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Abstract: This study investigates the
impact of AI-generated music deliv-
ered through a social robot on sec-
ond language (L2) vocabulary reten-
tion and recall in children. Specifi-
cally, it explores whether songs gen-
erated by a generative AI music plat-
form, Suno, and presented via a so-
cial robot can enhance L2 learning
outcomes across different age groups.
Dutch-native or dominant children in
two age brackets (e.g., 7-8 and 10-
12 years old) participate in a sin-
gle experimental condition involving
interaction with a social robot that
sings AI-generated songs. Pre- and
post-intervention vocabulary tests are

used to assess learning effectiveness,
with controlled repetition and inter-
action settings. By comparing perfor-
mance between the two age groups,
the study aims to shed light on de-
velopmental differences in responsive-
ness to AI-supported multimodal lan-
guage instruction. The findings con-
tribute to understanding how artificial
intelligence and social robotics can be
effectively integrated into early bilin-
gual education.

1 Introduction

In an increasingly globalized world, multi-
lingual proficiency has never been more im-
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portant. Children, who exhibit a remark-
able capacity for language acquisition dur-
ing their early developmental years, are es-
pecially well-suited for L2 learning [14]. As
educational technologies continue to advance,
their integration into language learning envi-
ronments offers new and exciting opportuni-
ties [35], particularly through the use of artifi-
cial intelligence (AI) and social robotics [32].
This thesis explores how AI-generated mu-

sic, when combined with social robot interac-
tion, can influence the recall and retention
of L2 vocabulary in children. While social
robots have been studied in educational con-
texts, especially in language acquisition, the
use of AI-generated music alongside robot in-
teraction is a novel and largely unexplored
area.
L2 learning refers to acquiring a language

beyond one’s native tongue. In children, this
process benefits from early cognitive flexibil-
ity and exposure to rich, engaging input [14].
Vocabulary is a key starting point, as it sup-
ports later language development and is eas-
ier to measure in young learners [24]. Re-
search shows that multimodal input, such as
visuals, gestures, and music, can enhance L2
learning by making words more memorable
and meaningful [5]. This aligns with theories
like Krashen’s Input Hypothesis, which em-
phasizes the importance of understandable
and slightly challenging input for language
acquisition [14].
Prior research on child-robot interaction

highlights how robots can function as effec-
tive language tutors for young learners [32].
Focusing on key design features for robot tu-
tors, such as peer-like interactions, tempo-

ral∗ and semantic contingency, joint atten-
tion, and gestures, has proven important for
supporting language learning.

Additionally, the effectiveness of social
robots in engaging children and providing
personalized, multimodal learning experi-
ences has been highlighted [16]. These stud-
ies underline the potential of robots to sup-
port language learning through interaction,
gesture recognition, and adaptive feedback.

Other studies have explored how robots
can use non-verbal cues, such as gestures,
to enhance vocabulary learning [7]. It has
been emphasized that gestures can signif-
icantly improve children’s engagement and
help them better retain new vocabulary by
providing multimodal learning cues that re-
inforce verbal input.

Moreover, it has been examined how robots
can support language learning through in-
teractive storytelling [12]. Illustrating that
robots can engage children in more com-
plex language tasks, such as storytelling, and
can adjust their prompts to encourage richer,
more elaborate responses. This capacity for
dynamic interaction makes robots powerful
tools in fostering language production, in ad-
dition to vocabulary acquisition.

Parallel to advancements in robotics, mu-
sic has long been recognized for its posi-
tive impact on children’s education. Studies
have shown that music enhances memory re-
tention, aids in language development, and
fosters emotional engagement [13]. Despite
this, the use of AI-generated music specifi-

∗Definitions for italicized terms can be found in
the Appendix A, Glossary.
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cally for language learning has not yet been
thoroughly explored.
One key advantage of incorporating AI-

generated songs into L2 learning is that it
poses a significant advantage over human
teachers. Unlike traditional methods where
teachers must manually create educational
songs or rely on pre-made content, AI sys-
tems can generate personalized songs on the
spot, tailored to each child’s learning needs.
This not only makes learning more engag-
ing but also allows for rapid customization of
the content. Ensuring that each child receives
the most relevant and effective learning expe-
rience possible. This level of personalization
and speed is difficult to match by human tu-
tors, offering a unique and scalable solution
for educational environments.
Taken together, these studies collectively

provide a foundation for the current research,
demonstrating how social robots and AI can
be integrated into language learning envi-
ronments to enhance retention and recall in
young learners. Yet, the intersection of AI-
generated music and social robot interaction
in this domain remains relatively unexplored,
marking a significant gap this study aims to
address.
Consequently, this research investigates a

new approach to enhancing L2 vocabulary
retention by integrating AI-generated songs
into the interactions with a robot.

The research question this study seeks
to answer is: Do children aged 7-8
and 10-12 recall and retain a greater
amount of English vocabulary after
interacting with a social robot that

uses AI-generated music, and does the
amount of recalled and retained differ
between the two age groups, and if so,
in what direction?

The significance of this research lies in the
fact that the integration of AI-generated mu-
sic and social robots for L2 acquisition in chil-
dren remains largely unexplored. While the
use of social robots in education has been ex-
plored, particularly in language acquisition,
the combination of AI-generated music with
robot interaction is a novel approach.

