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Introduction: Objective measures of emotional valence in young children are

rare, but recent work has employed motion depth sensor imaging to measure

young children’s emotional expression via changes in their body posture. This

method e�ciently captures children’s emotional valence, moving beyond self-

reports or caregiver reports, and avoiding extensive manual coding, e.g., of

children’s facial expressions. Moreover, it can be flexibly and non-invasively

used in interactive study paradigms, thus o�ering an advantage over other

physiological measures of emotional valence.

Method: Here, we discuss the merits of studying body posture in developmental

research and showcase its use in six studies. To this end, we provide a

comprehensive validation in which we map the measures of children’s posture

onto the constructs of emotional valence and arousal. Using body posture data

aggregated from six studies (N= 466;Mage = 5.08; range: 2 years, 5 months to 6

years, 2 months; 220 girls), coders rated children’s expressed emotional valence

and arousal, and provided a discrete emotion label for each child.

Results: Emotional valence was positively associated with children’s change

in chest height and chest expansion: children with more upright upper-body

postures were rated as expressing a more positive emotional valence whereas

the relation between emotional arousal and changes in body posture was weak.

Discussion: These data add to existing evidence that changes in body posture

reliably reflect emotional valence. They thus provide an empirical foundation

to conduct research on children’s spontaneously expressed emotional valence

using the automated and e�cient tool of body posture analysis.
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Introduction

Understanding children’s emotional responses provides an important window into

their cognitive, social, and moral development. For instance, scholars have relied on

emotional valence to gain insights into the motivational mechanisms (such as empathy,

gratitude, guilt, and shame) underlying the development andmaintenance of (pro)sociality

and cooperation in young children (Aknin et al., 2018; Gerdemann et al., 2022b; Malti

et al., 2019; Tan and Hamlin, 2024; Vaish and Hepach, 2020). Emotional responses also

enable the study of children’s emerging cognitive capacity for counterfactual thinking,

expressed through emotions such as regret and relief (Beck and Riggs, 2014; Weisberg and

Beck, 2012). Furthermore, assessing audience effects on emotional expression can provide
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insights into children’s metacognitive capacities and concerns for

their reputation (Botto and Rochat, 2018; Jones et al., 1991).

To uncover these various cognitive and motivational

mechanisms during ontogeny, reliable tools to measure young

children’s emotional responses are essential. One recent novel

approach has begun to provide insights into children’s emotional

responses by using automated measures of children’s body

posture, recorded using Microsoft Kinect depth sensor imaging

cameras (Gerdemann et al., 2022c; Hepach and Tomasello, 2020;

Sivertsen et al., 2024; Waddington et al., 2022). With this approach,

children’s body posture is automatically tracked while they walk

toward the camera during live interactive study paradigms. In later

processing steps, the elevation of children’s upper body posture

is used to assess emotion expression resulting from different

study manipulations. Here, we present the results of a validation

study in which we show that changes in children’s upper body

posture (assessed using Kinect cameras) robustly reflect changes in

children’s emotional valence. In addition, we examine the relation

between changes in children’s body posture and their emotional

arousal to assess which construct is captured best by changes in

upper body posture elevation. Our aim is to validate body posture

as a useful tool for measuring emotions in developmental science.

Before describing the present validation study, we discuss other

existing methods for studying children’s emotional responses

to illustrate the critical importance of adding measurements

of posture to the toolkit available to developmental scientists

interested in studying early emotional development.

Existing methods for measuring emotional
responses in childhood

One established approach to measuring young children’s

emotions involves interviewing children and directly asking them

to verbally self-report their emotions (Kogut, 2012; Uprichard

and McCormack, 2019). Interview methods can provide an easily

accessible measure of children’s emotional responses. Moreover,

this approach parallels the approach often taken to study adults’

emotions, thus rendering comparisons between children’s and

adults’ emotional expressions possible (de Hooge et al., 2008;

Gummerum et al., 2020; Keltner and Buswell, 1996). The main

limitation of interview-based methods in developmental science

is that they are only suitable for verbal populations (i.e., children

beyond their second or third year of life). Conducting studies of

children’s emotions across wide age ranges (including toddlers)

is difficult using interviews. Moreover, in cases in which children

respond to pre-provided prompts, their potential responses are

typically constrained by the available options (e.g., feeling “good,”

“a little bit good,” “a little bit bad,” and so on). These broad

categories in which children typically report their emotions may

obscure more subtle differences as these responses are not recorded

on a natural scale. On the other hand, open-ended interview

methods in which participants can provide richer descriptions

of their emotional state may not be suitable until children have

far more sophisticated cognitive and verbal abilities and may not

yield responses that can be easily analyzed using quantitative

methods. Thus, while interviews provide a very useful measure of

emotional experiences for verbal populations, they are limited in

their ability to measure subtle differences in degree and to older

developmental populations.

A second approach is based on manually coding children’s

emotional expressions as expressed, for instance, in their overall

affect (Aknin et al., 2012), facial expressions, including through the

facial action coding scheme, or FACS (Castro et al., 2018; Ekman

et al., 1978; Steckler et al., 2018; Strayer and Roberts, 1997) or

combination of bodily and facial features, such as those thought

to reflect complex emotions like guilt and shame (Kochanska

et al., 2002; Stipek et al., 1992; Vaish et al., 2016). This is a

useful approach for both verbal and non-verbal populations, and

therefore it can be applied from infancy throughout development.

The main disadvantage of having coders rate children’s emotional

expression manually is that it is a time-intensive method usually

requiring multiple naive coders. This approach therefore may only

be suitable for specific kinds of studies. For instance, it may be

less applicable to studies involving multiple trials and/or a large

sample size, due to resource limitations (Zaharieva et al., 2024).

However, increasing sample sizes or collecting data from multiple

trials is often desirable to increase statistical power and therefore

replicability in developmental science (Bergmann et al., 2018).

Moreover, as with an interview-based approach, the responses often

use pre-defined categories to code children’s emotional expression

rather than a natural scale, thereby potentially obscuring subtle

variations in the degree of emotional response. Especially when

the goal is to assess discrete emotions such as fear or anger, FACS

is often employed (Ekman et al., 1978). With this coding scheme,

different micro-movements or facial action units are identified.

Yet, there is a debate concerning whether discrete emotions can

be identified based on facial expressions, as many emotions show

overlapping facial action units. Moreover, emotional expressions

are often subtle and stereotyped emotion displays of the kind

that are usually expected when using FACS may be rarer in

naturalistic contexts, thus limiting the informativeness of this

approach (Barrett et al., 2019). Finally, a difficult methodological

challenge is posed by the question of which (facial) actions to code

or whether to focus on overall affect. Thus, although manually

coding emotional responses is informative, and can be used across

a wide age range, it has several downsides (Zaharieva et al., 2024).

Notably, there also exist automated computer-assisted methods

for applying the facial action coding scheme with infants and young

children (Zaharieva et al., 2024; Zanette et al., 2016). These detect

the occurrence and intensity of action units or of overall facial

expressions. Such methods overcome some of the limitations of

the manual coding of facial expressions, specifically concerning the

efficiency with which large data sets can be coded. However, so

far this method has focused exclusively on facial expressions and

has excluded other dimensions of emotional expression, such as

posture (Aviezer et al., 2012).

