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1. Introduction 

The  development of socio-emotional competencies is generally recognised in today’s 

Western educational systems to be important to successful learning, well-being and to 

functioning as part of society. Healthy social development is associated with self-confidence, 

good peer relationships, persistence, good language development, communication skills, 

attention skills (Briggs-Gowan & Carter, 2008; Joseph & Strain, 2003; Malecki & Elliot, 

2002). Conversely, children with early challenges in this developmental domain are at risk for 

a range of later personal, social and academic difficulties. The Finnish elementary educational 

system states as one of its main goals to support the development of the child to become 

“humane members of society” (Finnish board of education, 2014). This naturally requires 

development of prerequisites for adaptive social interaction. 

The current work uses the term social development referring to such aspects of the child’s 

development that relate to social interaction. Social interaction here refers to any verbal and 

non-verbal interaction that takes place between two or more individuals. It both requires and 

is a source of development of a range of motivational, affective, and cognitive processes in 

complex dynamic interplay (Adolphs, 2001; Preckel, Kanske & Singer, 2018). Adaptive 

social interaction enables people to function well as members of a group. Prerequisites for 

adaptive social interaction include the development of theory of mind and the ability to 

understand other people and social situations, social learning (Bandura & Walters, 1963; 

Devine, White, Ensor & Hughes, 2016; Dunn, 2000; Winnicott, 2018), emotion recognition 

(Hari & Kujala, 2009; Izard et al., 2001), self-regulation (Eisenberg & Fabes, 1992), self-

expression and communication (Bar-On, Tranel, Denburg & Bechara, 2004), empathy, 

compassion and morality (Singer & Klimecki, 2014; Tomasello & Vaish, 2013) among other 

aspects.  

The foundations of social interaction are formed in the early pre-verbal communication 

between infant and primary caretaker (Ainsworth, M. D. S, 1978; Bowlby, J., 1979; Freud, 

1938; Feldman 2007; Grossman, 2015; Schore, 2001). Through this early communication and 

interaction with a gradually expanding (social) environment, the child develops processes 

related to the perception, understanding, and implementation of cues that communicate 
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emotional and interpersonal (social) information. The concept of social cognition is 

commonly used to describe these conscious and (to a large extent) unconscious processes 

(Frith, 2008; Fiske & Taylor, 1991). Social cognition thereby involves the perception, 

understanding, and production of linguistic cues, but also of nonverbal cues such as tone of 

voice, facial expression, gaze direction, body posture, movement and gestures, actions and 

touch (Hari & Kujala, 2009). Recent studies have emphasised the body as an important source 

of social information. Several studies have found that adults recognise emotions and social 

interaction based on body motion (review: Witkower & Tracy, 2018). Although infants as 

young as 3–6 months have been found to distinguish between biological and non biological 

motion (Bertenthal, Proffitt & Cutting, 1984; Bertenthal, Proffitt, Spetner & Thomas, 1985; 

Booth, Pinto & Bertenthal, 2002), children’s ability to interpret body motion has received 

little scientific attention (Heck, Chroust, White, Jubran & Bhatt, 2018). 

As the importance of social development in childhood has been acknowledged in education, 

many intervention efforts to increase such competence in classroom settings have been 

developed (Durlak, Weissberg, Dymnicki, Taylor & Schellinger, 2011). Moreover, as 

educational goals and pedagogical strategies evolve and change, educators are required to 

adopt new methods and approaches to teaching. Increased interest has been shown towards 

incorporating art related activities in the school curriculum in many countries in the recent 

years (review: Tervaniemi, Tao & Huotilainen, 2018). Looking at performing arts (and music 

and dance-related movement specifically), some existing research findings indeed indicate 

that both music and movement activities can influence social interaction in adults (Koehne, 

Behrends, Fairhurst & Dziobek, 2016; Kokal, Engel, Kirschner & Keysers, 2011; Resnicow, 

Salovey & Repp, 2004; Valdesolo, Ouyang & De Steno, 2010) and children (Caf, Kroflič & 

Tancig, 1997; Choi et al., 2010; Kirschner & Tomasello, 2010; Lobo & Winsler, 2006; 

Ritblatt, Longstreth, Hokoda, Cannon & Weston, 2013; von Rossberg-Gempton, Dickinson & 

Poole 1999). Recognising that the value of art inevitably extends beyond measurable effects, 

such findings nevertheless welcome further investigation into potential effects of music and 

movement on social development, and reflection on their role in child education. 
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1.2 Social interaction and the body as source of social information 

1.2.1 Foundations of social interaction 

Understanding the origins of and describing human social functioning has long been of 

interest across various fields of research. Darwin (1872) established the scientific study of 

emotions in The Expression of Emotions in Man and Animals, proposing that movements of 

expression in the face and body serve as the first means of communication between the 

mother and her infant. In 1938, Freud described the infants relationship to the mother “unique, 

without parallel, laid down unalterably for a whole lifetime, as the first and strongest love-

object and as the prototype of all later love relations” (p. 188). Influenced by Freud and other 

psychoanalytic scholars/practitioners, Ainsworth and Bolwby jointly formulated attachment 

theory noting the impact of early infant-caretaker interaction on child social development 

(Ainsworth, M. D. S., 1978; Bowlby, J., 1979). Bowlby (1969) described how the early 

emotional communication between mother and infant is internalised in the form of an 

enduring capacity to regulate and thereby generate and maintain states of emotional security 

in later relationships. In this early pre-verbal communication the body plays a central role. 

Touch in early infancy is central to the development of social brain (Brauer, Xiao, Poulain, 

Friederici, & Schirmer, 2016; Saby, Meltzoff & Marshall, 2015; Tuulari et al., 2017) and the 

baby’s ability to map the behaviours of others onto their own bodies is considered to form a 

foundation of empathy (Marshall & Meltzoff, 2015). 

Today, it is generally recognised that capacities laying the base for human social interaction 

and the formation of meaningful relationships are developed in early infancy through the 

reciprocal relationship between infant and mother/primary caretaker. Numerous studies have 

revealed the importance of secure early attachment, while problems in early attachment 

predict a range of problems in different domains later in childhood, adolescence and 

adulthood (Briggs-Gowan et al., 2008; Lam, Rai & Lam, 2019; Schore, 2001; Van der Kolk, 

1987). Synchronisation between parent and child in terms of of mutual gaze, shared attention, 

and arousal has been found to predict later social outcomes such as attachment and empathy 

(Feldman, 2007) and attachment style influences social interaction (Vrtička, Andersson, 

Grandjean, Sander & Vuilleumier, 2008). Recognising the complexity of the processes that 

underlie social interaction, the current study zooms in on one important aspect of such 
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functioning, namely the interpretation of body motion. Noting that the foundations of social 

interaction are formed in the early pre-verbal communication between infant and caretaker, it 

is not surprising that the body remains an important source of social information. 