The upcoming parts discuss the impact of
AI-generated music and social robot inter-
action on children’s recall and retention of
L2 vocabulary using an experimental design
with two groups: Robot + AI-Generated Mu-
sic, for the age groups 7-8 and 10-12. Pre-tests
and post-tests are used to measure vocabu-
lary retention.

The remainder of this thesis begins by de-
scribing the experimental setup, including
participant characteristics, test procedures,
and task design for each age group. Then the
intervention components are outlined, such as
the cross-linguistic similarity analysis of vo-
cabulary items, the AI-generated song, and
the robot’s beat-synchronized movements.
The results section presents the impact of the
intervention on vocabulary recall and reten-
tion, followed by a discussion of the findings,
limitations of the study, and directions for fu-
ture research.
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2 Methods

This section presents the methodological
framework used to investigate the effect of
AI-generated music and social robot interac-
tion on children’s recall and retention of En-
glish L2 vocabulary. The study employed a
pre-test and post-test design to evaluate vo-
cabulary gains after exposure to the experi-
mental intervention.
To ensure the validity of the vocabulary as-

sessments, a cross-linguistic similarity analy-
sis was performed. This step was necessary to
control for the possibility that children might
guess the meanings of English words based on
phonological and semantic similarities with
words in their native language. A detailed ex-
planation of this analysis is provided in Sec-
tion 2.2.
The intervention included a custom edu-

cational song generated using Suno, a mul-
timodal AI-based song generation platform
[1]. This song was designed to incorporate
the target vocabulary in a musically engaging
and age-appropriate format. The process of
generating the lyrics and melody is described
in Sections 2.4-2.6.
To enhance the interactive experience, the

robot was programmed to gesture and move
in synchrony with the music. Although a brief
overview of gesture use is included here, fur-
ther technical details are provided in the Ap-
pendix: B Gesture Implementation.
Robot dance movements were synchronized

with the beat of the AI-generated song using
beat detection algorithms to ensure a natural
and engaging presentation, Section 2.7.
Together, these components formed a mul-

timodal learning experience aimed at maxi-
mizing children’s engagement and supporting
vocabulary acquisition in a playful and mean-
ingful context.

2.1 Experimental Setup

2.1.1 Participants

The experiment involved two groups of chil-
dren: Group 1, aged 7–8 years, and Group
2, aged 10–12 years. The groups consisted
of 8 and 7 children, respectively, resulting
in a total of 15 participants. Group 1 had
an equal gender distribution (4 males, 4 fe-
males), while Group 2 consisted of 3 males
and 4 females.

Participants were recruited through volun-
teer schools in the Groningen region of the
Netherlands. Group 1 attended a primary
school, while Group 2 attended a Sunday
school. The participants from Group 2 and
were enrolled in various regular schools dur-
ing the week. Parental consent was obtained
through ethically approved consent forms,
and all data were anonymized. Socioeconomic
background information was not collected.

Prior to participation, each child com-
pleted a short questionnaire (see Appendix
C, Section: C.1) to determine their language
background. They were asked whether they
were native Dutch speakers and whether they
spoke any additional languages at home. All
participants reported Dutch as their first lan-
guage. While three children in Group 1 and
three children in Group 2 indicated bilingual
proficiency, with additional languages includ-
ing Syrian, Arabic, Somali, and French. It
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was unknown whether any children had re-
ceived prior formal English instruction. Ad-
ditionally, little was known about the partic-
ipants’ prior English proficiency levels, as we
did not have access to the curriculum details
from their schools. English proficiency levels
were estimated based on observations during
a guest lecture conducted prior to the study.
This information can provide valuable in-

sights regarding possible confounding vari-
ables. Cross-linguistic similarity was assessed
between the languages Dutch and English,
so the cross-linguistic similarity between En-
glish and one of the mentioned languages spo-
ken by the bilingual participants could possi-
bly influence the results.

2.1.2 Pre- and Post-Test Procedure

To assess the recall and retention in L2, both
groups completed a pre-test before the in-
tervention and a post-test afterwards. 10 vo-
cabulary items were present in each groups
pre-/post-tests. The vocabulary tests were
designed to be slightly above the children’s
current English proficiency to better assess
their ability to recall new words [33], (see Ap-
pendix C, Sections: C.2 & C.3).
For Group 1, who were beginner learners,

the test was adapted from A1–A2 vocabu-
lary lists provided by the British Council
[4]. For Group 2, a B1-level vocabulary test
was adapted from English Grammar and Vo-
cabulary Exercises [9]. The test focused on
descriptive vocabulary related to people for
the B1 level, whereas for the A1–A2 level,
kitchen-related vocabulary was used. All vo-
cabulary items were chosen based on two cri-

teria: minimal cross-linguistic similarity be-
tween English and Dutch to reduce the like-
lihood of correct guesses based on phonetic
overlap, and appropriateness for the respec-
tive proficiency levels (A1–A2 for Group 1,
B1 for Group 2).

