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ABSTRACT

KEYWORDS

Children’s songs are a great source for linguistic learning. Here we explore whether
children can acquire novel words in a second language by playing a game featuring children’s songs in a playhouse. The playhouse is designed by the Noplica
foundation (www.noplica.nl) to advance language learning through unsupervised
play. We present data from three experiments that serve to scientifically prove the
functionality of one game of the playhouse: the Energy Center. For this game, children move three hand-bikes mounted on a panel within the playhouse. Once the
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children cycle, a song starts playing that is accompanied by musical instruments.
In our experiments, children executed a picture selection task to evaluate whether
they acquired new vocabulary from the songs presented during cycling. Two of our
experiments were run in the field, one at a Dutch and one at an Indian preschool.
The third experiment features data from a more controlled laboratory setting. Our
results partly confirm that the Energy Center is a successful means to support
vocabulary acquisition in a second language. More research with larger sample
sizes and longer access to the Energy Center is needed to evaluate the overall functionality of the game. Based on informal observations at our test sites, however, we
are certain that children do pick up linguistic content from the songs during play,
as many of the children repeat words and phrases from the songs they heard. We
will pick up upon these promising observations in future studies.

INTRODUCTION
Children’s play is full of music and movement (Smith 2010). The combination
of acoustic and physical activity is highly rewarding and contagious for children (Ilari 2015, 2018; Pellegrini 2012). The very nature of children’s play might
also be beneficial from an educational perspective (Golinkoff et al. 2006). Here
we present a novel serious game that incorporates play, music and movement,
to foster language learning in preschool children: the Noplica Energy Center.

Language learning from songs
Young children are drawn into songs due to the songs’ captivating melodies
and rhythms and catchy lyrics (Ilari 2015, 2018; Marsh and Young 2016). These
positive features make songs a standard material in second language learning
(Davis 2017; Engh 2013; Fonseca-Mora 2016). Furthermore, there is mounting evidence for musical training (Benz et al. 2016; Strait and Kraus 2011) and
musical play (Linnavalli et al. 2018) to support auditory perception, thereby
indirectly improving a range of language skills (Cohrdes et al. 2016; Elmer
and Jäncke 2018). One theoretical framework to explain the benefit of music
on language processing is provided by the OPERA hypothesis (Patel 2011,
2012, 2014). This hypothesis rests on the fact that music and language share a
great deal of their acoustic structure. The emotional-attentional and cognitive
mechanisms engaged in processing children’s songs could, therefore, transfer
into the language domain. Hence, hearing a word in song lyrics could, in principle, lead to recognizing this word in speech as well. Yet, learning words from
songs is not trivial: the words’ acoustic shape is determined by the melody and
rhythm of the song. This influences recognition and memorization of the word
and, thus, to what extent the mental representation of a sung word transfers to the spoken modality (Calvert and Billingsley 1998; Coyle and Gomez
Gracia 2014; Leśniewska and Pichette 2014). Nevertheless, we rely on songs’
high social-emotional power (Cirelli et al. 2019; Trehub and Cirelli 2018) and
investigate whether the Energy Center in the Noplica playhouse supports
preschool children’s acquisition of novel words in a second language.

Language learning through movement
Similarly to songs and music, movement also aids adults’ and children’s learning and well-being (Fisher et al. 2012; Herting 2018). Several studies report
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improved learning outcomes for educational settings that incorporated movement during instruction (Liu et al. 2017; Mavilidi et al. 2015, 2018; Schmidt et
al. 2019). Both the frameworks of embodied and grounded cognition suggest
that perception and action are intertwined (Barsalou 2008; Wilson 2002), with
a tight relationship between the motor system and cognition. Nevertheless,
the exact mechanisms that mediate physical activity and learning are still
being debated (see, e.g. reviews by Barenberg et al. 2011 and Donnelly et al.
2017). Despite the prevalent awareness of the importance of movement and
play during childhood (Fisher et al. 2008) and repeated call for policy changes
in educational settings to promote movement during early years (Reilly et al.
2012), children in the western world do not move enough (Finger et al. 2018;
Gezondheidsraad 2017; Griffiths et al. 2013). The Energy Center, as included
in the Noplica playhouses, exemplifies one possible answer to this problem, as
it allows for active unsupervised play with ample opportunities for movement.