1.2.2 Social information embedded in body motion 

While much research related to nonverbal social information processing has been conducted 

on gaze following and emotion recognition through facial expression, less attention has been 

given to investigating signalling through and interpreting whole body motion (review: 

Witkower & Tracy, 2018). In the recent decades, however, interest in this area seems to have 

increased. The discovery of the mirror neuron system (Di Pellegrino, Fadiga, Fogassi, Gallese 

& Rizzolatti, 1992) and subsequent extensive research in this area have revealed on a brain 

level how motor and sensory mirroring between individuals is an important part of social 

interaction, and a likely prerequisite of empathy (Hari & Kujala, 2009; Wicker, Keysers, 

Plailly, Royet, Gallese & Rizzolatti, 2003). The mirror neuron system refers to certain cortical 

areas that are activated both when performing a movement and when observing another 

person perform a similar movement (Di Pellegrino, Fadiga, Fogassi, Gallese & Rizzolatti, 

1992). It is involved in both visual and auditory action recognition (Buccino, Binkofski & 

Riggio, 2003), and in understanding the intentions of other people’s actions (Iacoboni et al., 

2005).  

Naturally, the ability to recognise other people’s emotions is an important component of 

adaptive social interaction (Hari & Kujala, 2009; Izard et al., 2001). A number of studies have 

concluded that emotions expressed through the body in different ways are indeed well 

recognised by observers and can be sufficient for emotion recognition (de Gelder, 2006). 

Emotions are recognised from body motion depicted by dancers (Dittrich, Troscianko, Lea & 

Morgan, 1996), from arm movements (Pollick, Paterson, Bruderlin & Sanford, 2001), 

gestures (Atkinson, Tunstall and Dittrich, 2007) and gait (Roether, Omlor, Christensen and 

Giese, 2009). In their review, Witkower and Tracy (2018) found that pride, joy, sadness, 

shame, embarrassment, anger, fear, and disgust all appear to be displayed and recognised 

through specific body movement. Emotions have also been found to be recognised from body 

motion across remote cultures (Parkinson, Walker, Memmi & Wheatley, 2017). 
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Studies on body motion interpretation need stimuli that do not include cues from other 

expressive modalities (e.g. face, voice etc.) in order to be able to trace interpretation 

specifically to the movement of the body. Point-light displays, i.e. white dots on a black 

background indicating the joints of a moving body (Johansson, 1973), have frequently been 

adopted in such studies, even though originally created for other purposes. Centelles, 

Assaiante, Etchegoyhen, Bouvard and Schmitz (2012) used point-light-displays of two 

moving human-figures in order to study the ability to discriminate between social interaction 

situations as opposed to non-social situations in typically developing children, children with 

autism spectrum disorder (ASD) and adults. They reported significant differences in 

performance between groups. Typically developing children aged 4–6 had a lower number of 

correct responses than typically developing children aged 7–10 and adults. Children with 

ASD had a lower number of correct responses than typically developing children. Autism 

spectrum disorders are characterised by difficulties in social interaction (American Psychiatric 

Association, 2013). Mentalising networks and the mirror neuron system were concurrently 

active in when interpreting social interaction situations as opposed to non-social situations 

depicted by the two point-light characters, revealing how motor cognition contributes to 

processing social information that is embedded in whole-body motion only (Centelles, 

Assaiante, Nazarian, Anton & Schmitz, 2011; Sapey-Triomphe et al., 2017).  

Synchrony seems to be an informative element when perceiving social interaction based on 

body motion. Indeed, “social interactions typically involve movements of the body that 

become synchronised over time and both intentional and spontaneous interactional synchrony 

have been found to be an essential part of successful human interaction” (Fitzpatrick et al., 

2016, p.1). Considering accounts on early infant-caregiver attachment and synchrony, such 

findings are not surprising. Fitzpatrick and colleagues note that synchronising one’s body with 

another person’s body is crucial in order to sustain various aspects of successful social 

interaction. Among such aspects they note interpersonal responsiveness, social rapport and 

other-directedness (Bernieri, Davis, Rosenthal & Knee, 1994; Lakin and Chartrand, 2003), 

positive self-other relations (Miles, Nind & Macrae, 2009) and cooperation (Valdesolo et al., 

2010); Reddish, Fischer & Bulbulia, 2013). In-phase synchrony in dyads depicted by point 

light figures was associated with higher levels of perceived social cohesion (Wilson & Gos, 
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2019). When rating the degree of rapport manifest by a simulated pair of walkers, the highest 

levels of rapport reported by observers were associated with the most stable forms of 

interpersonal (in-phase and anti-phase) synchrony (Miles et al., 2009). Synchronous others are 

not only perceived to be more similar to oneself but also evoke more compassion and 

altruistic behaviour than asynchronous others (Valdesolo & DeSteno, 2011). Furthermore, 

impairments in social motor synchrony has been found in individuals with difficulties in 

social interaction in the form of ASD (Fitzpatrick et al., 2016). 

1.2.3 Children’s perception of body motion 

Children are known to distinguish between body motion (biological motion) and non-

biological motion already at an early age. Infants of 3–6 months have been found to 

discriminate between biological motion and nonbiological (random) motion (Bertenthal et al., 

1984; Bertenthal et al., 1985; Booth et al., 2002;  Hirai & Hiraki, 2005; Moore, Goodwin, 

George, Axelsson & Braddick, 2007). Typically developing young children have been found 

to steadily improve in their ability to spontaneously recognise point-light body motion of 

humans and animals, achieving a performance level equal to that of adults by the age of 5 

years (Pavlova, Krägeloh-Mann, Sokolov & Birbaumer, 2011). Although it has been found 

that children readily discriminate body motion from random motion already at a very young 

age, their ability to further interpret body motion has received little scientific attention. 

Boone and Cunningham (1998) investigated children’s ability to recognise emotions from 

expressive dance movement. They found that four-year-old children were able to recognise 

sadness; five-year-olds additionally fear, and happiness and eight-year-olds additionally anger. 

A steep increase has been noted in the ability to recognise emotions based on body motion 

until 8.5 years of age, followed by improvement at a much slower rate through late childhood 

and adolescence (Ross, Polson & Grosbras, 2012). This is in line with the finding that 

typically developing children mature in their ability to recognise social interaction based on 

body motion, with 7–10-year-olds performing better than 4–6-year-olds (Centelles et al., 

2012). Children with ASD showed weaker interpersonal synchrony compared to typically 

developing children (Kaur, Srinivasan & Bhat, 2018), and had more difficulty recognising 

social interaction situations (especially situations with emotional content) compared to 
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situations with no interaction (Centelles et al., 2012). As social information conveyed through 

the body constitutes an important dimension of social interaction, children’s ability to 

interpret body motion should be taken into account when investigating and taking actions to 

support social development. 