The disadvantages of these two often used methods to study

emotional development illustrate why developmental scientists

have increasingly turned to direct physiological measures of

children’s emotional arousal such as pupil dilation (Hepach et al.,

2012), galvanic skin conductance or electrodermal activity (EDA;

Gummerum et al., 2020), and emotional valence such as facial
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electromyography (fEMG; Vacaru et al., 2020). These methods

gauge young children’s emotions directly and objectively on fine-

grained natural scales.

It is important when discussing these measures to distinguish

between two dimensions of emotion: emotional arousal and valence

(Posner et al., 2005). Emotional valence is typically defined as the

pleasantness of an emotion, from negative to positive (Walle and

Dukes, 2023) or displeasure to pleasure (Reisenzein, 1994). On the

other hand, emotional arousal refers to the degree of physiological

or psychological activation compared to deactivation related to

an emotion (Reisenzein, 1994). Pupillometry and electrodermal

measures both assess emotional arousal but not emotional valence

(Bradley et al., 2008; Sirois and Brisson, 2014). Pupil dilation is

a result of activation of the sympathetic nervous system (Sirois

and Brisson, 2014). This can reflect changes in emotional arousal

in response to stimuli that are positive or negative in valence

(Bradley et al., 2008). Measuring emotional arousal via changes

in pupil dilation in infants and young children can be useful

for investigating whether children differentiate between different

scenes such as those involving a moral vs. a conventional violation

(Kassecker et al., 2023; Yucel et al., 2020). Electrodermal activity

similarly indicates sympathetic nervous system activity or stress

but cannot indicate emotional valence (Fowles, 2008). For instance,

measures of skin conductance have been used to indicate emotional

arousal in children in response to fair and unfair resource

allocations. However, the electrodermal activity data were paired

with explicit emotional valence ratings to disentangle the nature of

the emotional arousal (Gummerum et al., 2020).

Facial electromyography, on the other hand, can directly

inform about the valence of an emotional response. This is a

clear advantage of facial electromyography over other physiological

methods when the goal is to study emotional valence. Accordingly,

fEMG is increasingly used in developmental studies (Armstrong

et al., 2007; Beall et al., 2008; Cattaneo et al., 2018; Geangu et al.,

2016; Oberman et al., 2009; Tan and Hamlin, 2024; Vacaru et al.,

2020). With this method, changes in electrical activity resulting

from facial muscular contractions are recorded from the surface

of the skin using electrodes. Activation of the brow muscle, the

corrugator supercilii, has been found to be associated with negative

emotional valence whereas activation of the zygomaticus major, the

cheek muscle, is associated with positive emotional valence (van

Boxtel, 2010). Recent studies suggest that this general pattern also

holds for infant populations, who respond with congruent patterns

of facial muscle activation to happy and angry action kinematics

(Addabbo et al., 2020; Schröer et al., 2022). Finally, when planning

studies with this method, one must consider the relatively high

dropout rate with infant populations (Addabbo et al., 2020).

In summary, physiological measures are increasingly being

used to assess emotions in developmental populations due to their

increased sensitivity to subtle changes in degree of emotional

response and their efficiency and objectivity. However, among the

reviewed methods, only facial EMG captures emotional valence,

which is often of interest in developmental studies on the

motivational mechanisms underlying behavior. Yet, facial EMG

has other disadvantages such as being somewhat invasive due to

the application of electrodes. We now turn to the use of body

posture as ameasure of emotion in adulthood and as a physiological

measure of emotional valence in developmental studies, and one

that addresses some of the disadvantages of the measures described

thus far.

Body posture as a measure of emotion in
early childhood

In the adult emotion literature, like in developmental studies,

there has been a predominant focus on the role of facial movements

when studying emotional expression, especially based on FACS

(Du et al., 2014; Ekman et al., 1978). Nevertheless, dating back to

Darwin’s The expression of emotions in man and animals (Darwin,

1872/2009), scholars have recognized that bodily expressions play

a key role in conveying emotional experience. Emotions such

as shame, pride, anger, fear, happiness, sadness, and disgust can

be reliably recognized by adults based on body postures, even

in the absence of facial information (Atkinson et al., 2004; de

Gelder and Van den Stock, 2011; Tracy et al., 2009; Witkower and

Tracy, 2019). Even young children from age 3 years onwards can

recognize sadness based on people’s postures, and the recognition

of anger and fear from posture increases between ages 4 to 8

(Witkower et al., 2021b). There is also some evidence of universality

in the recognition of basic emotions from body postures, based

on the finding that members of a small-scale traditional society

were able to recognize fear, anger, sadness, and neutral emotions

from postures without facial information (Witkower et al., 2021a).

Posture is considered critical to the expression of emotions as it is

visible from a greater distance than facial expressions, and therefore

enables rapid decoding of an emotional expression, allowing

observers to adjust their behavior (Aviezer et al., 2012; de Gelder,

2009;Witkower and Tracy, 2019). Indeed, for some social emotions

such as pride and shame, bodily actions are thought to be more

critical to their expression and recognition than facial expressions

(e.g., Tracy et al., 2009). In addition, for intense emotions, such as

frustration and joy in response to winning or losing at sports, body

postures are usedmore than facial expressions to identify emotional

valence (Aviezer et al., 2012).

Once identified, non-verbal expressions of emotions through

posture have an impact on moral judgment and social behaviors.

For instance, appropriate postural expressions of shame or sadness

after moral wrongdoing have been found to lead to less social

exclusion and higher perceived moral standing of the perpetrator

(Halmesvaara et al., 2020). This suggests that some emotion

displays, including posture-based emotional expressions, function

as “signs of appeasement” (Keltner, 1995). Notably, analogs to

human postural emotional expressions exist in the animal kingdom

in the form of appeasement vs. dominance displays (Darwin,

1872/2009). These points to the evolutionary roots of human

postural emotional expressions (Beall and Tracy, 2020). We note

that while body posture displays may be prototypical for some

emotions, such as shame and pride (Tracy and Matsumoto, 2008),

they also occur for other emotions, such as anger or joy/elation

in adulthood (Wallbott, 1998; Witkower and Tracy, 2019). Taken

together, this research illustrates that body postures provide a

key window into the experience of a wide range of emotions in
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adulthood, and that body posture cues are also used in meaningful

ways to identify emotional valence by observers.

Among children, there have been a small number of studies

focusing on the expression of shame, pride, and guilt, in which

bodily cues of emotion were considered (Kochanska et al.,

2002; Lewis et al., 1992; Stipek et al., 1992). In these studies,

children who expressed a lowered, hunched, or bent upper body

posture were considered to express shame or guilt. On the other

hand, an elevation of upper body posture is thought to reflect

nascent pride in young children (Lewis et al., 1992; Stipek et al.,

1992). Importantly, this prior work relied on coders’ subjective

interpretation of observed body posture.