The Energy Center in the Noplica playhouse
The Noplica foundation designed a set of games to stimulate language learning (www.noplica.nl). The language games are combined into a playhouse, of
which prototypes have so far been installed in an orphanage in Maharashtra,
India, and at schools in Rotterdam and Nijmegen, the Netherlands. So far, a
Dutch and an English version of the playhouse have been created. The focus
of the research presented here was on one of the games of the Noplica playhouse, the Energy Center (see Figure 1).
The Energy Center is targeted for children aged between 2.5 and 6 years.
In this game, three children play together at a panel with three hand-bikes.
Upon movement of the bikes, the vocals of a children’s song start playing
(the same song for all children) and colourful LED lights indicate how much

Figure 1: Energy Center (set up in a language lab, not in a playhouse), with two
children playing and LED lights indicating the energy produced.
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energy each child produces, that is, how steady the child is cycling. Soon after
the cycling has started and after enough energy has been produced, the song
is accompanied by musical instruments. Each bike is associated with one
instrument for each song; that is, child A on bike 1 may produce the piano
for song I and the drums for song II and the trumpet for song III. The children
can cycle for as long as they wish and get exposed to a set of twenty different songs. The songs feature different topics and vocabulary and are sung by
male and female singers in a child-friendly way. During our informal observations at the prototypes, we saw children cycling eagerly, competing for the
LED lights to go higher and higher and becoming submerged in the songs.
Children also switched bikes during playing, cheered each other to cycle more
and were clearly enjoying the game.

The current study
The aim of the current set of experiments was to investigate whether the
Energy Center has a positive effect on children’s vocabulary in their second
language. That is, do children know more words after having cycled in the
Energy Center (Experiments 1 and 2) or listened to the songs of the Energy
Center (Experiment 3)?
Experiment 1 is a field study at a Dutch preschool with children that had
Dutch either as their first language, but were at risk of language delay (henceforth L1–at risk) or learned Dutch as a second language (henceforth L2).
Children had access to the Energy Center on the playground of their preschool
and listened to twenty Dutch songs. Before and after playing, a picture–word
matching task was run to investigate vocabulary growth.
Experiment 2 was run in a language laboratory in the Netherlands with
monolingual Dutch children who did not know each other prior to the beginning of the study. Children visited the lab in groups of three and cycled in
the Energy Center for approximately ten minutes. They were exposed to an
English version of the songs. Again, a picture–word matching task was run to
investigate whether the words featured in the songs of the Energy Center are
recognized better than two other sets of novel words.
Experiment 3 was run at an Indian orphanage with preschool children of
mixed-language background (mainly Hindi or Marathi). The design was the
same as in Experiment 2 (English children’s songs, picture–word matching
task); however, this time children only listened to the songs while sitting in a
circle, as the Energy Center was not yet installed at the field site.

EXPERIMENT 1: FIELD STUDY WITH PRESCHOOLERS IN THE
NETHERLANDS ACQUIRING DUTCH VOCABULARY
Method
Fourteen preschoolers (seven females, mean age 3 years, range 2.0–4.0 years)
were recruited from a Dutch day care and tested on their receptive vocabulary in Dutch before and after they had access to the Energy Center (Dutch
version). Five additional kids were excluded due to being absent either during
the post-test or the in-class activity. Participants had Dutch either as their
first language (L1 group, n=7) or as their second language (L2 group, n=7).
All children were diagnosed to be at-risk for language delays in Dutch, either
because they did not receive enough Dutch input in the past (L2 group) or
because they have (or are at risk of) speech language disorders of various
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kinds (L1 group). Henceforth the L1 group will be termed L1–at risk accordingly. Parents of participating children were informed about the aim and setup
of the study within a letter. Parents gave written consent prior to the start of
data collection. The pre- and post-test took place in a quiet corner within the
common group room of the children. The Energy Center was installed on the
playground of the day care. Children visited the Energy Center in groups of
three to four once a week over the course of six weeks. Each group would play
approximately ten minutes, so that each child accumulated an estimated average of 60 minutes of playing time in the Energy Center. The Energy Center
featured a set of twenty children’s songs with Dutch lyrics. The songs were
playing in random order. A subset of three songs was additionally played in
the classroom of the children for a single day. On this day, the three songs
were repeated three to five times in a passive to semi-passive listening context,
meaning that children were not listening attentively to the songs most of the
time. Before and after the six-week playing period with the Energy Center,
children were tested on their receptive vocabulary with a picture selection task
(pre-/post-test). Children were asked to point at the correct picture in a panel
of four pictures (30 trials, one per target word). Half of the target words came
from the songs that were only played in the Energy Center (n=15, Energy
Center context). The other half of the target words was featured in the three
songs that were played in the Energy Center and additionally in the classroom
(n=15, InClass context). The dependent variable was the difference in percentages of correct responses in the pre- and the post-test (vocabulary growth)
for the two learning contexts (Energy Center, InClass) and the two language
groups (L1–at risk, L2).