2.1.3 Task Design by Age Group

For Group 1 (7–8-year-olds), a picture-
pointing task was used to measure receptive
vocabulary knowledge. Children listened to a
spoken word and selected the corresponding
image from a set. This method is develop-
mentally appropriate for young learners as it
reduces cognitive demands by avoiding read-
ing and written responses. Instead, it focuses
on receptive language skills, which typically
precede productive skills [5]. Picture-pointing
tasks are widely accepted in early language
assessment for their engaging nature and abil-
ity to reduce test anxiety, thus promoting
more accurate responses [8]. Multiple-choice
formats were avoided to eliminate reading-
related confounds and guessing biases [25].
For Group 2 (10–12-year-olds), a fill-in-the-

gaps task was administered. This required
participants to complete sentences by select-
ing appropriate target words from a provided
word bank. This format was chosen to assess
productive vocabulary skills, which are more
appropriate for intermediate learners at the
B1 level [24]. By offering a limited word bank,
the task balanced cognitive load and open-
ended recall demands, supporting lexical ac-
cess and contextual understanding [18]. This
method also reduces guessing compared to
multiple-choice formats and provides a more
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ecologically valid assessment of vocabulary
knowledge [27, 30, 25].

2.1.4 Intervention Phase

The full experimental session lasted no more
than 10 minutes and was conducted with
groups of children. During the robot interac-
tion, participants were divided into groups of
four and seated in a half-circle approximately
one meter from the robot. Immediately af-
ter the pre-test, participants interacted with
a social robot, the Alpha Mini ( see Figure
2.1) (provided by the University of Gronin-
gen).The robot briefly introduced itself in
Dutch and described the activity before deliv-
ering the intervention: a custom AI-generated
educational song introducing the target vo-
cabulary in an engaging musical format. The
intervention song was played on vloume 5 and
lasted approximately 2-3 minutes. Following
the song, children participated in a filler ac-
tivity where the robot danced and sang a dif-
ferent (non-educational) song, which lasted
about 3 minutes. This filler activity was iden-
tical for both groups and aimed to main-
tain engagement while reducing any imme-
diate memory effects associated solely with
rote repetition or test preparation. The post-
test was administered immediately after the
filler activity.
Both groups were tested at approximately

10 a.m. on separate days in a quiet classroom
environment to ensure consistency across ses-
sions. Care was taken to ensure that each
group received identical instructions and sup-
port throughout the procedure. No additional
learning materials or external aids were intro-

duced during the session, and all interactions
were standardized to control for variation in
delivery. This controlled setting aimed to iso-
late the effects of the intervention and reduce
potential confounding factors such as time of
day, setting, or teacher influence.

Figure 2.1: Alpha Mini Robot

A visual overview of the experimental pro-
cedure can be found in Figure 2.2, which out-
lines the sequence from pre-test to interven-
tion and post-test.
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Figure 2.2: Experimental Procedure

2.2 Cross-Linguistic Similarity
Analysis

The list of words within the pre- and post-
tests was subjected to a cross-linguistic sim-
ilarity analysis using a system pre-trained
with multilingual word embeddings. This was
done to assess the possible orthographic and
semantic overlaps of each English test vocab-
ulary with its Dutch equivalent.

In cross-linguistic vocabulary acquisition
studies, cognates, words that share similar
forms and meanings across languages due to
common etymology (e.g., English “orange”
and Dutch “oranje”), can significantly distort
L2 vocabulary assessment results [28]. When
learners encounter cognates, they may cor-
rectly guess meanings based on L1 knowledge
rather than demonstrating actual L2 recall,
leading to inflated performance scores that do
not reflect true learning gains. By identifying
and minimizing such cross-linguistically sim-
ilar items, we aimed to ensure that the test

items required actual learning rather than in-
ference from L1 knowledge.
The procedure used for the cross-linguistic

similarity analysis:

1. Word Selection: Vocabulary items
from two proficiency levels were selected.
Each English word had a corresponding
Dutch translation based on test materi-
als.

2. Embedding Model: We used the mul-
tilingual version of fastText word em-
beddings [2], which represent words from
different languages in a shared vector
space. These embeddings capture both
orthographic (visual form) and semantic
(meaning) similarities based on distribu-
tional patterns learned from large multi-
lingual corpora.

3. Similarity Computation: Each
English-Dutch word pair was embed-
ded into a 300-dimensional vector
space. Cosine similarity was computed
between each pair to quantify their
cross-linguistic similarity, using the
formula:

similarity(A,B) =
A ·B
|A||B|

Where A and B are the embedding vec-
tors for the English and Dutch words,
respectively.

Similarity values range from -1 to 1, where
values closer to 1 indicate higher cross-
linguistic similarity (potentially problematic
cognates or near-cognates), and values near 0
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indicate minimal similarity. To minimize the
potential for cross-linguistic transfer effects,
only word pairs with similarity scores below
0.2 were retained. This conservative threshold
was chosen to exclude potential cognates and
semantically transparent items that could be
easily guessed based on L1 knowledge. Neg-
ative values were retained as they indicate
dissimilar word pairs, which aligns with our
goal of testing actual L2 vocabulary acquisi-
tion rather than cross-linguistic inference.
The resulting values for the two tests can

be observed below:

Figure 2.3: Cross-linguistic Similarity
Scores for A1-A2 Level Vocabulary Test
Items

Figure 2.4: Cross-linguistic Similarity
Scores for B1 Level Vocabulary Test
Items

As shown in Figures 2.3 and 2.4, all sim-
ilarity scores for both final test sets fall be-
low the 0.2 threshold, confirming that the se-
lected vocabulary items have minimal cross-
linguistic similarity and are unlikely to be
correctly guessed based on Dutch knowledge
alone.

