​
r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​4​6​7​-​​7​6​8​7​.​2​​0​0​7​.​​0​0​6​1​4​.​x

Vicari, S., Reilly, J. S., Pasqualetti, P., Vizzotto, A., & Caltagirone, C. (2000). Recognition of facial expres-
sions of emotions in school-age children: The intersection of perceptual and semantic categories. 
Acta Paediatrica, 89(7), 836–845. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​6​5​1​-​​2​2​2​7​.​2​​0​0​0​.​​t​b​0​0​3​9​2​.​x

Virji-Babul, N., Watt, K., Nathoo, F., & Johnson, P. (2012). Recognition of facial expressions of emotion 
in adults with Down syndrome. Physical & Occupational Therapy in Pediatrics. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​
3​1​0​9​/​0​1​9​4​2​6​3​8​.​2​0​1​1​.​6​5​3​6​2​6​​​​​​​

Vuilleumier, P., & Pourtois, G. (2007). Distributed and interactive brain mechanisms during emotion face 
perception: Evidence from functional neuroimaging. Neuropsychologia, 45(1), 174–194. ​h​t​t​p​s​:​​/​/​d​o​i​​.​
o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​n​e​u​r​o​​p​s​y​c​h​o​​l​o​g​i​​a​.​2​0​0​6​.​0​6​.​0​0​3

West, J. T., Horning, S. M., Klebe, K. J., Foster, S. M., Cornwell, R. E., Perrett, D., Burt, D. M., & Davis, 
H. P. (2012). Age effects on emotion recognition in facial displays: From 20 to 89 years of age. 
Experimental Aging Research. https://doi.org/10.1080/0361073X.2012.659997. ​h​t​t​p​s​:​/​/​w​w​w​.​t​a​n​d​f​o​
n​l​i​n​e​.​c​o​m​/​d​o​i​/​f​u​l​l​/​​​​​​​

Widen, S. C. (2013). Children’s interpretation of facial expressions: The long path from valence-based to 
specific discrete categories. Emotion Review,5(1), 72–77. https://doi.org/10.1177/1754073912451492

Widen, S. C., & Russell, J. A. (2013). Children’s recognition of disgust in others. Psychological Bulletin, 
139(2), 271–299. https://doi.org/10.1037/a0031640

Williams, K. R., Wishart, J. G., Pitcairn, T. K., & Willis, D. S. (2005). Emotion recognition by children 
with down syndrome: Investigation of specific impairments and error patterns. American Journal 
on Mental Retardation,110(5), 378. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​3​​5​2​/​0​8​9​5​-​8​0​1​7​(​2​0​0​5​)​1​1​0​[​3​7​8​:​E​R​B​C​W​D​]​2​
.​0​.​C​O​;​2

Wingenbach, T. S. H., Ashwin, C., & Brosnan, M. (2017). Diminished sensitivity and specificity at recog-
nising facial emotional expressions of varying intensity underlie emotion-specific recognition defi-
cits in autism spectrum disorders. Research in Autism Spectrum Disorders, 34, 52–61. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​
g​/​1​0​.​1​0​1​6​/​j​.​r​a​s​d​.​2​0​1​6​.​1​1​.​0​0​3​​​​​​​

Wishart, J. G., & Pitcairn, T. K. (2000). Recognition of identity and expression in faces by children with 
down syndrome. American Journal on Mental Retardation,105(6), 466–479. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​r​​g​/​​1​0​.​​1​3​​5​2​
/​0​​8​9​5​-​8​0​1​7​(​2​0​0​0​)​1​0​5​%​3​C​;​0​4​6​6​:​R​O​I​A​E​I​%​3​E​;​2​.​0​.​C​O​;​2

Yang, Y., & Wang, Q. (2023). Longitudinal relations of emotion knowledge to psychosocial adjustment 
in European and Chinese American school-age children. Social Development, 32(4), 1149–1167. 
https://doi.org/10.1111/sode.12679

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

1 3

https://doi.org/10.1037/xge0000559
https://doi.org/10.1037/xge0000559
https://doi.org/10.3389/fpsyg.2021.675097
https://doi.org/10.1080/19315864.2012.741660
https://www.tandfonline.com/doi/full/
https://doi.org/10.1111/j.1467-7687.2007.00614.x
https://doi.org/10.1111/j.1467-7687.2007.00614.x
https://doi.org/10.1111/j.1651-2227.2000.tb00392.x
https://doi.org/10.3109/01942638.2011.653626
https://doi.org/10.3109/01942638.2011.653626
https://doi.org/10.1016/j.neuropsychologia.2006.06.003
https://doi.org/10.1016/j.neuropsychologia.2006.06.003
https://doi.org/10.1080/0361073X.2012.659997
https://www.tandfonline.com/doi/full/
https://www.tandfonline.com/doi/full/
https://doi.org/10.1177/1754073912451492
https://doi.org/10.1037/a0031640
https://doi.org/10.1352/0895-8017(2005)110[378:ERBCWD]2.0.CO;2
https://doi.org/10.1352/0895-8017(2005)110[378:ERBCWD]2.0.CO;2
https://doi.org/10.1016/j.rasd.2016.11.003
https://doi.org/10.1016/j.rasd.2016.11.003
https://doi.org/10.1352/0895-8017(2000)105%3C;0466:ROIAEI%3E;2.0.CO;2
https://doi.org/10.1352/0895-8017(2000)105%3C;0466:ROIAEI%3E;2.0.CO;2
https://doi.org/10.1111/sode.12679


Journal of Developmental and Physical Disabilities

Authors and Affiliations

Koviljka Barisnikov1 · Fleur Lejeune1

	
 Fleur Lejeune
Fleur.Lejeune@unige.ch

Koviljka Barisnikov
Koviljka.Barisnikov@unige.ch

1	 University of Geneva, Geneva, Switzerland

1 3


	﻿Sensitivity To Emotional Intensity and Emotion Expression Recognition Abilities in Children and Adults with down Syndrome
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Participants
	﻿Procedure
	﻿Recognition of Face Expressions
	﻿Emotion Identification Task
	﻿Emotion Matching Task


	﻿Expression Intensity Discrimination Task
	﻿Peabody Picture Vocabulary Test-Revised (PPVT-R)
	﻿Statistical Analysis
	﻿Results
	﻿Comparison of Age Groups in Individuals with DS
	﻿Tasks
	﻿Emotions


	﻿Correlation Analyses
	﻿With Age
	﻿With Vocabulary Level

	﻿Discussion
	﻿Impact of Task Modality on Performance
	﻿Emotional Expression Recognition Patterns
	﻿Role of Emotional Intensity
	﻿Conclusions
	﻿Limitations and Future Directions


	﻿References