Results
Both language groups performed better during the post-test than during the
pre-test in both learning contexts (see Figure 2). The L2 group also benefitted
from the in-class exposure.
A non-parametric repeated-measures mixed 2 × 2 analysis of variance
(ANOVA) (Wilcox 2012; Wilcox and Schönbrodt 2014) on the factors language
status (L1–at risk, L2) and learning context (Energy Center, InClass) with
vocabulary growth as the outcome variable revealed a significant interaction between language status and learning context (F[1,7.2]=10.76, p=0.01):
the two language groups differed in the degree of vocabulary growth in the
two learning contexts. The interaction was followed up by Yuen’s t-tests on
trimmed means for the two language groups on the factor learning context. In
the L1–at risk group, there was no significant difference in vocabulary growth
between the learning contexts (Mdiff=–7.99 [–20.89, 4.89], Yt[4]=–1.72, p=0.16),
while in the L2 group there was a significant difference (Mdiff=10.66 [1.54,
19.80], Yt[4]=3.24, p=0.03).
Taken together, our results show that children benefitted from playing in
the Energy Center, as they knew more words during the post-test than during
the pre-test. For the L2 children, the benefit of playing in the Energy Center
increased by the additional exposure to a subset of songs of the Energy Center
in class. For the Energy Center to be successfully integrated into educational
practice, the language background of the target group has to be taken into
account.
The current experiment has two important methodological limitations:
one is the small sample size, which was determined by the tight educational
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Figure 2: Boxplots of vocabulary growth (post-test percentage correct minus
pre-test percentage correct) for the two language groups and learning contexts.
Thick lines denote group medians; Boxes denote first and third quartiles;
Whiskers denote 1.5 interquartile range; Single points denote outliers.
routines within the day care. The second limitation is the lack of a passive
control group. Preferably, another group of children would have been tested
that did not have access to the Energy Center at all. This would have allowed
us to compare the baseline growth in vocabulary of the control group with the
children who did play in the Energy Center.

EXPERIMENT 2: LAB STUDY WITH DUTCH PRESCHOOLERS
ACQUIRING ENGLISH VOCABULARY
Method
Thirty-four Dutch monolingual preschoolers (seventeen females, mean age
3.79 years, range 2.4–3.8) were tested on their English vocabulary with a
picture–word matching task after having played once in the Energy Center
(English version). An additional fifteen children were tested but excluded
from the analysis because they did not contribute at least half of the trials
for each condition in the picture–word matching task. Parents gave informed
written consent prior to data collection and were debriefed about the aim of
the experiment after testing. Children did not know each other prior to their
visit to the lab. Before playing in the Energy Center, children went through a
picture–word matching phase (in English) on a tablet PC: eighteen pictures
were shown consecutively on-screen. Each picture was either named (‘Look!
A bike! Touch it!’, ‘Look! A chair! Touch it!’) or not named at all (‘Look! How
nice! Touch it!’). After this matching phase, children played in the Energy
Center for as long as they wanted. The Energy Center featured two sets of
three songs each (version A, twelve children tested, and version B, 22 children
tested). The songs contained a subset of words from the matching phase (e.g.
bike). During the test phase, children saw a set of three pictures on a tablet
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Figure 3: Percentage of correct responses in the three experimental conditions of experiment 2.
Dashed line indicates chance level. Boxplots: thick lines denote group medians; Boxes denote
first and third quartiles; Whiskers denote 1.5 interquartile range.
PC and were asked to touch the correct picture. The pictures were distributed
across three conditions: novel = not named during the matching phase (e.g.
picture of a spoon); matching = named only during the matching phase of
the experiment (e.g. chair); and Energy Center = named during the matching
phase and in the songs of the Energy Center (e.g. bike).