More recent work, however, has begun to use depth sensor

imaging to automatically capture dynamically expressed changes in

posture as an index of emotional valence in childhood (Gerdemann

et al., 2022a; Hepach et al., 2023, 2017; Waddington et al., 2022).

In these studies, the elevation in children’s upper body posture

was measured after emotion-eliciting events, such as after children

failed or succeeded in helping someone (see Table 1). After children

completed the required action, their body posture was measured in

the moment by depth sensor imaging. These studies focused on the

upper body posture (i.e., the change in chest height and the change

in chest expansion) because this is thought to be most affected

by changes in emotion valence, with negative emotions (such as

shame, sadness, or disappointment) slumping the upper body and

positive emotions (such as pride or elated joy) elevating the upper

body (Lewis et al., 1992; Stipek et al., 1992; Tracy and Matsumoto,

2008; Wallbott, 1998; Witkower and Tracy, 2019).

This recent work has found that positive actions such as

successfully helping someone elevate children’s upper body posture

(Hepach et al., 2023, 2017; Sivertsen et al., 2024), especially when

doing so involves a cost, such as having to abandon a game to

provide the help (Sivertsen et al., 2024). Similarly, seeing deserving

help elevates children’s body posture, especially when children are

being observed (Gerdemann et al., 2022a; Hepach and Tomasello,

2020). On the other hand, failing to help lowers children’s upper

body posture (Gerdemann et al., 2022c). Moreover, advantageous

unfairness, such as receiving 4 of a resource while a peer receives

1 resource, elevates children’s upper body posture during the pre-

school years (until around 5.5 years of age), but lowers children’s

posture at older ages (from around 8.5 years onward) in social

contexts (Gerdemann et al., 2022b). Children’s posture is also

differentially affected by whether requests they make are justified

(i.e., when they have to ask for a sticker from another person who

needs it more), with 3-year-olds showing a lowered posture after

making unjustified requests (e.g., when they have to ask for a sticker

from another person who needs it more; Waddington et al., 2022).

In summary, body posture as measured by depth sensor

imaging has already been employed in a number of different

study paradigms with children between 2 and 10 years of

age (see also Outters et al., 2023). In contrast to paradigms

using other physiological measures, such as skin conductance or

facial electromyography, which require the application of sensors,

measures of changes in body posture as recorded by the Kinect

in developmental studies do not require the use of any sensors or

markers. The estimation of 20 body posture points is accomplished

via an edge detection algorithm based on depth images. This can

be an advantage especially when studying both neurotypical and

neurodivergent younger developmental populations who might

become fussy during the application of sensors or markers (Van

Schaik and Dominici, 2020). Moreover, children can remain

naive to the recording of their posture. This may allow for

more spontaneous expressions, which are less influenced by the

experimental situation. This approach also contrasts with marker-

based motion tracking systems. Although these can capture shifts

in body position with more precision, they come with the caveat

of requiring the application of markers or sensors. Moreover,

commercially available marker-based motion tracking systems are

often significantly more expensive to acquire than markerless

options (Van Schaik and Dominici, 2020).

A further advantage of markerless motion tracking of posture

over other physiological measures is that children can be mobile

and walk through the room while their posture is recorded.

Notably, this is also possible, for instance, with wearable devices

to measure electrodermal activity (Thammasan et al., 2020), and

facial electromyography (Sato et al., 2021). However, the use of

wearable technologies for these methods is not quite as widespread

yet, perhaps, in part, because the processing algorithms and artifact

detection has not yet been well validated. One interesting avenue

for future research would be to combine the use of wearable devices

to measure electrodermal activity or facial electromyography with

measures of body posture to cross-validate these measures and

explore their individual strengths.

Several past investigations have suggested an association

between emotional valence and changes in body posture as

measured by the Kinect. First, when adults are asked to pose

emotions such as pride, shame, joy, and disappointment, their

body posture, as measured by motion depth sensor imaging,

changed according to the valence of the emotion, i.e., it was

more elevated for the more positive emotions than the negative

ones (Hepach et al., 2015; von Suchodoletz and Hepach, 2021).

Moreover, studies with children have foundmodest or descriptively

positive associations between changes in body posture (as captured

by the Kinect) and expressed emotional valence (as rated by human

coders). For instance, in Hepach et al. (2017), the pattern of

changes in children’s upper body posture paralleled the pattern of

the number of smiles children showed. Furthermore, Gerdemann

et al. (2022c) found a small positive association between changes

in children’s upper body posture and their rated happiness on a 5-

point scale. Similarly, Hepach and Tomasello (2020) found positive

associations between changes in children’s upper body posture and

their rated happiness as well as their relative number of smiles,

although these associations did not reach statistical significance.

In addition, in Gerdemann et al. (2022c), higher ratings of shame,

sadness, and anger were negatively (though non-significantly)

correlated with children’s upper body posture (see Table 1 for an

overview). Finally, in Gerdemann et al. (2022b), children’s self-

reported emotional valence (feeling “good,” “a little bit good,” “a

little bit bad,” and “bad”) showed the same pattern as children’s

change in body posture.

Thus, some of these prior studies indicate that changes in body

posture reflect emotional valence (see also Aviezer et al., 2012),

but several of the prior null results may be due to relatively small

sample sizes and a lack of statistical power to detect small effects
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TABLE 1 An overview of the studies from which data was drawn for the present validation study.

Study Description (action
preceding the body
posture measurement)

N Age distribution Testing location
and year

Emotion coding Result OSF-Link

1a (Gerdemann

et al., 2022c)

Children attempt but fail to help or

complete their own goal while they

are being observed or not.

68 5- to 6-year-olds (M = 5.59,

SD= 0.35,

Range= 5.01–6.17; 34 girls)

Kindergarten, 2018 Emotion valence coding from

−4 significantly negative to

+4 significantly positive

The emotion coding pattern

mirrored the results for the

change in children’s chest

expansion.

https://osf.io/uvtch/

1b

(Gerdemann et al.,

2022c)

93 N = 48 4-year-olds (M = 4.6,

SD= 0.27,

Range= 4.01–5; 21 girls)

N = 45 5-year-olds

(M = 5.41, SD= 0.29,

Range= 5.01–5.9; 25 girls)

Kindergarten, 2019 The presence of four discrete

emotions (shame, sadness,

anger, and happiness) was

coded on a scale from

1= “does not show this

emotion at all” to 5= “shows

this emotion a lot.”

Correlations of the discrete

emotion coding with the

change in children’s chest

expansion were as follows:

Spearman’s rhoshame =−0.15,

p= 0.14

rho sadness =−0.09, p= 0.39

rho anger =−0.25, p= 0.07

rho happiness = 0.25, p= 0.01

https://osf.io/uvtch/

2a

(Hepach and

Tomasello, 2020)

Children participate in dyads of

more needy and less needy peers.

Before the test trial, only one child

receives help from an

experimenter. In Study 2b, the less

needy peer can additionally be

observed or not while her body

posture is recorded.