2.3 Gesture Implementation
During Robot Introduction

At the start of the experiment, the Alpha
Mini robot used a combination of beat and
iconic gestures during its self-introduction
and explanation of the activity. Beat gestures
were synchronized with prosodically stressed
words to enhance speech rhythm and engage-
ment, while iconic gestures were triggered
by specific semantic content (e.g., waving for
greetings, pointing for self-references).

Beat gestures were timed to coincide with
stressed syllables, while iconic gestures were
mapped to specific keywords in the robot’s
speech.

All gestures were designed to be subtle
and proportional to the robot’s size to main-
tain naturalness and avoid distracting from
the verbal content. The multimodal approach
aimed to support communicative effective-
ness and increase perceived social presence
during the robot’s initial interaction with the
children. See the Appendix for a detailed ex-
planation of the implementation.
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2.4 AI-Generated Educational
Song

To generate the educational songs used in
this experiment, the Suno app (version v4)
was employed. Suno is a state-of-the-art AI
music generation platform capable of pro-
ducing complete musical compositions from
text prompts, including lyrics, melodies, har-
monies, and instrumental arrangements [1].
Version v4 was selected for this study due to
its improved coherence and stylistic flexibil-
ity, which are essential for creating engaging
and developmentally appropriate content for
young second-language learners.

2.5 Custom Lyric Development

Although Suno can generate lyrics automati-
cally, custom-written lyrics were used for this
experiment. Preliminary trials revealed that
Suno’s automatically generated lyrics were
often too complex in vocabulary and syntax
for children at A1–A2 and B1 CEFR lan-
guage levels, featuring abstract concepts and
advanced grammatical structures unsuitable
for beginner and intermediate learners. To
ensure pedagogical appropriateness, all lyrics
were manually crafted using a controlled vo-
cabulary that directly aligned with the tar-
get words featured in the pre- and post-tests.
The lyric development process involved sev-
eral stages:

1. Initial ideation: ChatGPT-4 Turbo
was used to generate preliminary ideas
for choruses and verses incorporating the
target vocabulary items.

2. Simplification: Generated content was
simplified to remove complex sentence
structures, abstract metaphors, and id-
iomatic expressions inappropriate for the
target proficiency levels.

3. Manual composition: Final lyrics
were adjusted manually, emphasizing
simplicity, repetition, and contextual
clarity to reinforce target vocabulary
through short, grammatically accessible
constructions.

4. Pronunciation optimization: Lyrics
were refined to ensure clear pronuncia-
tion when rendered by Suno’s vocal syn-
thesis, as complex structures often re-
sulted in unclear or distorted audio out-
put.

Each target vocabulary item appeared multi-
ple times throughout the songs to maximize
exposure and reinforce learning through rep-
etition.

2.6 Musical Style Selection

To align with children’s musical preferences,
songs were generated using the style prompts
“Pop”, “Fun,” and “Dance.” This selection
was based on established research on musical
preferences in the target age groups. Research
indicates that children begin showing clear
preferences for pop music around age 8, with
earlier ages (5-7 years) showing broader genre
acceptance [11]. This trend is supported by
Szabó et al. [31], who surveyed over 1,100 stu-
dents aged 9-19 and found that accessible pop
music was the dominant preference among

9



children aged 9-12, largely due to exposure
through school and family environments.
The selected style tags were intended to

enhance song appeal and increase the like-
lihood of sustained attention, emotional en-
gagement, and motivation during the vocab-
ulary learning activity. Two separate songs
were created: one incorporating the A1-A2
vocabulary for Group 1, and another incor-
porating the B1 vocabulary for Group 2.
Two versions of the song were generated,

one featuring a female voice and the other
a male voice. To maintain fairness across
groups, the female-voiced version was chosen,
as the male-voiced version typically conveyed
a more downbeat tone.

2.7 Synchronized Robot Dance

To enable the robot to dance in synchrony
with the AI-generated music, beat detection
techniques were employed to extract rhyth-
mic cues from the audio and map them to
pre-defined dance routines. This ensures that
the robot’s movements are timed to align
with the beat of the song, rather than being
arbitrarily timed.
The synchronization process is performed

using the Librosa library, which is a powerful
Python toolkit for music and audio analysis
[20]. The process begins by loading the target
audio file, which returns both the audio time
series and the sampling rate. The tempo is
then estimated in beats per minute and de-
tects the positions of beats within the audio,
which is represented as frame indices. These
beat frames are subsequently converted to
time values (in seconds), providing a sequence

of timestamps that correspond to the rhyth-
mic pulse of the song.
During execution, these beat times are

used to synchronize predefined dance move-
ments with the music. The robot’s dance
routines consist of simple head and arm
movements, chosen specifically to avoid dis-
tracting the child during the interaction.
Robot’s dance routines, defined as sequences
of joint movements, are scheduled to start in
alignment with specific beats, ensuring that
the performance is rhythmically synchronized
with the song. This method allows the robot
to “dance” in time with music based on pre-
cise beat detection rather than arbitrary tim-
ing.These timestamps are saved for later use.
Figure 2.5 shows an outline of the process.