Results
Children performed around chance level regardless of the experimental condition (see Figure 3).
A one-way repeated-measures ANOVA indicated no significant differences between the three experimental conditions (novel, matching, Energy
Center) (F < 1).

EXPERIMENT 3: FIELD STUDY IN INDIA WITH PRESCHOOLERS
ACQUIRING ENGLISH VOCABULARY
Method
Sixteen children (seven females, mean age 4.0 years) were recruited at the
campus of Snehalaya Foundation in Ahmednagar, India. Children mainly had
Hindi or Marathi as their first language and did not have English language
lessons in the past. However, they regularly overhear volunteers visiting the
campus speak English, and some children did know a couple of English words
(e.g. tree, selfie). The age of the children was estimated after consulting their
guardians due to a lack of official demographic information for this sample.
Data collection was part of an official collaboration between the Snehalaya
Foundation and Noplica, and the guardians of participating children gave
oral consent prior to data collection. Children were tested on two consecutive days. On day one, children executed the Peabody Picture Vocabulary Test
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(Dunn and Dunn 1997) to assess individual differences in English vocabulary.
On day two, children were tested in groups of three after they first listened to
three songs from the Energy Center (English version). Each song was played
three times. Children were sitting in a circle together with the researcher and a
teaching assistant. They were instructed to move and clap along to the songs.
After exposure to the songs, the matching phase began: the teaching assistant
introduced the English vocabulary of the songs by showing the group of children pictures of the target words. Like in Experiment 2, the target words were
distributed across three conditions: Energy Center songs (words being named
in the songs from the Energy Center and during the matching phase), matching (words only being named during the matching phase but not in the songs)
and novel (words not named at all). For the words in the song and matching
condition, the teaching assistant would name the target word several times
(e.g. ‘Look! A bike! Bike! Bike!’). For the novel words, the teaching assistant
held up the picture of the target word and only said ‘Look!, How nice!’. During
the test phase, children were tested individually. Like in Experiment 2, children now saw pictures of three target words at the same time and were asked
to point at the right picture (‘Show me the bike!’).