60 4-year-olds (M = 4.24,

SD= 0.14, Range= 4.01– 4.5;

27 girls)

Kindergarten, 2016 The relative number of frames

on which children smiled was

coded, as well as children’s

emotion valence from−1

(unhappy), 0 (neutral), 1 (a

little happy), 2 (happy), 3

(very happy), and 4 (super

happy) (following Aknin

et al., 2012, 2015)

There was no relation

between children’s change in

upper-body posture (chest

height) and the relative

number of frames on which

children smiled, Spearman’s

rho= 0.23, p= 0.19, or the

absolute rating of valence,

Spearman’s rho= 0.13,

p= 0.45.

https://osf.io/m4vk7/

2b (Gerdemann

et al., 2022a)

122 5- to 6-year-olds (M = 5.71,

SD= 0.24,

Range= 5.33–6.15; 50 girls)

Kindergarten, 2019 none https://osf.io/evnum/

3a

(Hepach et al.,

2023)

Children help someone themselves

or watch someone else provide

help to a third party.

64 N = 32 2-year-olds

(M = 2.48, SD= 0.04,

Range= 2.41–2.54; 16 girls)

N = 32 5-year-olds (M = 5.4,

SD= 0.04, Range= 5.35–5.5;

17 girls)

Laboratory, 2017 none https://osf.io/7gfkx/

3b

(Hepach et al.,

2023)

Children help someone or

complete their own goal while they

are either observed or not.

59 5-year-olds (M = 5.41,

SD= 0.04, Range= 5.34 –

5.5; 30 girls)

Laboratory, 2018 none https://osf.io/7gfkx/
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within a single study. Moreover, there may have been a lack of

variability in the emotional responses of young children within

a single study, because some studies tended to focus exclusively

on negative or positive emotional events. This may render the

association between changes in body posture and emotional valence

difficult to measure in a single study. In the present study, therefore,

we present a comprehensive validation study to assess the relation

between changes in upper body posture and emotional valence.

Additionally, except for Gerdemann et al. (2022c), prior studies

focused on emotional valence, self-reported emotional states, or the

number of smiles children showed. Yet, emotions can be mapped

along the dimensions of both valence and arousal (Posner et al.,

2005), and several physiological measures reflect emotional arousal,

such as pupil dilation (Sirois and Brisson, 2014). Therefore, in

the present study, we included a measure of emotional arousal

alongside valence.

Finally, to date, only one prior study (Gerdemann et al., 2022c)

examined differences in children’s expressed posture changes across

discrete emotions (i.e., shame, anger, sadness, or happiness). In the

developmental literature, the emotions of shame, pride, and guilt

have been most strongly associated with changes in posture (Stipek

et al., 1992; Tracy andMatsumoto, 2008). However, other emotions,

such as joy, anger, and sadness have also been associated with

changes in posture—though their expression has been explored

to a lesser extent in developmental research. Thus, the present

study also explored which discrete emotions children showed, with

the goal of descriptively examining whether discrete emotions in

children can be mapped using body posture.

The current study

In this study, we aimed to validate automatically recorded body

posture points as measures of children’s emotional valence. We

focused on three different posture measures (see Figure 1):

1. The change in chest height (the change in the y-value of the chest

center data point).

2. The change in hip height (the change in the y-value of the hip

center data point).

3. The change in chest expansion (the change in chest height minus

the change in hip height).

Our central research question was whether automatically

measured changes in upper body posture (chest height and chest

expansion) are related to coders’ ratings of emotional valence.

We hypothesized that if there is a systematic relation between

measures of children’s upper body posture and emotion valence,

then increases in chest height and chest expansion should be

positively related to ratings of children’s emotion valence. We note

that the change in chest height and chest expansion may represent

similar measures, though the change in chest expansion focuses

more on changes only in the upper body posture, whereas the

change in chest height focuses on the change in upper body and

lower body posture combined.

We also examined associations between changes in children’s

body posture and emotional arousal. This is the first study, to

our knowledge, to examine the relation between emotional arousal

and body posture measures as recorded by the Kinect. We also

examined which discrete emotions children showed with the goal

of descriptively examining whether and which emotions can be

mapped using body posture as a method in developmental studies.

Finally, we asked coders to select which emotion cue stood out to

them when they selected a discrete emotion.

Method

This study was pre-registered at aspredicted.org (https://

aspredicted.org/blind.php?x=W2S_1HM) and the data and code

required to reproduce the analyses are provided on the Open

Science Framework: https://osf.io/z6pwu/. All separate studies

received ethical approval from the authors’ institutions.

Participants and power analysis

The final participant sample for the present study included

N = 466 children (Mage = 5.08, SDage = 0.89; age range: range:

2 years, 5 months to 6 years, 2 months; 220 girls). This sample

size is smaller than the one we preregistered by n = 2. Two

children did not contribute any usable data after all pre-processing

routines to extract body posture data had been applied. Children

were drawn from six different studies conducted in our laboratory

or pre-schools between 2016 and 2019 (see Table 1). Whether a

child provided usable data was determined by a pre-processing

algorithm available on the last author’s github site (https://github.

com/rhepach/Kinect), as well the individual OSF-resources of the

original studies (see Table 1). Parents gave informed consent for

their child’s participation in each of the studies, which were

conducted in a mid-sized city in Germany. Children participated

in the studies either individually or in dyads.

We computed the implied power to detect the effects of interest

using a simulation-based approach (∼1,000 iterations per sample

size interval) in R (Version 1.3.1093, R Core Team, 2021). Based on

prior work (see Table 1), we estimated a small positive correlation

(Pearson’s r = 0.15) between coders’ average rating of valence and

the change in children’s upper body posture. We further estimated

a negligible positive correlation (Pearson’s r = 0.05) of emotional

arousal and the change in children’s upper body posture. This

estimate was not based on prior work, as the present study was

the first to examine this association empirically. Simulations of the

preregistered linear models revealed an average power between 1 –

β = 0.85 – 0.91 to detect the effects of interest (an effect of valence)

with our final sample size of N = 466 (the code for the simulation

is also available via the OSF repository).

Overview of the studies

Inclusion criteria in this validation study were that the study

was completed between 2016 and 2019 and focused on measuring

body posture as the main dependent variable of interest. Body

posture studies from 2020 or later were not included because we

gathered the data from these studies and began our analysis in 2021,

and no additional studies had been completed in 2020. The six

studies included a range of different experimental manipulations,
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FIGURE 1

An illustration of the images provided by the Kinect. (A) Depth image with tracked skeletal points. (B) Color image with the skeletal data mapped onto

it. (C) Color images of the child walking toward the Kinect. The chest and hip center data points are marked in yellow on (A). This image is taken from

the dataset of Gerdemann et al. (2022a).

with which the studies aimed to elicit both positive emotions (e.g.,

in response to successfully helping) and negative emotions (e.g., in

response to failing to help; Table 1). In each of the studies, children

were engaged in an activity with one or more experimenters or with

a peer and an experimenter. The studies all had a similar structure:

they included a baseline or neutral phase during which children’s

body posture was recorded at the beginning of the study, and a

test phase during which children’s body posture was recorded after

one or more experimental manipulation(s). In addition, the studies

covered a broad age range of children between 2 and 6 years.