1.3 Music, movement and social interaction 

Although central foundations of social interaction are formed in early childhood, supporting 

social development throughout childhood and adolescence is essential. Previous studies 

suggest that children can benefit from programmes that aim at supporting social development: 

a meta-analysis of 213 school-based, universal social and emotional learning (SEL) programs 

found that SEL participants demonstrated significantly improved social and emotional skills, 

attitudes, behaviour and academic performance (Durlak et al., 2011). In their review, 

Tervaniemi and colleagues (2018) bring to attention that fewer studies have investigated the 

effect of art related interventions. Focusing specifically on music, they note however that the 

brain base of various music activities, as well as effects of music on different aspects of 

human development and functioning have been studied extensively. In terms of child 

development and education, engaging in music activity has been found to enhance children’s 

linguistic skills (Linnavalli, Putkinen, Lipsanen, Huotilainen & Tervaniemi, 2018), verbal 

abilities (Moreno et al., 2011) and executive functioning (Janus, 2016). 

Music activities have also been shown to influence social behaviour in children. Various 

aspects of music activity might be identified as potentially effectual in this area of 

development. Not least the practice of synchronising with others and with auditory material 

(rhythmic action, voice and timbre), emotion expression and interpretation through music, 

joint creativity and positive experiences of joint action (Jaques-Dalcroze, 1921/1980; 

Juntunen, Perkiö & Simola-Isaksson, 2010). Indeed, children attending a music school-

readiness group improved more on social cooperation, social interaction, and social 

independence scales in comparison with controls attending a no music school-readiness group 

(Ritblatt et al., 2013). A short session of joint music making was found to increase 

spontaneous cooperative and helpful behavior in 4-year-old children (Kirschner and 

Tomasello, 2010). Furthermore, a music intervention was found to reduce aggression and 
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improve self-esteem in children with highly aggressive behaviour compared with controls 

(Choi et al., 2010). Relating to this area of research, the ability to recognise emotions in music 

performances has been found to correlate with measures of emotional intelligence in adults 

(Resnicow et al., 2004). Also, after drumming with a synchronous drumming partner, test 

participants showed more spontaneous prosocial helping behaviour toward that person than 

they did toward an asynchronous drumming partner (Kokal et al., 2011). 

Taking a look at movement-based activity, it intuitively seems plausible that dance-related 

activity could foster healthy development in a range of areas, such as self and body 

awareness, self-esteem, emotion expression and interpretation, self-control and decision 

making (Gilbert, 2005; Lobo & Winsler, 2006). Motor, somatosensory and cognitive brain 

areas are recruited when performing complex movement (review: Teixeira-Machado, Arid & 

Jesus Mari, 2018) and a variety of emotions can be expressed and are recognised by 

perceivers non-verbally through dance (Boone & Cunningham, 1998; Brownlow, Dixon, 

Egbert & Radcliffe, 1997; Dittrich et. al., 1996). Dancers have been found to be better than 

controls in estimating the size of their body in action; to consider themselves more skilled 

than control participants regarding their body awareness, and to be more accurate in copying 

different postures compared to controls (Virtanen, 2016). Activity in premotor and parietal 

areas when observing an action is enhanced by the ability to execute a learned action (Cross, 

Hamilton & Grafton, 2006).  In their meta-analysis, Teixeira-Machado and colleagues (2018) 

concluded that dance can strengthen connectivity between cerebral hemispheres; that dance 

practice modifies white and gray matter in several brain regions; and that practicing dance on 

a long-term basis positively affects brain activity. 

Movement activities have been found to influence social interaction in adults. Moving in 

synchrony enhanced individuals’ sensitivity to other people’s movements and promoted co-

operative behaviour (Valdesolo et al., 2010). Another study compared the effects of a 

movement intervention based specifically on imitation and synchronisation with a movement 

intervention based on individual motor coordination (controls) on social interaction in adults 

with autism spectrum disorder (ASD). Participants who received a movement intervention 

based specifically on imitation and synchronisation showed a larger improvement in emotion 
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inference, increased synchronisation skills and imitation tendencies, as well as whole-body 

imitation and movement dialogue in comparison to controls (Koehne et al., 2016).  

Positive effects of movement activities have also been found on social interaction in children. 

Children from families with incomes below the poverty line who participated in a twice-a-

week eight-week creative dance program made significant improvement in social competence 

and significant reductions in their behaviour problems compared to control children (Lobo 

and Winsler, 2006). Lobo and Winsler used parent and teacher ratings on the Social 

Competence Behaviour Evaluation: Preschool Edition (LaFreniere & Dumas, 1995) in order 

to measure social competence as well as internalising and externalising behaviour problems. 

An earlier study found positive tendencies in the effects of systematic creative movement and 

dance activities on creativity, body image, motorics, speech and communication skills of 

hypoactive children (Caf et al., 1997). In typically developing children, creative dance 

enhanced children’s co-operation, communication, belonging to a group, leading, following 

and awareness of others, though in this study there was no control group that would have 

allowed for comparison (von Rossberg-Gempton et al.,1999). 

When looking at studies on the effects of music and movement/dance-based interventions or 

activities, it needs to be noted that in many instances music and dance-related movement 

appear together. In such cases the effects of music and movement can not be told apart. 

Nevertheless, taking into account the studies reviewed, it is reasonable to assume that 

engaging regularly in music or in dance-related movement activities respectively might have 

positive effects on various aspects of children’s social development and social interaction. As 

noted, the perception and interpretation of bodies moving in synchrony appears to be an 

important factor in processing social information. At the very core of both dance and music is 

both conscious and unconscious synchronisation of body movement, effort, timing, rhythm, 

lyrics, timbre, sounds etc., and of the subjects emotional states with performed or observed 

material. It is not far fetched that such practices might support synchronising and perception 

of synchrony in other areas of life. Furthermore, the ability to perform learned movement 

enhances neural mirroring of an observed movement and motor mirroring is an important part 

of social interaction (Cross et al., 2006). Clearly, there is reason for further and rigorously 

designed research that allows for investigation of the effects of movement and music activity 
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on social development in children, and in such study the body as an important source of social 

information should be taken into account. 