Results
Children performed better in the matching and Energy Center condition than
in the novel condition (Figure 4).
A non-parametric one-way repeated-measures ANOVA indicated a significant main effect of experimental condition (F[1.92]=4.40, p=0.01). However,
follow-up tests (using the ‘rmmcp’ function) revealed no significant differences
between conditions, probably due to the small sample size of the study.
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Figure 4: Percentage of correct responses in the three experimental conditions
of experiment 3. Dashed line indicates chance level. Boxplots: thick lines
denote group medians; Boxes denote first and third quartiles; Whiskers denote
1.5 interquartile range.
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GENERAL DISCUSSION
Taken together, the results of the three experiments are inconclusive, and we
will provide a more in-depth interpretation in the following. Note that the
small achievements observed (in Experiments 1 and 3) are comparable to
those of previous studies (Mavilidi et al. 2015). In Experiment 1, a benefit of
using the Energy Center was observed. Both L2 and L1–at risk children in a
Dutch day care correctly identified more words after exposure to the songs of
the Energy Center than before. It is unlikely that these words were acquired
outside of the Energy Center – for example, in the day care – as we controlled
the target words to be outside of the standard curriculum. While admittedly
Experiment 1 missed a passive control group of children who did not have
access to the Energy Center and featured only a small and heterogeneous
group of children, the results indicate that the Energy Center could be a valuable tool for language learning. In Experiment 3, which was run in an Indian
orphanage with L2 learners of English, performance was good on the words
used in the songs of the Energy Center; however, the achievements were
not better than for the words that only occurred in the matching phase. We
were thus unable to prove an additional benefit of hearing the target words in
the songs of the Energy Center. In Experiment 2, a well-controlled lab study
with L2 learners of English, performance was around chance level in all three
experimental conditions, rendering the results difficult to interpret.
There are important differences regarding the participants and the design
of our experiments, which have likely influenced the results: higher learning
outcomes were observed for healthy learners who already had some prior
knowledge of the target language (L2 learners in Experiment 1). For participants who only knew very few words in the target language (Experiments
2 and 3) or were at risk for a language impairment (L1–at risk children in
Experiment 1), learning from the Energy Center was more difficult. In terms of
design, participants in Experiments 1 and 3 benefitted from the fact that they
heard the songs of the Energy Center together with their peers in a familiar
environment. In Experiment 2, children did not know each other and only met
shortly before the test session started and were, therefore, less relaxed during
the task. Due to the participants being rather shy, participants in Experiment
2 also had the shortest time of exposure to the songs of the Energy Center, as
they preferred to stop cycling and proceed to the test phase. Finally, participants in Experiment 3 executed the matching phase right before the test
phase, as opposed to Experiments 1 and 2, where participants cycled in the
Energy Center between pre- and post-test (Experiment 1) or matching and
test phase (Experiment 2). Therefore, in Experiment 3, it might have been
easier to recall the items of the matching condition, due to the fact that these
items were more recently heard.
Moreover, children in the current study were facing a rather difficult task:
acquiring a set of novel words together with the words’ meaning as depicted
on an image. In addition to this challenging task, the functionality of the
Energy Center and its songs were unfamiliar to the children. This combination of the experimental task and the novel game caused a high cognitive
load under which the children had to process the content of the songs of the
Energy Center. In future studies, an easier experimental task should be used to
investigate the potential learning benefits of the Energy Center and its songs.
Songs are a natural context to teach novel vocabulary (Davis 2017; Engh
2013; Fonseca-Mora 2016), yet they are less ideal to acquire the meaning of a
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word (Schön et al. 2008). Instead, songs – just like poetry – allow for implicit
acquisition and retention of the acoustic structure of a foreign language
(Tillmann and Dowling 2007). Consequently, future studies should focus less
on the acquisition of word meaning and more on learning phonological word
forms in the Energy Center.
Another important future research topic pertains to the role of different
learning environments and different types of movement in learning from the
songs of the Energy Center. In the current study, participants in Experiments 1
and 2 were cycling independently in the Energy Center, while participants in
Experiment 3 were sitting in a circle with two instructors and clapping along
to the rhythm of the songs. The learning condition of Experiment 3 might be
more ideal to pick up linguistic information from the songs, due to the clapping being entrained to the rhythm of the songs (Tierney and Kraus 2014) and
the whole situation being more familiar and thus potentially less demanding
for shy learners (Hilton and Westermann 2017). However, this in-class listening condition also requires an instructor/teacher to guide the learners through
the songs and is rather static as children are sitting throughout the activity.
The Energy Center, instead, has been developed as an unsupervised learning environment with free movement. Its stand-alone setup does not require
a teacher or supervisor. While playing in the Energy Center, children also
freely move around the hand-bikes and initiate and terminate movements
upon their own will. The hand-bikes, in principle, also allow for rhythmic
entrainment to the song rhythms just like clapping would (Tierney and Kraus
2014). However, for children to benefit from the Energy Center, they might
need to cope with more noise in the environment (both auditory and visual).
This could be achieved by familiarizing the children to the learning environment through regular access to the Energy Center. During these visits, they
could get used to the movements, the songs and their lyrics. Once children
are provided enough repetition of the learning material and enough time to
play the game, successful learning is possible (van Zeeland and Schmitt 2013).

CONCLUSION
The Noplica Energy Center provides an enthralling combination of music and
movement and makes for a promising means for language learning in preschool
children. For the Energy Center to work best, it seems crucial for it to be integrated within the daily activities of children – for example, within a day care – so
that children can access the Energy Center over the course of several weeks.
Moreover, children should have some prior experience with the language that
is featured in the Energy Center. Once children can play the game regularly and
together with their peers, successful learning is possible. However, more wellpowered studies are necessary before firm conclusions can be drawn.
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