Body posture recording, pre-processing,
and measures

For each study, Kinect recordings were created, which provided

color images, RGB depth-images, and the x-, y-, and z-coordinates

of 20 posture points (see Figure 1). The recording and processing

routines were automated using scripts written in MATLAB. The

entire associated recording and processing code is available via the

last author’s Github site (https://github.com/rhepach/Kinect). The

raw x, y, and z coordinates for each trial were further processed

using a script run in R (R Core Team, 2021). In R, several

predefined filters were applied to ensure high data quality. Data

were removed, for instance, if no skeleton could clearly be mapped.

This often was the result of children moving fast, or if children were

crouching or jumping. The processed data comprised body posture

data along 20 increments of children’s distance from the Kinect

camera. The script then calculated the difference in several posture

points (the chest height and hip height) between the baseline

phase and the measurement taken during the test phase after

the experimental manipulation, resulting in a baseline-corrected

change score that indicated the change in body posture. In each

study, themain analyses included increments of distance withmore

than 90% of the median number of data points.

Although multiple test trials were recorded for most studies, we

focused predominantly on the change in children’s body posture

on the first test trial for the present validation study. If children

did not provide valid body posture data on the first test trial, the

next available test trial was selected. Overall, we included 442 data

points from the first test trial, 20 from the second test trial and 4

from the third test trial of the respective study. Those participants

who were included with data from the second or third test trial were

drawn from studies 3a or 3b (see Table 1), which included several

experimental manipulations. We chose this approach as it ensured

greater comparability across studies since not all studies recorded

body posture data on multiple test trials. We also averaged the

posture points across all increments of distance for the analysis. In

summary, for the present study, each child provided body posture

data from one test trial for each of the measures: change in chest

height, change in chest expansion, and change in hip height.

Coding

We trained two research assistants to independently code

children’s emotional valence and arousal, as well as to identify

which discrete emotion children expressed based on the same video

recordings that were used to automatically extract children’s body

posture data. The coders were unaware of the study hypotheses

but were given basic information about each of the studies to

understand the actions visible in the videos. Coders were provided
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with video stills or video recordings (without audio) that showed

children walking toward the Kinect camera during the test phase

(see Figure 1C, with the child’s face visible). Both the video stills

and recordings were taken using the Kinect camera, however, the

video stills made it slightly easier for coders to view the recording,

so we opted to use those whenever available. Some studies did not

produce video stills, only video recordings. Before beginning the

full coding, coders were trained on a separate training data set

of N = 21 videos. We ensured that coders reached satisfactory

agreement with each other (ICCs≥ 0.4) on the central measures of

emotional valence and arousal before proceeding to complete the

full coding.

For each of the studies included in the final study as

well as for the training data set, coders were provided with a

neutral description of the action children completed immediately

preceding the recording of their body posture during the test

phase (e.g., picking an object up or dropping an object off; see

Supplementary Table S1). To prevent order effects, coders were

instructed to rate blocks of one-eighth of a study’s sample at a time.

We provided coders with a pre-defined pseudo-random order in

which to code each of the blocks. Moreover, the appearance of each

child’s ID within a study was randomized for each coder.

Emotional valence and arousal
To code children’s emotional valence and arousal, coders were

provided with self-assessment manikins (Bradley and Lang, 1994).

To rate children’s emotional valence, coders were presented with

five different manikins expressing emotions of different valences

(see Supplementary Figure S1) and the following descriptions: “The

person on the far left feels very negative; the person right of the center

feels slightly negative; the person in the center feels neutral, neither

negative nor positive; the person right of center feels slightly positive;

the person on the far right feels very positive.” Coders were asked

to use the manikins to rate the valence of children’s emotional

expression on a scale from 1 to 5. Interrater agreement was as

follows: ICCvalence = 0.7 (r = 0.62). For the analyses, the ratings

of children’s emotional valence were averaged across both coders.

To rate children’s emotional arousal, coders were shown five

different manikins indicating people at different levels of arousal

and an accompanying description which read as follows: “The

person on the left feels very calm; the person left of the center

feels slightly calm; the person in the center feels a little bit aroused

and a little bit calm; the person right of the center feels slightly

aroused; the person on the far right feels very aroused” (see

Supplementary Figure S2). Coders were then asked to use the

manikins to indicate how aroused the child is feeling on a scale

from 1 to 5. Interrater agreement was as follows: ICCarousal = 0.57

(r = 0.43). For the analyses, the two coders’ ratings of children’s

emotional arousal were averaged.

Discrete emotions and emotion cues
In addition, the coders identified a discrete emotion for

each child. To do so, coders were given the option to

indicate whether children expressed one of the following 10

emotions: elated joy, shame, happiness, anger, contentment, guilt,

sadness, pride, disappointment, or awe. Coders were provided

with a list of emotion cues for each of the emotions (see

Supplementary Table S2), however, they were told that for the

emotion label to apply, not all emotion cues needed to be present.

They were asked to select one of the available discrete emotions,

even if children did not express all emotion features associated

with it (i.e., they were asked to form a global judgment). No other

emotion labels were provided, but coders were given the option to

indicate that the child expressed a different emotion than the ones

on the list or no apparent emotion. Finally, coders selected one

emotion cue that stood out to them. This was done primarily as an

attention check to make sure coders were attending to the images

presented to them and to explore which types of cues coders were

using in their judgement.

The selection of the 10 discrete emotions for the list of emotions

was in part the result of the research questions for the individual

studies. In Studies 1a and 1b, the aim was to explore whether and

when children express a shame- or guilt-like emotion after failing

to help others (Gerdemann et al., 2022c). In Studies 2a and 2b, the

goal was to explore children’s expression of positive emotions (such

as elated joy, awe, contentment, or happiness) after seeing a needier

peer receive help (Gerdemann et al., 2022a; Hepach and Tomasello,

2020). Finally, in Studies 3a and 3b, children may have expressed

emotions such as pride, elated joy, or happiness after successfully

helping others (Hepach et al., 2023). In addition, we decided to

code the expression of anger, sadness, and disappointment, because

some of the experimental manipulationsmay have also caused these

emotions, and to offer a broader range of negative emotions. Our

goal was to include emotions that are similar in valence but are

thought to differ in emotional arousal (such as anger and sadness

or elated joy and contentment; Hepach et al., 2011).

Statistical analyses

Our analytic approach was pre-registered (https://aspredicted.

org/blind.php?x=W2S_1HM). To examine our central research

question regarding the relation between changes in children’s body

posture (as recorded automatically by the Kinect), and children’s

emotional valence and arousal (as assessed by human coders),

we built a series of multiple linear regression models in R (R

Core Team, 2021). In summary, we ran two linear models for

each of three dependent measures. Our main prediction, in line

with previous research, was that there would be an association

between children’s change in upper body posture (i.e., the change

in chest height and the change in children’s chest expansion) and

emotional valence. We had no clear expectation regarding the

relation between children’s upper body posture and emotional

arousal. Moreover, we did not expect a strong association of

children’s change in hip height with emotional valence or arousal.