Figure 2.5: Beat Analysis &
Synchronized Moves

3 Results

This section presents the intervention out-
comes for two age groups: 7–8 years (Group
1, n = 8) and 10–12 years (Group 2, n = 7).
Paired-samples t-tests served as the primary
analysis, with Wilcoxon signed-rank tests and
bootstrap confidence intervals providing ad-
ditional validation.
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The Figure 3.1 displays the boxplots com-
paring pre- and post-test distributions for
both groups. Group 1 shows minimal change
with greater variability compared to Group
2. While Group 2 demonstrates a clear up-
ward shift in scores with the median increas-
ing from 5.0 to 7.0 points.

Figure 3.1: Box Plots for Pre- and
Post-Test Scores of Group 1 and Group 2

Figure 3.2 below presents the complete de-
scriptive statistics for both groups. Group 1
demonstrated minimal change between pre-
test (M = 6.12, SD = 3.22) and post-test (M
= 6.87, SD = 2.80) phases. Group 2 showed
improvement from pre-test (M = 5.2, SD =
2.56) to post-test (M = 6.0, SD = 2.29), with
the median increasing from 5.0 to 7.0 points.

Figure 3.2: Descriptive Statistics

Primary Statistical Analysis: Paired-
samples t-tests revealed no significant im-
provement for Group 1: mean difference =

0.75 points, 95% CI [–0.65, 2.15], t(7) = 1.27,
p = .244, Cohen’s d = 0.24, 95% CI [–0.17,
0.65]. For Group 2, results indicated statis-
tically significant improvement: mean differ-
ence = 1.43 points, 95% CI [0.25, 2.61], t(6)
= 2.97, p = .025, Cohen’s d = 0.58, 95% CI
[0.12, 1.03].
Sensitivity Analyses: Bootstrap confi-

dence intervals (10,000 resamples) supported
the primary findings: Group 1 showed mean
difference = 0.75, 95% CI [–0.36, 1.75];
Group 2 showed mean difference = 1.43, 95%
CI [0.57, 2.29]. Wilcoxon signed-rank tests
yielded consistent results: Group 1, V = 10.5,
p = .375; Group 2, V = 0, p = .057.

Figure 3.3: Overall View Of The
Statistical Results

In summary, the intervention had a statis-
tically significant and practically meaningful
effect for older children (10–12 years), with
consistent results across the statistical meth-
ods used. The younger group (7–8 years) did
not show a reliable improvement.

4 Discussion

This study was designed to explore whether
a combination of an AI-generated song and
a social robot could support the learning of

11



L2 vocabulary in children. In relation to the
research question, both age groups displayed
a positive trend in post-test scores compared
to pre-test scores, suggesting that the inter-
vention had some beneficial effect on vocabu-
lary retention. However, only the older group
(10–12 years) showed a statistically signifi-
cant improvement, indicating that age may
moderate the effectiveness of this multimodal
learning approach. Also displaying no dras-
tic differences in the pre- and post-test scores
of only Dutch speaking and bilingual partic-
ipants.
One possible explanation for the age-

related difference is the developmental vari-
ation in cognitive capacities such as work-
ing memory, attention span, and metalinguis-
tic awareness. This may be an aiding fac-
tor in vocabulary acquisition during auditory
tasks [10]. Explaining the somewhat higher
post-test scores observed in the older group.
This aligns with Krashen’s Input Hypothe-
sis, which posits that learners acquire lan-
guage most effectively when exposed to input
slightly above their current level. The older
group may have been more capable of pro-
cessing and retaining such input, especially
when delivered in an engaging, musical for-
mat.
It is also likely that the older participants

had greater familiarity with formal testing,
allowing them to focus more effectively dur-
ing the post-test. In contrast, the younger
group may have found the testing environ-
ment more cognitively demanding, or the
tasks may have been developmentally mis-
aligned despite efforts to tailor them to age-
appropriate formats. These findings suggest

that intervention success depends not only on
content but also on the match between task
format and developmental stage.
The use of music in L2 learning has been

shown to aid memory through structured rep-
etition, rhythm, and emotional engagement
[22, 26]. While the AI-generated songs in this
study were customized for vocabulary align-
ment and age appropriateness, it remains un-
clear whether the musical style or structure
optimally supported learning for both age
groups. Children’s engagement with the song
likely varied depending on their personal mu-
sical preferences, emotional response, or fa-
miliarity with similar music genres.
Additionally, the presence of a social robot

may have amplified the learning experi-
ence by enhancing perceived social presence,
which is known to improve engagement and
memory [32]. However, because the music
and robot were presented simultaneously, this
study cannot isolate whether learning gains
were due to the musical component, the
robot, or their combined effect.
Moreover, while the AI-generated song was

designed to be engaging and educational,
it remains uncertain whether this specific
prompt formulation or musical style aligned
well with the children’s preferences. Chil-
dren’s enjoyment, motivation, and willing-
ness to engage likely play a significant role
in vocabulary acquisition, and future stud-
ies could explore which types of musical
prompts or narrative formats children re-
spond to most positively. This could include
varying rhythm, repetition, visual supports,
or emotional tone.
Finally, while the intervention showed
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promise, individual differences such as prior
English exposure, language aptitude, and
comfort with technology could have influ-
enced the results. These factors were not for-
mally assessed but may have contributed to
performance variability across participants.