1.4  The current study 

1.4.1 The Arts@School research project 

The current study was conducted as part of the Arts@School research project, one part of a 6-

year multidisciplinary research initiative concerned with examining the arts as public service, 

ArtsEqual . The aim of the Arts@School research group was to study the effects of the three *

art related interventions (movement MO, music MU and movement-music MOMU) on 

elementary school children (from 3rd grade to 4th grade) over a 2 year long period. It was 

conducted in a Finnish public elementary school over the course of the school years 2016–

2017 and 2017–2018.  

Out of four parallel classes in the school, three classes were assigned to one intervention each, 

leaving one class as the control group that did not take part in any intervention. The classes 

were assigned to groups (MO/MU/MOMU/control) in agreement with the teachers. For 

ethical reasons, it was agreed that the control group would be offered an intervention after the 

completion of the study.  The interventions were integrated in the regular classroom teaching 

and conducted approximately three times a week. The Arts@School research group was 

concerned with studying the effects of each intervention on various aspect of learning, such as 

mathematical skills, executive control, motivation, well-being and social cognition (the 

current study). The children (interventions and controls) completed the social cognition-test 

before and after intervention during the second year of the study 2017-2018. 

1.4.2 Movement and music interventions 

The interventions were planned in a collaboration with classroom teachers and experts of 

dance and movement pedagogy: professor of dance pedagogy at the University of the Arts 

Helsinki’s Theatre Academy Eeva Anttila (MO) and professor of music pedagogy  at the 

 Arts@School has been undertaken as part of the ArtsEqual-project funded by the Academy of Finland’s *

Strategic Research Council from its Equality in Society-programme (project no. 293199). ArtsEqual is 
coordinated by the University of the Arts Helsinki
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University of the Arts Helsinki’s Sibelius Academy Marja-Leena Juntunen (MU and MOMU). 

They were conducted by the classroom teachers approximately three times a week throughout 

the school-year and were planned to fit in as well as possible with the overall teaching. In 

order to be able to separate possible specific effects of movement on the one hand, and music 

on the other hand, the movement intervention was conducted without music and the music 

intervention without (dance related) movement.  

1.4.2.1 Movement intervention 

The movement intervention was based on the creative dance approach developed by dance 

pedagogue Anne Green Gilbert (Gilbert, 2005). It encompassed a series of developmental 

movement patterns that typically developing human beings naturally move through in the first 

year of life. These movement patterns are initially manifested through primitive reflex and 

then become more and more complex and functional as the child develops (Hackney, 2002). 

Exercises were based on the following elements: 1) Tactile stimulation (touch); 2) Vestibular 

stimulation (balance); 3) Kinaesthetic stimulation (movement and proprioception); 4) Breath 

enhancing; 5) Center-periphery connection; 6) Head-tail connection (spine movement); 7) 

Upper-lower body connection; 8) Body-halves connection (right-left); 9) Cross-lateral 

connection (crossing the centre). The exercises included both individual and partner-work, 

such as mirroring and touch. The movement intervention aimed at supporting social skills and 

creativity among other developmental aspects, taking into account that foundations of social 

interaction develop reciprocally with developmental movement patterns and body integration 

(Gilbert, 2005). The intervention was realised without music in order to be able to study the 

effectiveness of movement and music separately.  

Gilbert’s approach was also used in the previously noted creative dance-intervention study 

that investigated social interaction in children from low-income families (Lobo & Winsler, 

2006). Lobo and Winsler found significant improvement in social competence and significant 

reductions in behaviour problems post intervention in comparison with control children. 
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1.4.2.2 Music intervention 

The music intervention was conducted in line with the aims and means of regular elementary 

school music education. The aim of music education is to help pupils find personal areas of 

interest in music, encourage music-related activity and provide pupils with musical tools for 

expression, as well as supporting overall maturation and development (Finnish board of 

education, 2004). According to the Finnish core curriculum for basic education, playful and 

holistic activities that provide pupils with a wide range of music styles and encourage 

expression of personal ideas are central to musical development in grades 1–4. Activities 

involve listening and rhythm exercises, singing, playing instruments, creating soundscapes, 

musical improvisation among others. A central idea is that joint music activity fosters social 

skills such as respect and responsibility-taking. The music intervention was realised in 

accordance with these working habits and aims of regular elementary school music-teaching. 

It included singing, playing instruments, listening to  music and creative tasks, such as 

making soundscapes, melodies and writing lyrics. Pupils were trained to learn music by ear 

through approaches that activate listening. School instruments as well as music technology 

were used when possible. 

1.4.2.3 Movement-music intervention 

The combined movement-music intervention was based on the approach of Émile Jaques-

Dalcroze, integrating the whole body and movement in learning music (Jaques-Dalcroze, 

1921/1980; Juntunen et. al, 2010). It approached learning music through activities that 

combine music and movement and through the bodily experiences that arise through these 

activities, thereby activating the pupil’s whole body to sense, receive and internalise music - 

the body functioning as an instrument itself. It incorporated listening, singing, body 

movement and creating. Activities included rhythmic movement exercises, listening-

exercises, improvisation, making movement-phrases to music, as well as ready structures like 

singing-games and dances from different times and cultures. Body/movement exercises 

focused on body control, balance, motor skills, coordination, relaxation, body emancipation, 

body awareness and the relations of time, space and effort in movement.  

Social objectives of the movement-music intervention included communication, respect and 

ability to function with different peers in different groups. Other general goals were to 
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enhance focus and attention, memory, self-confidence, ability to follow instructions, 

information processing and supporting pupil creativity, overall development and well-being. 

The aim was to generate joy and positive experiences that strengthen the pupil’s imagination, 

ability to express and learn, as well as to increase the motivation to learn and study. 

1.4.3 Social cognition test selection 

The aim of the current study was to examine the possible effects of the interventions on social 

cognition. Since two of the Art@School interventions were movement based, and since 

interpretation of body motion influences social interaction, it was in the interest of this study 

to examine the body as a source of social information. For this purpose, a test was needed that 

would allow for measuring the interpretation of body motion without additional cues such as 

facial expression, voice, context or further visual objects/surroundings. In addition, the test  

needed to be suitable for typically developing elementary school children, and of suitable 

length (appr. 15min) in order to fit as part of the overall Arts@School test battery. 

Existing tests reviewed included The EU-Emotion Stimulus Set (O’Reilly et al., 2016); the 

Geneva Multimodal Emotion Portrayal corpus GEMEP (Bänziger, Mortillaro & Scherer, 

2012); the Diagnostic Analysis of Nonverbal Accuracy scale DANVA (Nowicki & Duke, 

1994) and the emotion recognition and theory of mind subtests of the Neuropsychological 

Assessment NEPSY II (Kemp & Korkman, 2010). None of the above mentioned tests filled 

all of the criteria of the present study. The EU-Emotion Stimulus Set proved too 

comprehensive for the time frame available and too complex for children aged 10. The stimuli 

in the GEMEP and DANVA respectively included information from too many modalities 

simultaneously. NEPSY II did not allow for body motion interpretation and was not expected 

to be sensitive enough to detect differences among typically developing children. 