The models included the control predictors gender and age

(z-transformed). As effect sizes, we report adjusted R2 of the

models, as well as the correlation coefficient Pearson’s r. We

base our interpretations on the former but include the latter for

comparability to previous studies.

Additionally, we planned to conduct exploratory analyses on

the discrete emotions encompassing information on both the

valence and arousal, as well as the changes in posture for each

Frontiers inDevelopmental Psychology 08 frontiersin.org

https://doi.org/10.3389/fdpys.2025.1536440
https://aspredicted.org/blind.php?x=W2S_1HM
https://aspredicted.org/blind.php?x=W2S_1HM
https://www.frontiersin.org/journals/developmental-psychology
https://www.frontiersin.org


Gerdemann et al. 10.3389/fdpys.2025.1536440

emotion. Our analysis of the discrete emotion labels provided by

coders focused on plotting the data and examining descriptive

statistics. First, the emotions were distributed in a grid of valence

and arousal (Posner et al., 2005). Then we plotted the emotions

from most negative to most positive change in chest height and

chest expansion (averaged). Finally, we examined which emotion

cues coders selected when asked to pick one that stood out to them.

Results

Change in chest height

For the analysis of children’s change in chest height, we first

found a combined overall effect of including our variables of

interest, arousal and valence in the model, compared to including

only gender and age, F(2) = 3.04, p = 0.049. In our pre-registered

analysis, for children’s change in chest height, as predicted, there

was a statistically significant effect of valence, β = 0.42, SE = 0.19,

95% CI [0.05, 0.79], t(461) = 2.22, p = 0.03, adjusted R2 = 0.01

(Figure 2). The more positive children’s emotion was rated, the

more elevated was their chest height compared to baseline. The

correlation between emotional valence and the change in chest

height was as follows: Pearson’s r= 0.07. In contrast, we did not find

an effect of arousal on the change in children’s chest height, though

this relation revealed a statistical trend, β = −0.37, SE = 0.2, 95%

CI [−0.76, 0.02], t(461) = −1.88, p = 0.06, Pearson’s r = −0.06

(Figure 3). Interestingly, the effect for emotional arousal was in the

opposite direction as the effect for valence: children with a more

elevated chest height showed somewhat lower emotional arousal.

There was no interaction between arousal and valence, β = 0.13, SE

= 0.21, 95% CI [−0.29, 0.54], t(460) = 0.6, p = 0.55, nor were there

significant effects of gender, β = 0.15, SE = 0.15, 95% CI [−0.15,

0.45], t(461) = 1.03, p = 0.31, or age, β =-0.18, SE = 0.15, 95% CI

[−1.22, 0.22], t(461) =−1.22, p= 0.12.

Change in chest expansion

In the model with children’s change in chest expansion as a

dependent variable, there was an overall influence of the predictors

arousal and valence, as removing these factors resulted in a

reduction in model fit, compared to a model which included only

gender and age, F(2) = 6.17, p = 0.002. In the pre-registered

analysis, children’s change in chest expansion showed a positive

relation to their emotional valence, β = 0.58, SE = 0.18, 95%

CI [0.22, 0.94], t(461) = 3.18, p = 0.002, adjusted R2 = 0.03,

Pearson’s r = 0.11 (Figure 2). The more expanded children’s chest

as measured by the Kinect, the more positive children’s emotion

valence was rated.

The effect of arousal was also significant though in the opposite

direction as the effect of valence, β = −0.5, SE = 0.19, 95% CI

−0.88, −0.13], t(461) = −2.64, p = 0.01, Pearson’s r = −0.08.

Children with high arousal showed a clear reduction in their chest

expansion (see Figure 3). There was an additional effect of age on

children’s change in chest expansion, β = −0.34, SE = 0.15, 95%

CI [−0.62,−0.05], t(461) =−2.31, p= 0.02. Overall, older children

showed a greater reduction in chest expansion. The interaction

of arousal and valence was not significant in predicting children’s

change in chest expansion, β = −0.21, SE = 0.2, 95% CI [−0.6,

0.19], t(460) = −1.02, p = 0.31. Moreover, there was no effect of

gender on children’s change in chest expansion, β = 0.03, SE= 0.15,

95% CI [−0.26, 0.31], t(461) = 0.18, p= 0.86.

Change in hip height

For children’s change in hip height, there was no effect of

including the predictors arousal and valence into the model

compared to a model which included only gender and age,

F(2) = 0.36, p= 0.7. In the pre-registered analysis, children’s change

in hip height showed no clear relation to their emotional valence,

β = −0.16, SE = 0.2, 95% CI [−0.55, 0.23], t(461) = −0.78,

p= 0.44, adjusted R2 =−0.003, Pearson’s r =−0.03 (see Figure 2),

or arousal, β = 0.13, SE= 0.21, 95% CI [−0.28, 0.54], t(461) = 0.61,

p = 0.54, Pearson’s r = 0.02 (Figure 3). The interaction of arousal

and valence was not significant in predicting children’s change in

hip height, β = 0.33, SE= 0.23, 95% CI [−0.12, 0.78], t(460) = 1.47,

p = 0.14. There were also no significant effect of gender, β = 0.13,

SE = 0.16, 95% CI [−0.18, 0.44], t(461) = 0.8, p = 0.43, or age on

children’s change in hip height, β = 0.15, SE= 0.16, 95%CI [−0.16,

0.46], t(461) = 0.94, p= 0.35.

Discrete emotion labels

The emotion of anger was rated to be the negative emotion

with the highest arousal (arousal = 3.78, valence = 2.75, n = 20),

while sadness was rated as the lowest arousal negative emotion

(arousal = 2.88, valence = 2.39, n = 84). Elated joy was the

highest arousal positive emotion (arousal = 4.52, valence = 4.43,

n = 119) and contentment the lowest arousal positive emotion

(arousal = 3.08, valence = 3.15, n = 220; see Figure 4). This

suggests that coders were using the labels in a way that aligns with

the placement of these emotion labels in the circumplex model

(Posner et al., 2005; Tseng et al., 2014).

In a plot in which we show each emotion label according to

their average change in children’s chest height and chest expansion,

we found the greatest decreases in upper body posture (chest

height and chest expansion, averaged) for children who received

the emotion labels anger, shame, disappointment, and sadness

(see Figure 5A). On the other hand, the positive emotions awe,

elated joy, and pride were associated with the most elevated upper

body posture. In between the negative and positive emotions

were contentment, happiness, no apparent emotion, and guilt (see

Figures 5A, B).

Supplementary Table S3 provides an overview of which

emotion cues coders relied on to identify each emotion. Notably,

coders predominantly relied on facial expressions to identify

different emotions. However, some postural cues were also

named for elated joy (dynamic movements was named 53.78

% of the time) and pride (elevated or expanded upper body

posture was named 72.73% of the time). This suggests that

coders were, in part, using body posture cues to identify

discrete emotions.
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FIGURE 2

The relation between emotional valence and the change in children’s chest height, chest expansion, and hip height. This figure was created with the

package ggplot2 and the function stat_smooth (method = lm). Points represent data for individual children. Note that the measurement for the

change in chest expansion is taken di�erently than for the change in chest height and hip height. On each panel we indicate the model estimate for

emotional valence, associated 95% Confidence Interval, adjusted R2 of the model, and Pearson’s correlation coe�cient r.