5 Limitations

This study has several limitations that should
be acknowledged. The most significant is the
small sample size (N = 15), which limits sta-
tistical power and the generalizability of the
findings. While some group-level trends were
observed, they should be interpreted cau-
tiously given the potential for variability due
to individual differences.

Second, the experimental design combined
the robot and the AI-generated song into
a single intervention without control condi-
tions, making it impossible to isolate the spe-
cific contributions of either component. This
limits our ability to determine whether learn-
ing gains were primarily driven by musical in-
put, social interaction, or their combination.

Third, the two age groups were exposed
to different songs and vocabulary test items,
introducing a confound that prevents direct
comparison between them. Although efforts
were made to match task difficulty to age-
appropriate levels, this difference in materials
may have influenced group-level outcomes.

Fourth, while the AI-generated song was
customized for vocabulary alignment, its mu-
sical structure and delivery style were not for-
mally evaluated for developmental suitability
or learner preference. It is unknown whether

the selected musical genre, tempo, or vocal
style was equally effective across age groups.

Fifth, children’s prior exposure to English
and individual language proficiency were esti-
mated informally and not directly measured.
This lack of baseline control may have in-
troduced variance unrelated to the interven-
tion. Notably, the boxplots revealed greater
variability in Group 1’s scores compared to
Group 2, suggesting that the younger group
had more heterogeneous English proficiency
levels. This could reflect differences in infor-
mal exposure, home language environment,
or readiness for vocabulary learning tasks.

Finally, key affective and behavioral vari-
ables, such as engagement, enjoyment, and
motivation, were not systematically mea-
sured. These factors likely mediate the effec-
tiveness of music- and robot-based learning
and could help explain individual differences
in learning outcomes.

6 Future Work

To better understand the mechanisms be-
hind the observed learning gains, future stud-
ies should adopt a controlled experimental
design that separates the effects of music
and robot interaction. Specifically, three ex-
perimental conditions are recommended: (1)
robot + AI-generated song, (2) robot + ver-
bal vocabulary explanation (no song), and (3)
speaker + AI-generated song (no robot). This
would allow researchers to isolate the individ-
ual and combined effects of musical input and
social presence on L2 vocabulary acquisition.

Second, the role of specific musical fea-
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tures, such as rhythm, repetition, emotional
tone, and melodic structure, should be sys-
tematically investigated. These elements may
influence memory encoding and learner en-
gagement in distinct ways. It is also likely
that children’s musical preferences and famil-
iarity with certain genres affect their level
of attention and recall. Future studies could
compare different musical styles, emotional
tones, or delivery formats to identify what
combinations are most effective for different
age groups or learner profiles.

Third, long-term studies are needed to as-
sess the durability of the learning gains. Re-
tention tests administered days or weeks af-
ter the intervention would provide insights
into whether the observed benefits are sus-
tained over time. Additionally, repeated ex-
posure across multiple sessions could help de-
termine whether continued engagement with
the robot and musical content enhances con-
solidation.

Finally, integrating qualitative measures,
such as interviews, enjoyment ratings, or ob-
servational coding of engagement, could pro-
vide richer insights into how children expe-
rience and respond to these interventions.
These methods would help capture emotional
and motivational factors that are not re-
flected in vocabulary test scores but are likely
critical for learning success.

7 Conclusion

This study provides preliminary evidence
that the combination of a social robot with
an AI-generated song can support vocabulary

learning in children. Improvements in post-
test performance suggest some educational
benefit, particularly for older learners. While
the effect sizes were modest, the results high-
light the potential of integrating multimodal,
interactive technologies into early language
instruction.
By combining musical input with em-

bodied interaction, the intervention reflects
a growing trend in educational technology
toward engaging learning experiences. The
robot provided social presence and gesture-
based cues, while the AI-generated music of-
fered repetition, rhythm, and contextual em-
bedding of vocabulary. These findings con-
tribute to the expanding field of technology-
enhanced L2 learning and demonstrate the
feasibility of using AI-driven tools in child-
centered pedagogical settings.
Despite its exploratory nature, the study

points toward scalable, adaptable approaches
to language instruction, particularly when
interventions are developmentally tailored.
Future iterations of this approach can fur-
ther optimize personalization, feedback, and
learner engagement based on age, proficiency,
and preference.
Overall, to answer the research question,

the findings suggest that both age groups,
children aged 7–8 and 10–12—demonstrated
improved English vocabulary recall and re-
tention after interacting with the social robot
enhanced by AI-generated music. However,
the older group showed greater gains in post-
test performance, indicating that age may in-
fluence the effectiveness of such interventions,
with older children benefiting more from the
multimodal input.
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A Glossary

• Temporal Contingency: Temporal
contingency refers to the timely and re-
sponsive interaction between the robot
and the child. This concept is critical in
ensuring that the child remains engaged
with the robot, as the interaction feels
natural when the robot responds quickly
to the child’s actions or speech.