The selected test was an adaptation of a test previously used by Centelles and colleagues in 

2012. These researchers used a set of point-light movement stimuli (displays of two point-

light movers either interacting with each other or moving separately, i.e., no interaction) in 

order to measure the recognition of social interaction between two people from biological 

motion in adults, typically developing and autism spectrum disorder children. The stimuli had 

previously been used to measure adult brain functioning in response to social interaction 
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versus non-interaction situations (Centelles et al., 2011). This stimulus set allowed for 

interpretation of biological motion without interference of additional cues, and met the further 

criteria of the current study regarding length and suitability for typically developing children. 

Thereby, this particular stimulus set was used in order to construct the social cognition-subtest 

as part of the overall Arts@school test battery. In the current study, the theory of signal 

detection was utilised in the analysis of performance in order to take response bias into 

account, with d′ reflecting the test participant’s sensitivity to social interaction and criterion c 

reflecting response bias. 

1.5 Research question 

The aim of the main study was to answer the following question: is there an effect of a 

classroom integrated movement, music or movement-music intervention on the ability to 

recognise social interaction based on body motion in 10–11-year-olds? In the light of the 

literature reviewed, there was reason to expect that the children who took part in any of the 

interventions (MO or MU or MOMU) might improve more than controls. 

Before the main study, the children’s ability to recognise social interaction based on body 

motion pre intervention was compared with that of adults’. Since the ability to interpret body 

motion has been found to improve with age, adults were expected to perform better than 

children. 

2. Methods 

2.1 Participants 

The main study encompassed a total of participants. 59 children took part in the experiment 

(25 girls and 35 boys). 19 children (8 girls, 11 boys) took part in the movement intervention 

(MO); 12 children (8 girls, 4 boys) took part in the music intervention (MU); and 16 children 

(5 girls, 11 boys) in the combined music and movement intervention (MOMU). A control 

group of 12 children (4 girls, 8 boys) did not take part in any intervention. The mean age was 

10.35 years in the MO group; 10.47 years in the MU group; 10.21 in the MOMU group; and 

10.04 years in the control group. All children reported normal or corrected-to-normal vision.  
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In addition, nine adults (5 female, 4 male), mean age 44.17 years, completed the experiment 

in order to compare the children’s (n=59) baseline performance with that of the adults. The 

test was piloted on three children (boys aged 6, 8 and 11). 

2.2 Materials 

2.2.1 Stimuli and equipment 

The stimuli used were point-light displays of two human beings, originally created by 

videotaping movement performed by two professional actors. Each display lasted three 

seconds. The stimuli have previously been described by Centelles and colleagues (2011). 

Examples of the stimuli are presented in Figure 1. The displays included 25 social interaction 

situations (IA) and 25 non-interaction situations (NO), which are presented in Table 1.  

Figure 1. Examples of point-light stimuli. The images are screen-captures from test displays. 
Here, the characters are made visible with lines connecting the dots (there were no lines in the 
displays used in the test). In the (NO) situation on the left, A ties a shoelace and B lifts something 
onto a shelf. In the (IA) situation on the right, A curtseys for dance and B bows to accept. 

The IA situations included emotional situations (of positive or negative valence), conventional 

social behaviour (e.g., social gestures and responses) and social activities (e.g., dancing, 

sports). In the NO situations, the two actors moved side by side without interacting 

(movements such as jumping, lifting something, skipping, stretching, walking). The actors in 

the NO scenes were originally filmed separately and later mounted together for the display in 

order to prevent any synchronisation between actors (Centelles et al., 2011). Each situation 

was presented twice, both as the original and as its mirror-version. Thereby a total of 100 
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displays (50 IA, 50 NO) were used in the study. Six displays (3 IA, 3 NO) were used for a 

practice trial and the remaining 94 displays were used for the actual experiment. The 

experiment was run on a HP laptop computer using a software designed for the current study 

on Presentation, and a Cedrus XID Response Extension Box. 

�16

Table 1.
Point-light stimulus list. The two point-light figures are referred to as A and B

Interaction situations No interaction situations

A reprimands B who responds A hammers a nail, B steps sideways
A and B jump up and down, playing A turns around dancing, B lowers a rope
A and B kick a ball to one another A jumps, B paints a wall with a brush
A comforts B who is crying A jumps up and down, B lifts a rock
Both play a hand-clapping game together A kicks a ball, B paints a wall with a brush
Both dance together A wipes his/her feet, B drinks
A offers a chair, B sits down on it A sneezes, B turns around dancing
Both wave goodbye to one-another A opens a wine bottle, B lifts a rock
Both wave for attention and jump to greet A plays catching, B washes dishes
A scares B and B turns and gets scared A running, B flutters a garment
A commands B to go away, B turns away  A carries a tray, B moves to touch a wall
A curtseys for dance and B bows to accept A painting, B juggling
Both bow to one another A picks up clothes, B sits down on a couch
A points up and B looks in that direction A dries her/himself with towel, B lifts shoulders
A picks up a flower for B and B takes it A polishing shoes, B writing on a blackboard
A commands B and B gets up offended A pulls a rope, B pours a drink
Both toast with a drink A lifts something on a shelf, B ties a shoelace
A and B lift up one another A stumbles, B lifts something a shelf
A tries to catch something that B has A sits down on a couch, B plays golf
A plays music with B dancing A does dusting, B searches for something
A gives something for B that B takes A sweeps the ground, B attaches a poster
Both laugh at something together A playing cello, B painting on a wall
A stumbles and B catches A A handles laundry, B carries a tray
A serves a plate that B receives A handles fabric, B lifts shoulders
Both saw a log together A opens a cupboard, B stretches

APr


APr




2.3 Design and procedure  

2.3.1 Pilot study and adults

An initial version of the test was piloted on three children (aged 6, 8 and 11) in order to test its 

suitability, duration and to find possible need for improvement. All children completed the test 

and it was concluded that it was of suitable duration. As a result of the pilot, a display stating 

“Well done!” was added at the end of the test in order to include positive feedback since no 

feedback on correct answers is given during the test. In addition, nine adults completed the 

test and their performance was compared to the pre intervention performance of the children 

in the main study. 