FIGURE 3

The relation between emotional arousal and the change in children’s chest height, chest expansion, and hip height. This figure was created with the

package ggplot2 and the function stat_smooth (method = lm). Points represent data for individual children. Note that the measurement for the

change in chest expansion is taken di�erently than for the change in chest height and hip height. On each panel we indicate the model estimate for

emotional arousal, associated 95% Confidence Interval, adjusted R2 of the model, and Pearson’s correlation coe�cient r.

Discussion

Measuring emotional valence reliably is critical to

understanding how children’s cognition and motivation

develop. In this preregistered validation study, we show that

changes in upper body posture, as measured by an automatic

depth sensor imaging technology, provide a reliable measure

of emotional expression, and thereby can provide a window

into the underlying mechanisms of young children’s behavior

and development. Critically, this method goes beyond forced

choice or open-ended methods such as verbal interviews and

can offer more objective insights into subtle differences in

children’s emotional responses. In addition, it complements

other physiological methods such as pupillometry, galvanic

skin conductance, and facial electromyography, and offers an

advantage over these methods because it provides a direct measure
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FIGURE 4

An overview of each discrete emotion labels’ average arousal and

valence.

of emotional valence and can be used without the application

of sensors.

Our validation study using data from six developmental studies

found, first, that emotional valence is reliably captured by changes

in chest height and chest expansion, a finding that had not

been clearly and robustly demonstrated before and that provides

a crucial foundation for future studies. In addition, this is the

first study to measure children’s emotional arousal and relate

this measure to the change in children’s upper body posture.

Here, we found that a reduction in chest expansion is related

to an increase in emotional arousal. Finally, the exploratory

assessment of different emotion labels provided by coders suggests

that diverse emotions can be mapped by changes in upper body

posture, aligning with the adult emotion literature (Wallbott, 1998;

Witkower and Tracy, 2019). Finally, a list of different emotion

cues that stood out to coders showed that coders relied on both

facial expressions and body posture to identify each emotion (see

Supplementary Table S3).

Our central finding was that emotional valence as rated by

human coders was related to measures of upper body posture. This

is how the change in upper body posture has predominantly been

operationalized in previous studies (Gerdemann et al., 2022a,b;

Hepach et al., 2017; Waddington et al., 2022). Notably, in past

validation studies, adults have been asked to pose emotional

expressions, supporting the notion that emotional expressions are

reflected in subtle changes in upper body posture (Hepach et al.,

2015; von Suchodoletz and Hepach, 2021). Similarly, in a study by

Försterling et al. (2024), children were asked to pose the emotions

of shame, sadness, joy, and pride after telling a story in which

they felt each of these emotions. In this study, children’s posture

varied according to the valence of the emotions, i.e., between

the shame and sadness inductions (combined) and the joy and

pride inductions (combined). Importantly, however, here we used

children’s spontaneous emotional responses in naturalistic studies.

Thus, children’s emotions are expressed in changes in body posture

even when children are not explicitly instructed to pose any

emotion. Moreover, in a prior study by Gerdemann et al. (2022b),

children’s self-reported emotion on a 4-point scale paralleled their

change in upper body posture. However, in our study, coders were

able to identify these emotional responses from video recordings,

without a verbal report from children. In line with prior findings,

the present study provides clear evidence that emotional valence

specificallymaps onto spontaneously expressed non-verbal changes

in children’s upper body posture.

Even though the relation between emotional valence and the

change in chest height, as well as chest expansion, align with

our preregistered prediction, it is worth noting that each of the

models only explained a low amount of variance, namely 1% for the

change in chest height, and 3% for the change in chest expansion.

There may be multiple reasons for this, perhaps including that

factors other than emotions affect posture, such as fatigue. Yet

this result may also be due to methodological decisions we made

for the present study. For instance, the body posture measures

were change scores from baseline. On the other hand, we chose

to only code children’s emotional expression during the test trials,

thus the emotional valence and arousal values represent absolute

ratings of children’s emotional response after the experimental

manipulations. Whenmaking this decision, we were aware that our

valence and arousal measures may lack some sensitivity to parallel

the subtle changes in emotional expression captured by our body

posture measures. We chose this approach because we expected

that requiring coders to rate many “neutral” emotional expressions

would lead to undifferentiated or guessed responses. However, we

acknowledge that our coded measures may be unable to capture

some of the variance of the body posture measures for this reason.

Notably, in the current work, coders were asked to rate to

children’s overall affective valence as expressed through their

body posture and facial expressions. Thus, it remains an open

question whether body posture would also be related to, for

instance, objective measures of facial movements alone, such as

those obtained from facial electromyography. Thus, far studies have

found positive relations between changes in body posture and the

number of smiles children showed (Hepach et al., 2017). However,

the relation between changes in posture and measures of facial

electromyography has not been examined yet.

Interestingly, children’s chest expansion tended to decrease

with greater emotional arousal. We note that the sample was

not entirely balanced regarding the emotional intensity of the

events preceding the body posture measurement. Thus, some

of the preceding events (e.g., failing to help; Gerdemann et al.,

2022c) might have caused high-arousal negative emotions (similar

to anger, shame, and disappointment). In contrast, the positive

emotions resulting from, for instance, successfully helping (Hepach

et al., 2023) or seeing others receive help (Gerdemann et al., 2022a;

Hepach and Tomasello, 2020) might not have caused an equally

high-arousal positive emotional response. Hence, we cannot be

certain that our findings regarding emotional arousal will be

replicable in a different sample of children or with other kinds of

tasks. Nevertheless, it remains possible that high arousal emotions
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FIGURE 5

Change in children’s chest height, chest expansion, and hip height according to each discrete emotion and sorted according to the average change in

upper body posture (from most reduced to most elevated change in chest height and chest expansion). Panel (B) is a continuation of Panel (A). Note

that the average body posture for children who were identified as showing a di�erent emotion is not listed because this was only the case 6 times.

in general are expressed through a slump in children’s upper body

posture. In this case, through measuring body posture we may also

be able to differentiate between events of higher or lower intensity.

However, further studies are needed to corroborate this finding of

the present study.

The slight imbalance across individual studies in the types of

activities children completed prior to the measurement of their

posture may, moreover, explain the effect of age on children’s

change in chest expansion. Older children showed a greater

reduction in chest expansion, on average. Yet somewhat older

children participated in some of the studies with negative mood

inductions, such as the failure to help (see Table 1). In contrast,

studies with successful, positive outcomes, such as providing help

or watching someone receive help, included younger children- even

as young as 2-year-olds (Hepach et al., 2023).