• Semantic Contingency: Semantic
contingency emphasizes the importance
of the robot’s responses being aligned
with the child’s focus of attention.
It ensures that the robot’s answers
are relevant to what the child is cur-
rently engaging with, whether verbal or
non-verbal.

• Social Robots: Social robots are ma-
chines designed to interact with humans
in a way that mimics human-to-human
interaction. In this study, social robots
are used to engage children in second
language (L2) learning activities, provid-
ing interactive, personalized feedback.

• Beat Gestures: Small, rhythmic hand
movements that co-occur with speech,
typically marking prosodic stress or the
beat of an utterance. They do not carry
semantic content themselves but empha-
size spoken words.

• Iconic Gestures: Gestures that depict
or represent the form or movement of an
object, person, or action being described

in speech. They typically carry semantic
content related to the spoken word.

• Phonological Similarity: The degree
to which words or sounds share similar
pronunciations.

• CEFR: Common European Framework,
a standard used to describe language
proficiency levels.

• Cross-linguistic similarity analysis:
An examination of how words in differ-
ent languages may resemble each other
in form or meaning, potentially influenc-
ing language learning or word recogni-
tion.

Orthographic Overlap: The degree to
which two words share similar spelling
patterns or letter sequences. High ortho-
graphic overlap means the words look
similar in written form, which can in-
fluence word recognition, especially in
language learning or bilingual contexts.
Example: “house” (English) and “haus”
(German) have high orthographic over-
lap.

• Semantic Overlap: The extent to
which two words share similar meanings
or refer to related concepts. High seman-
tic overlap means the words are con-
ceptually similar, which can aid compre-
hension and recall across languages. Ex-
ample: “mother” (English) and “madre”
(Spanish) have high semantic overlap be-
cause they refer to the same concept.
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• Cognates: Words in two languages that
look and mean the same because they
come from the same original word. Ex-
ample: “animal” in English and “ani-
mal” in Spanish.

B Gesture Implemen-

tation

B.1 Beat Gestures

At the start of each group the robot in-
troduces the activity with a brief expla-
nation. During this, it uses two types
of gestures, beat and iconic gestures, to
make the interaction look as natural as
possible. The design of the beat ges-
tures aimed to create arms and com-
bined arm-head movements that closely
resemble human-like beat gestures. To
maintain a natural appearance, the ges-
tures were deliberately kept subtle and
proportional to the robot’s size, avoid-
ing exaggerated motions that might ap-
pear unnatural. Instead, the movements
were designed to be small, rhythmic, and
smooth, enhancing the expressiveness of
the robot while maintaining coherence
with its speech. This approach ensures
that the gestures effectively support ver-
bal communication without overwhelm-
ing or disrupting the interaction. Re-
search has shown that beat gestures con-
sisting of simple rhythmic movements
aligned with speech prosody, enhance lis-
tener comprehension, emphasize speech

rhythm, and increase speaker engage-
ment [21, 17]. In the context of robots,
well-timed, human-like gestures improve
perceived naturalness, social presence,
and communicative effectiveness [29, 15].

Stress words in speech are identified to
determine beat gesture placement using
a hybrid approach: LLM-based se-
lection and part-of-speech (POS)
tagging. Beat gestures typically align
with content words such as; nouns, verbs,
adjectives, and adverbs, as these of-
ten carry prosodic stress and seman-
tic load [21, 34]. However, speakers also
emphasize emotionally salient or con-
textually meaningful words, which are
not strictly limited to grammatical cate-
gories [6, 23]. Since such emphasis varies
by speaker and situation, we introduced
controlled randomness using a large lan-
guage model (Chat-GPT 3.5), which se-
lects keywords based on semantic and
emotional relevance [3, 19]. POS tagging
filters out stopwords and function words,
and a 7-word buffer between consecu-
tive gestures prevents overuse, making
the Alpha Mini robot look more natural.
Additionally, iconic gestures were given
priority and they override beat gestures
when they co-occur.

LLM-based selection prompts the model
to identify key words based on semantic
relevance and emotional weight.

Prompt = “Identify the MOST IMPOR-
TANT words that should be emphasized
with a small arm or head movement in
this text: {text}. Select at most 1 word
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per 9 words. Focus on words that carry
key meaning or emotion. Do NOT em-
phasize common nouns, generic verbs, or
function words. Return only a comma-
separated list of their positions in the
text starting from 0.”

Once the stress words and their corre-
sponding indices are identified, beat ges-
tures are assigned from a predefined set
of motion patterns. To introduce vari-
ation, different beat gestures are ran-
domly shuffled, cyclically dis- tributed
across stress words.

During execution, the speech and gesture
sequences are run in parallel. The robot
first initiates its default stance before
dynamically adjusting its movements in
real time. After each gesture, the robot
returns to a neutral position to maintain
fluidity and prevent abrupt transitions.