2.3.2 Main study: intervention groups 

Test participant sat in a quiet room in front of the computer that was at approximately 50 cm 

viewing distance. The experimenter explained to the child that short videos with “dot-figures” 

of two people moving would appear on the screen. The child was instructed as follows:“If you 

think the two people are functioning  together, press the left button. If you think the two *

people are functioning separately, press the right button. (Approximately half of the subjects 

were asked to press the response buttons the other way around, in order to avoid any bias in 

relation to hand used). The experimenter explained that an example of people functioning 

together is hugging, and an example of people not functioning together is one person jumping 

and one person running, asking the child to indicate which button they would press after each 

example. Before starting the experiment, each child did a practice trial consisting of six 

displays. The child could repeat the practice as many times as she/he wanted before 

proceeding. The trial displays were not included in the test. 

 “Functioning together” and “functioning separately” is translated from the Finnish “toimia yhdessä”  *

referring to two people functioning or operating together and “toimia erikseen” (functioning or operating 
separately or on their own). This was used instead of the word for “interacting” (in Finnish “olla 
vuorovaikutuksessa”), since this would have been too much an abstract word to interpret fo children of 
this age. The Finnish functioning together stands well for different non-verbal and verbal interactive 
activities, such as dancing together, playing together, discussing and so on. 
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The experiment included a total of 94 displays presented in random order. Displays were 

followed by an empty black screen, with the next display appearing as soon as the child 

pressed either of the response buttons. A pause-display appeared after the 20th, 40th, 60th and 

80th displays, allowing the child to take a break and continue as soon as she/he wished to by 

pressing either of the response buttons. The children were tested at the beginning of the 

school year (baseline) and at the end of the school year (post intervention).  

2.4 Data analysis  

The theory of signal detection was applied in the data analysis. Utilising d′ (Green and Swets, 

1966; Stanislaw & Todorov, 1999) enabled a separation of the effects of stimulus detectability 

from the participant's response bias. In this study, d′ reflects the participant’s ability to 

discriminate the interaction stimuli from the non-interaction stimuli. d′ was calculated using 

the hit rate and the false alarm rate. Hits were the trials in which the participant recognised the 

interaction situation correctly (correct response: IA). False alarms (FA) were the trials in 

which the participant reported non-interaction situations as interaction (NO reported as IA). 

These values were normalised in order to obtain the z-score values z(HIT) and z(FA) and d′ 

was calculated by subtracting the normalised values from one another: d′ = z(HIT) − z(FA). 

False alarm rates of 0 were corrected using 1/2n, and hit rates of 1 were corrected using 

1−1/2n, n equalling the number of trials (Miller, 1996). The higher the d′, the better the test 

participant was at discriminating between IA and NO situations. A c value of 0 reflects no 

response bias. In the current study, a negative c  value reflects a tendency towards reporting 

IA, while positive c value reflects a tendency towards reporting NO. 

The statistical analyses were conducted on IBM SPSS Statistics 25. An independent samples 

t-test was conducted to compare the mean d′ (ability to discriminate between IA and NO) and 

mean c (response bias) of the adults with that of the children. The same test was used in order 

to check for gender differences in mean d′ and mean c pre intervention. A one way analysis of 

variance was conducted to investigate whether there were differences among groups in mean 

d′ and c pre intervention. A mixed model ANOVA was conducted in order to investigate main 

and interaction effects of prepost and of group (control vs. intervention MO, MU, MOMU) on 

d′. Pairwise comparisons of pre and post d′ for each group were corrected using a Bonferroni 
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adjustments. Pre and post scores for each group were compared using paired samples t-tests. 

The same procedure was conducted in relation to c. 

3. Results 

3.1 Comparison between adults and children 

Adults were better than children at recognising social interaction from body motion. Adults 

scored a d′ mean of 2.65 (± 0.46) while children scored a d′ mean of 1.75( ± 0.67) at baseline. 

An independent samples t-test revealed that the adults’ score was significantly higher than the 

children’s, t(77) = 3.82,  p < .001. When looking at the response bias of adults and children, 

the difference between adult’s mean c -0.57 (± 0.27) and children’s mean c 1.70 (± 0.36) 

approached statistical significance, t(66) = -1.80, p = .077. Adults tended to be more inclined 

than children to report that social interaction was present, while children were more inclined 

to respond no social interaction. 

3.2 Comparison between genders 

In order to check for possible gender differences in the ability to recognise social interaction 

based on body motion, an independent samples t-test was conducted to compare the mean d′ 

of the boys 1.66 (± 0.52) with the mean d′ of the girls 1.83 (± 0.83) pre intervention. There 

were no significant differences in performance between genders, t(57) = 0.93, p = .355.  In 

relation to response bias, an independent samples t-test revealed a significant difference 

between the mean c of boys 0.25 (± 0.34) and girls 0.57 (±0.36), t(57) = 2.11, p = .039. Boys 

were significantly more inclined than girls to report no social interaction. 

3.3 Effect of interventions 

The pre and post intervention d′ means for all groups are visible in Figure 2, and c means 

additionally in Table 2. A one way analysis of variance revealed no differences in performance 

(d′ mean) between groups pre intervention,  F(3,55) = 0.03, p = .995.  
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All groups scored higher post intervention, although it appeared that all intervention-groups 

(MU, MO and MOMU) improved in a similar manner, while the control group improved less. 

Figure 2. Pre- and post-intervention d′  means and standard error of the mean (SEM) for 
intervention groups and controls.  

Table 2 
Means and standard deviations (in parenthesis) for pre and post intervention d′ and c for 
intervention groups and controls 

The data analysis supported these findings. As all intervention groups appeared to have 

performed in a similar fashion post intervention, the following step was to examine whether 

there were any differences between interventions (groups combined MO, MU and MOMU) 

and controls in relation to their post intervention test performance. A mixed model ANOVA 
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Intervention Pre intervention Post intervention Pre intervention Post intervention

Movement 1.74  (0.59) 2.33  (0.69) 0.24 (0.34) 0.31 (0.42)

Music 1.77  (1.02) 2.45  (0.88) 0.21 (0.31) 0.20 (0.40)

 Movement-Music 1.71  (0.66) 2.29  (0.71) - 0.03 (0.36) 0.17 (0.52)
 Control 1.71  (0.39) 1.99  (0.42) 0.28 (0.37) 0.22 (0.29)



with pre- and post d′ as within-subject variable and control and intervention (MO, MU, 

MOMU together as one group) as between-subject variable revealed a significant main effect 

of prepost, F(1,57) = 2.97, p < .001 and an interaction effect approaching significance 

between prepost and group, F(1,57) = 2.98, p = .09.  