Regarding the discrete emotions identified by coders, our

descriptive results suggest that these align with the pattern we

observed for the relation between emotional valence and the change
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in children’s upper body posture. The children whose emotion was

labeled with anger, shame, disappointment, and sadness showed

the greatest decrease in upper body posture. On the other hand,

children who received the emotion labels awe, elated joy, and

pride showed the greatest elevation in upper body posture. While

these data are descriptive in nature, they nevertheless provide

important insights into emotional expressions in young children.

Traditionally, only the emotions of pride and shame have been

associated with changes in upper body posture in young children

(Kochanska et al., 2002; Lewis et al., 1992; Stipek et al., 1992;

Tracy and Matsumoto, 2008). Yet in the adult emotion literature,

a broader set of emotions is thought to be conveyed via postural

expression (Witkower et al., 2021a; Witkower and Tracy, 2019).

Our findings suggest that like adults, young children also express

a variety of emotions via their upper body posture, suggesting that

body posture most clearly reflects emotion valence rather than

specific discrete emotions.

Notably, several of the discrete emotions showed intermediate

body posture changes. This included no apparent emotion and

contentment, but also happiness and guilt. Indeed, guilt showed

a greater increase in upper body posture than happiness and

contentment and was rated as more positive in emotional

valence than shame and sadness. This might be, in part,

explained by the inclusion of the cues “guilty smile” and

“blushing” in the descriptions of guilt provided to the coders

(see Supplementary Table S2). Notably, these cues also overlap

with those for embarrassment (Keltner, 1995), so it is possible

that coders used the emotion cues provided to identify a more

positive emotion (embarrassment) than guilt is normally thought

to be. Indeed, guilt is sometimes thought to not have a clear

non-verbal emotion display and rather require a set of verbal

and behavioral actions (e.g., making amends; Keltner and Buswell,

1996). Moreover, happiness was not associated with a particularly

elevated upper body posture. Other emotions, such as awe, elated

joy, and pride showed a greater elevation in upper body posture.

This might be because happiness was perceived to be close to a

neutral emotional state compared to the more specific positive

emotions that children expressed.

Notably, our goal in asking coders to provide an emotion label

was primarily to examine if the pattern we observe for valence and

arousal is approximately stable across different emotions. Indeed,

the pattern of results suggested that a wide variety of emotions

differing in valence and arousal can be measured using body

posture. This may be useful, for instance, for newer investigations

examining emotions such as awe in young children (Gerdemann

et al., 2022a; Gibhardt et al., 2024; Hepach and Tomasello, 2020).

These new avenues of research may benefit from novel tools,

such as body posture analysis, to study such complex emotions in

childhood, especially when children cannot provide detailed verbal

accounts of their emotional experience.

More generally, body posture complements currently available

methods in important ways. It is not only useful to study new

emotions but also to enhance existing developmental emotion

research such as on the moral emotions of shame, guilt, and pride

(Kochanska et al., 2002; Lewis et al., 1992; Stipek et al., 1992), or

empathetic concern (Davidov et al., 2020; Hepach, 2017). Crucially,

body posture methods have the advantage that they do not require

extensive coding like other behavior observation methods. Yet,

unlike other physiological methods, such as skin conductance

and facial electromyography, this method does not require the

application of any sensors and is thus non-invasive. Moreover,

the current findings show that unlike pupillometry and galvanic

skin response, body posture changes clearly reflect differences in

emotional valence, not only arousal. As such, body posture is an

invaluable addition to the methodological tools for the study of

early emotional development.

Limitations and future directions

Using body posture as a measure of emotion also comes

with some limitations. First, posture cannot distinguish between

different discrete emotions. Indeed, the body posture changes

for emotions like anger, shame, disappointment, and sadness all

looked quite similar, although we did not conduct a formal analysis

of whether there are statistically significant differences between

them. Though some emotion theories focusing on the one-to-one

mapping of facial expressions to discrete emotions would posit

that such clear correspondences between discrete emotions and

their displays should exist (e.g., Izard and Malatesta, 1987), other

emotion theories posit that information about the context in which

an emotion occurred is essential to interpreting which kind of

emotion is expressed (Barrett, 1993). For instance, smiles may

reflect joy or happiness but could also represent embarrassment in

the context of a mishap (Buss, 1980; Lewis et al., 1989). Similarly,

changes in body posture might be thought to represent different

emotions depending on the antecedents and concomitants of the

emotional expression.

A second limitation is that, in principle, factors other than

emotions can cause body posture changes. For instance, fatigue

might cause children to slump their postures over time during

an experimental study. As with identifying discrete emotions, it

may be critical to consider the context in which a body posture

change was expressed to distinguish fatigue from an emotional

response. Moreover, in experimental studies, it is important to

include control conditions to ensure that body posture changes are

not due to fatigue accumulating over time.

Furthermore, studies focusing on body posture as a dependent

measure thus far have predominantly used live interactive

study paradigms in which children engage with one or more

experimenters and/or peers in a semi-structured social situation

(Gerdemann et al., 2022a,b; Hepach et al., 2017; Hepach and

Tomasello, 2020; Sivertsen et al., 2024; Waddington et al., 2022).

These situations might be especially emotion-eliciting and lead to

stronger changes in body posture, because children are directly

involved in or affected by the emotion-eliciting events (e.g.,

when they help someone solve a task; Hepach et al., 2023,

2017; Sivertsen et al., 2024). On the other hand, studies using

pupillometry could detect children’s emotional arousal when they

were merely observers of interactions. For instance, one study

found that children from 3 years onwards respond with different

emotional arousal (pupil dilation) to moral vs. conventional norm

violations (Yucel et al., 2020). Furthermore, in a study using

facial electromyography infants responded with congruent facial

expressions to happy and angry bodily action kinematics that were
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displayed on videos (Addabbo et al., 2020). These studies used quite

subtle affective stimuli, and future investigations should explore

whether children would express differences in body posture in

response to observing such stimuli as well.

Moreover, within the functionalist emotion framework,

emotions are thought to be non-verbal communicative signals

to observers of an emotional reaction (e.g., Barrett, 1993). For

example, adults displaying shame and sadness non-verbally have

been found to be subject to less harsh moral punishment and social

exclusion following a norm violation (Halmesvaara et al., 2020).

Thus, expressing emotions in certain contexts can lead to adaptive

social consequences. However, it remains an open question how

emotional displays, including the ones expressed through changes

in body posture, are utilized and integrated into social judgments

in childhood.

Finally, one advantage of using body posture to track emotional

expressions in childhood is that it can be seamlessly integrated into

naturalistic experimental situations. Nevertheless, it is important to

acknowledge that posture tracking remains limited to the field of

view of the Kinect depth sensor imaging camera, and it is essential

to arrange the experimental situation in a way that children walk

directly toward the Kinect camera during the baseline and test trials

of their body posture.

Conclusion

In conclusion, changes in upper body posture are associated

with differences in emotional valence in childhood. Changes

in emotional arousal are associated with differences in upper

body posture to a lesser degree, and this association requires

further validation in future studies. Moreover, different

discrete emotions may be characterized by different changes

in upper body posture, suggesting that this method can be

used to study diverse emotions in early childhood. Together,

the present findings point to the value of incorporating and

expanding the use of body posture in the study of children’s

emotional development.
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