This structured approach ensures that
the Alpha Mini robot produces synchro-
nized beat gestures that enhance speech
expressiveness while maintaining natu-
ral, human-like movements.

Iconic Gestures

The system incorporates a set of iconic
gestures to reinforce the semantic con-
tent of spoken utterances, enabling the
robot to express meaning not just
through speech but also through coor-
dinated visual signals. Iconic gestures
are defined as those that visually repre-
sent attributes of the objects or actions

they refer to, such as shape, direction,
or movement [21]. They serve a critical
role in multimodal communication, espe-
cially in human-robot interaction (HRI),
where they can enhance comprehension,
engagement, and naturalness [6].

In the current system, specific verbal
triggers are mapped to gesture templates
designed to resemble natural human ges-
tures. These mappings include:

Greetings (e.g., “hello,” “hi,” “bye”):
Initiate a waving motion, distinct from
the default robotic wave, with smoother
joint articulation and a shorter ampli-
tude to maintain subtlety.

Self-references (e.g., “I,” “me,”
“mine”): Trigger a pointing gesture
toward the robot’s chest or torso.

Direct references to the listener
(e.g., “you,” “your”): Cause the robot to
extend its arm outward to point toward
the presumed listener’s direction.

This selection is informed by findings
in gesture studies showing that point-
ing and waving are universally recog-
nized gestures in early language acqui-
sition and interpersonal communication
[36]. They are also frequently used in
robotic applications due to their clarity
and cultural consistency [29].

To synchronize gestures with verbal con-
tent, each associated word is assigned a
gesture onset time aligned with the be-
ginning of its phonetic realization. Ges-
ture templates are translated into mo-
tion sequences consisting of joint po-
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sitions and time-stamped frames, en-
abling the robot to execute movements
that are temporally coordinated with
speech. This alignment enhances coher-
ence, avoids unnatural delays, and sup-
ports the semantic saliency of spoken
words.

Moreover, prioritization rules ensure
that iconic gestures override beat ges-
tures when both coincide, reflecting their
greater semantic load and communica-
tive intent. By combining these rules
with smooth, size-proportional move-
ments, the system aims to strike a bal-
ance between expressiveness and natu-
ralness, minimizing the risk of uncanny
or distracting motion patterns.

C Vocabulary Tests and

Questionnaire

C.1 Questionnaire

• Is Dutch your native language?

• If not, what is your native language?

• How many languages do you speak, and
what are they?

C.2 Group 1: A1–A2 Vocabu-
lary Pre/Post-Test
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Vocabulary: Kitchen 

Do these exercises to help you learn words for things you find in the kitchen.  

 

1. Check your vocabulary: picture matching  

Write the correct word in the box below the picture.  

bowl table cupboard cup 

knife chair cooker plate spoon 

 

    

    

    

    

 

   

 

     

 

 

 

 

 

 

 

sink
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C.3 Group 2: B1 Vocabulary
Pre/Post-Test
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B1 Describing People  TOP006 
 

Complete the sentences with an adjective from the box. 

 

        

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     amusing  -  careless  –  cautious  –  cheerful  -  greedy  -  healthy  –

                          polite  –   slim  -  tall  -  wealthy

1. My girlfriend likes to do sports and eat fresh vegetables. She doesn't smoke so she's a 

very  ___________________  person.

2. ___________________  people always want more and more. They are never satisfied with what 

they have.

3. Since she has gone on a diet and lost 10 kg she has become a  ___________________  young 

lady.

4. Nobody is more  ___________________  than my little brother. He never picks up anything and 

throws all his belongings around.

5. Dan and Benny are very  ___________________  when they cross the street. They are afraid of 

being hit by passing cars.

6. Nothing seems to make grandfather sad. He is such a  ___________________  person and 

smiles all the time.

7. Jack is not  ___________________  enough to be a basketball player. He's only 1.50 meters.

8. We taught our children to be  ___________________  and always say "please" and "thank you".

9. My uncle likes to tell jokes and entertain people. He's very  ___________________.

10. She has two cars, a large house and always wears the most expensive clothes. She 

seems to be very  ___________________.
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C.4 Group 1 Song Lyrics

This is the kitchen song!

A bowl holds the soup Put it on the
table, nice and neat. A cup is small, we drink
some tea, And the cupboard keeps things
tidy.

A knife can cut some bread or cheese,
A chair is used to sit A cooker is used to
cook our food. A plate to place our food,
And a spoon helps us eat soup.

The sink is where we wash plates, And
this is the kitchen song!

C.5 Group 2 Song Lyrics

Cheerful is feeling happy inside.

You smile and laugh and eyes open wide.

Careless is when you don’t take care.

You drop your stuff and leave it there.

Cautious means you take it slow.

You stop and think before you go.

Amusing is something that makes you
laugh.

Like silly faces and jokes.

Polite kids say “please” and “thank you.”

They’re kind and nice. Greedy means
you want too much.

You keep it all, not sharing much.

Healthy kids eat fruits, not fries

They play, they run, and feel just right.

Slim is when you are thin and healthy

You’re quick and light .

Tall is standing high and straight.

You reach up far, it feels so great!

Wealthy means you own a lot.

With toys and games, very rich
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