In order to determine whether there was a difference between pre and post performance 

within the groups, paired samples t-tests were conducted to compare pre and post intervention 

d′ for each group. In the MO group, children were better at recognising social interaction post 

intervention; the post intervention d′ was significantly higher than the pre intervention d′, 

t(18) = -5.05,  p < .001. The same was noted for the MU group; the difference between the d′ 

pre and post intervention was significant, t(11) = -2.95, p = .013. Also children in the MOMU 

group were better at recognising social interaction post intervention; a significant difference 

was found between d′  pre and post intervention, t(15)= -3.87,  p = .002. The difference 

between pre and post d′ did not reach significance in the control group t(11) = -1.76, p = .107. 

Looking at response bias, a one way ANOVA revealed a difference approaching significance 

between groups pre intervention F(3,55) = 2.52, p = .068. The negative c value close to 0 in 

the MOMU group, indicated that there was close to no response bias in this group, while other 

groups were more inclined to report no social interaction. As the MOMU group tended to 

differ from the others in relation to response bias pre intervention, a mixed model ANOVA 

was conducted with pre and post c as within-subject variable and group (MOMU vs. MO, 

MU, control) as between group variable. A significant main effect for prepost, F(1,57) = 0.25, 

p = .028, and a significant interaction effect between prepost and group, F(1,57) = 0.20,  

p = .048 was found. Paired samples t-tests revealed that the difference between pre and post c 

was significant in the MOMU group, t(15) = -2.18, p = .046, but not not significant in the MO 

group, t(18) = -0.88, p = .389, nor in the MU group, t(11) = 2.55, p = .803. Neither was there a 

significant difference between pre and pos c in the control group, t(11) = -0,80, p = .439. In 

other words, post intervention, the MOMU group were more strict in their evaluation of 

whether social interaction was present than they were pre intervention. There were no changes 

in response bias in the other groups. 
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4. Discussion 

Adults were better than children at recognising social interaction from body motion, reflected 

by a higher d′. The difference in response bias between adults and children approached 

statistical significance, with adults tending to be more inclined than children to report social 

interaction. Although less efficient than adults, children were able to recognise social 

interaction from body motion. All intervention groups improved significantly post 

intervention, whereas the difference between pre and post performances did not reach 

significance in the control group. 

4.1 Differences between adults and children 

The finding that adults were significantly better at recognising social interaction than children 

aged 10–11 is in line with previous research that have found a developmental effect on the 

ability to interpret body motion (Centelles et al., 2012; Ross et.al, 2012). Centelles and 

colleagues (2012) noted a developmental effect on the ability to recognise social interaction 

based on body motion but this was only noted in younger children (aged 4–6). However, a 

possible response bias may have confounded the results in this study. Children and adults 

might differ in relation to response bias, as the results of the current study suggest. 

In relation to response bias, the difference between adults and children approached 

significance. The trend was, that children were more strict in their evaluation of whether 

social interaction was present between point light figures, i.e., being more inclined than adults 

to report no interaction. Whereas the previous studies by Centelles and colleagues (2012, 

2013) that used the same point-light stimuli provided valuable insight on the ability to detect 

social interaction from body motion, the data analysis in these studies produces a challenge to 

the interpretation of their results. As the participant’s total number of corrects for IA and NO 

situations was used in order to compare performance between groups in these studies, 

response bias was not taken into account. Thereby, a participants’ tendency to respond one or 

the either way more often than the other might have biased their scores (with a higher number 

of false alarms resulting in higher probability for correct response by chance). A strength of 
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the current study is that response bias was taken into account in the data analysis by using 

discriminability d′ to assess performance and criterion c to assess response bias. 

4.2 Effect of interventions 

There were no significant differences in the ability to recognise social interaction based on 

body motion between groups (nor between genders) before the interventions. A significant 

improvement in sensitivity so social interaction based on body motion was found only in the 

intervention groups, suggesting that all interventions supported this aspect of social cognition. 

Such a trend is in line with the body of research indicating that music or movement activity 

can affect aspects of social development in children (Caf et al.,1997; Choi et al., 2010; 

Kirschner & Tomasello, 2010; Lobo &Winsler, 2006; Ritblatt et al., 2013; von Rossberg-

Gempton et al., 1999). It is not surprising that music and (dance related) movement activity 

respectively could affect development, taking into account that recent brain research has 

found differences in brain activity between dancers, musicians and laymen (Poikonen, 

Toiviainen & Tervaniemi, 2018a; Poikonen, Toiviainen & Tervaniemi, 2018b). Interpreting 

body motion is an important dimension of adaptive social interaction (Hari & Kujala, 2009; 

Witkower & Tracy, 2018) and healthy social development is important for both wellbeing and 

learning (Briggs-Gowan & Carter, 2008; Joseph & Strain, 2003; Malecki & Elliot, 2002). 

The results of the current study support previous findings (e.g.,Witkower & Tracy, 2018) that 

emphasise body motion as an important source of social information. Children have been 

found to recognise emotions from expressive dance movement (Boone & Cunningham,1998) 

and social interaction based on body motion (Centelles et al., 2012, 2013). In line with these 

findings, children were able to recognise social interaction based on body motion without 

additional cues from other modalities in the current study. This was the first experiment that 

used the current test in order to compare performance among groups of same-aged, typically 

developing children. The test enabled detecting statistically significant improvement in 

performance in intervention group children across two measurements, as well as detecting 

differences between adults and children. These results encourage future use of the test as one 

of many measures of processes related to social interaction.  
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Looking at response bias, children in the MOMU group tended to be more inclined than the 

other groups to report no social interaction pre intervention. Post intervention, no difference 

was found between groups. In other words, post intervention, the MOMU group were more 

strict in their evaluation of whether social interaction was present than they were pre 

intervention. There was no change in relation to response bias between pre and post 

performances in the other groups. 

In general, children tended to improve at least somewhat in their ability to recognise social 

interaction from body motion across the two measurements. Since the test gives no feedback 

regarding right or wrong answers there is no possibility to learn correct answers from 

completing the test, although being familiar with the test as such might aid performance on 

the second measurement. Future studies should compare children’s and adults’ results across 

two measurements, in order conclude whether or not adults improve in performance. 

4.3 Limitations 

Some notions need to be made regarding limitations of the current study. As noted, the sample 

size of the current study was relatively small as it was restricted to the number of same-grade 

pupils in one elementary school. On the other hand, having all participants in the same school 

meant that the overall everyday educational circumstances were fairly similar for all the 

children who took part in the study. The small sample size of the current study naturally 

limited its statistical power, with the interaction effect between pre-post test and intervention 

not quite reaching statistical significance in the mixed model ANOVA. However, as it 

approached significance, the results indicate there is a need for further research with larger 

samples.  

Looking at the content and realisation of the interventions, the music and movement-music 

interventions involved a broad set of exercises and activities giving much freedom (and 

responsibility) to the teachers conducting the interventions. The aim was that teachers would 

utilise the tools given by the expert but adapt and develop them further in their own manners. 

Naturally, this relatively open format somewhat hinders a specific understanding of effectual 

elements and replicability. A strength of the movement intervention was, that it used a specific 
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(and easily replicable) set of exercises to which the teacher committed throughout the 

intervention.  

Though the aim was to realise interventions three times a week, this was not always possible. 

In terms of participation, some children did not actively take part in the intervention activities 

every time but preferred to merely observe the activity. This of course is likely to have had 

some impact on the results, but notably the intervention groups improved in spite of these 

limitations. 

In terms of considering effects of regular movement and music activity as such, it is important 

to note that instructor qualities are likely to be of considerable importance. Naturally, an 

expert of the field of each art related activity could (consciously and unconsciously) transmit 

an understanding of music or movement that extends beyond what can be transmitted through 

a non-expert leading chosen activities (Gilbert, 2005). This is a crucial aspect to take into 

account whenever interpreting results of studies that deal with the effects of art related 

activities on human experience and functioning. In the current study, though, it was of specific 

interest to gain insight in the possibility of incorporating music and movement in regular 

school curriculum by elementary school teachers themselves, through the assistance of 

experts. 

Since no control-intervention activity was included in the current research, there is of course 

the possibility that receiving an intervention as such supported test performance rather than 

the content of the interventions. Future research that includes a different type of intervention 

(non-music or -movement) should be conducted in order to compare between other types of 

intervention. 

4.4 Implications for future research 

Future studies could further develop interventions to be as specific and easy-accessible as 

possible to children and teachers. Narrowing some interventions slightly could provide a more 

detailed understanding of effectual elements and improve replicability. More frequent in-class 

contact-time between expert, classroom-teacher and pupils could be beneficial. Music 
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interventions could focus on a more defined set of activities in order to gain a more specific 

understanding of the potentially effective mechanisms of the intervention. Furthermore, in 

terms of supporting children’s overall social development, it might be useful to consider 

including expressive movement with focus on emotion recognition (self and others) in the 

movement intervention. Previous studies have found that emotions are readily expressed and 

recognised through body movement in adults  (Atkinson et al., 2007; de Gelder, 2006; Pollick 

et al., 2001) and through dance in adults (Dittrich et al., 1996) and children (Boone & 

Cunningham, 1998). 

The notions made in the current study indicate that research focusing on the social 

development of children should consider the importance of the body as a source of social 

information. Synchrony between bodies, from early infancy onward, has been found to be an 

essential part of successful social interaction (Feldman, 2007; Fitzpatrick et al., 2016, Wilson 

& Gos, 2019). Previous studies have found that body movement constitutes an important part 

of social interaction in adults (Bernieri et al., 1994; Lakin & Chartrand, 2003; Miles et al., 

2009; Reddish et al., 2013; Valdesolo et al., 2010; Valdesolo & DeSteno, 2011) and children 

have previously been found to readily recognise social interaction based on body motion 

(Centelles et al., 2012). The test used in the current study moreover offers interesting 

directions of research in the realm of body motion interpretation. It might be of interest to 

investigate the ability to detect social interaction from body motion in individuals with likely-

to-be enhanced body interpretation skills, such as dancers (Virtanen, 2016).  

An extensive body of research indicates that the most sensitive period of social development 

is in early childhood, when the foundations of social interaction are formed (e.g., Ainsworth, 

M. D. S., 1978; Bowlby, J., 1979; Feldman, 2007; Lam et al. 2019; Schore, 2001; Van der 

Kolk, 1987; Vrticka et al., 2008). In relation to body motion interpretation a steep 

improvement has been found in children until they reach 8,5 years (Ross et al., 2012). 

Therefore it would be important to study the effect of art related movement and music 

interventions also in younger age groups (daycare, preschool and younger elementary school 

children). 
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Child social development is a complex area of research. Social cognition necessarily overlaps 

with motivation, empathy and morality (Adolphs, 2001). Being skillful in one specific domain 

related to social cognition naturally does not equal adaptive overall social development. 

Skilfulness in interpreting others does not necessarily equal empathetic behaviour (Preckel et 

al. 2018) and, as Keltikangas-Järvinen points out (2010), sociability and social skills are 

different things. In order to gain a more thorough and comprehensive understanding of 

children’s social development, future studies would benefit from including several measures 

in their design; eg. body motion-interpretation and emotion recognition (body/face/voice) in 

combination with qualitative measures, such as parent and teacher ratings and self-

evaluations. 

The results of the current study suggest that it could be useful to include movement and music 

activities that support social development in elementary school curricula. The interventions in 

the Arts@School project were conducted by classroom teachers. The findings thereby suggest 

that teachers could successfully conduct such interventions guided by experts in dance and 

music pedagogy.  Considering potential future directions in art-education-science 

multidisciplinary research seems beneficial from societal, educational, scientific as well as 

artist-related viewpoints. In order to make further use of artist expertise, artists themselves 

could visit schools to conduct interventions (e.g. music or movement) of longer duration (e.g. 

45-60 min. weekly). Interventions could be incorporated with after-school activity and 

scientific study. Such endeavours could benefit children and families; support artist 

development, as well as provide scientific understanding.  

There is some concern among the arts that scientific studies of potential effects of art-related 

training or activities lead to simplified conclusions that do not capture the value and long-term 

implications of art for the individual and for society. Some might fear that if statistically 

significant results are not found on specific measures, this will threaten art’s existence or 

change the way we experience and think about art for the worse. However, scientific study 

does not mean to reduce the understanding of art-activity into measurable components nor are 

its results needed for justification of the existence of art. Rather the practices and knowledge 

base within science can offer viewpoints into aspects of art, just as practices and knowledge 

base within arts can offer viewpoints to science. It is plausible that the highest quality of 
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multi-disciplinary research can be obtained when experts of the fields involved truly operate 

in reciprocal manner and aim at a good-enough understanding of the concepts and domains 

involved.  

4.5 Conclusion 

To summarise, children aged 10–11 were able to recognise social interaction based on body 

motion. Adults performed better than children at baseline. Children who received either a 

movement-, music- or a movement & music based classroom-integrated intervention 

improved significantly in sensitivity to social interaction, whereas no significant improvement 

was found in the control group. This finding suggests that art-related movement and music 

interventions conducted by elementary school teachers may support children’s ability to 

interpret body motion, an important aspect of social interaction. Healthy social development 

is important for wellbeing and learning, and incorporating art-related activities that support it 

could be beneficial in elementary school curricula.  
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