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Abstract
This research examines how to design social robots to support self-regulated learning skills for piano practice. More specifi-
cally, a social robot is used to provide feedback to children and initiate self-assessment. To assess the impact of this approach
on children’s motivation and performance, we conducted an experiment in a music school where 50 children practiced with
both a self-assessment and a non-evaluative robot. Results showed that when the children interacted with the self-assessment
robot they had highermotivation and better performance thanwhen they interactedwith the non-evaluative robot. Furthermore,
interaction effects were found between the robot conditions, the children’s learning stages, and their gender regarding their
motivation and rhythm performance. Overall, the study demonstrates a positive influence of robot-initiated self-assessment
on children’s musical instrument practice and provided insights for personalized child-robot interaction design.

Keywords Social robot · Music instrument practice · Self-regulated learning · Self-assessment strategy · Motivation ·
Performance

1 Introduction

The increasing interest in and utilization of robotics in var-
ious aspects of daily life has led to their implementation in
education settings. Research has demonstrated that the incor-
poration of robotics in education can improve cognitive and
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learning outcomes [6]. While the specific roles and functions
of robots in education may vary depending on the context,
their primary purpose is to enhance these outcomes [15].
Previous studies have shown that social robots can serve as
effective social support for children during music learning
[72], and can also provide feedback to support the develop-
ment of self-monitoring skills during educational activities
[33].

In order to becomeanexperiencedmusician, self-regulated
learning skills and continuous practice are required [45].
Self-regulated learning helps to develop skills such as the
ability to set goals, plan and organize tasks,monitor progress,
and evaluate and adjust one’s own learning strategies. When
students are able to self-regulate their learning, they are more
motivated, more independent, and better able to take own-
ership of their own learning. High-skilled and long-term
players have developed self-awareness, the use of appropri-
ate strategies, the ability to evaluate oneself, etc. [28, 41].
Arguably, encouraging self-regulation can help more play-
ers to become highly skilled.

Researchers that self-assessment is an important part of
learning music and a self-regulated learning activity [3, 59].
Boud and Falchikov (1989) define self-assessment as: ‘the
involvement of learners inmaking judgments about their own
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learning, particularly about their achievements and the out-
comes of their learning [11]. In addition to helping students
develop as musicians, external feedback (e.g., from teachers
or peers) is crucial for the self-evaluation process [73]. In
music education, teachers can encourage the use of forma-
tive assessment techniques like self and peer evaluation to
facilitate their assessments toward themselves. This can be
particularly useful in a classroom setting where students can
provide feedback to one another and to themselves under the
right conditions.

Developing the skill of playing a musical instrument
requires long-term practice, but young musicians may strug-
gle to maintain their motivation for repetitive practice.
Research has shown that inexperienced young players have
not yet developed the ability to evaluate their own progress
or use effective strategies in their practice [41]. Video record-
ings of these players’ at-home practice sessions revealed
that over 90% of the time was spent simply playing a piece
from start to finishwithout using any particular performance-
enhancing strategies [41]. The previous study has also shown
that a significant number of learners commonly selected very
low-level techniques for enhancing their performance and
that these techniques are typically adopted by people with
low levels of experience and are generally ineffective [28].
As a result, players with little experience tend to use inef-
fective techniques, whereas more skilled musicians are able
to use more effective methods when learning an instrument.
This difference in technique may be due to the varying levels
of self-assessment skills that children with different levels
of experience have. Children with lower levels of expertise
may not be able to accurately analyze their own abilities and
progress, which can prevent them from using the proper tech-
niques in learning.

Moreover, research has explored the role of personality-
related traits [14] and gender differences [29] in predicting
music-practicing behavior. Hallam (2017) discovered statis-
tical differences between boys and girls in the choice of
systematic practice tactics, concentration, and quick cor-
rection of mistakes [29]. Statistically significant gender
disparities were observed concerning the adoption of sys-
tematic practice strategies, with girls demonstrating a higher
inclination towards systematic approaches. Boys, on the
other hand, perceived themselves as having higher levels of
concentration. Additionally, girls reported a greater tendency
to promptly correct errors compared to boys [29].

Furthermore, researchhas shown that asmusicians progress
in their abilities, their sense of self-efficacy also increases.
Schunk [67] suggested that allowing students to self-assess
their own development can help them recognize their own
competence, which in turn, can promote their self-efficacy.
Previous research suggests that self-assessment treatments
can be an effective way of enhancing students’ self-efficacy.
This is crucial since one of the main indicators of student

achievement is self-efficacy [30, 70]. Combining this with
past research that showed social robots may increase chil-
dren’s motivation for practicing musical instruments [72], it
is reasonable to assume that implementing a self-assessment
strategy using a social robot will enhance students’ motiva-
tion and performance. Therefore, this study undertakes an
empirical experiment with children to determine whether a
social robot that facilitates self-assessment may positively
affect children’s motivation and performance.

In this paper, we described a within-subject experiment
conducted to compare children’smotivation andperformance
practicing in different robot conditions (i.e., self-assessment
robot and non-evaluative robot). 50 children practiced with
both a self-assessment robot and a non-evaluative robot
in random orders. Their motivation was measured by a
questionnaire while performance was measured through
evaluations of audio recordings. The results implied the pos-
itive effect of robot-initiated self-assessment on children’s
practice and design insights for personalized child-robot
interaction in musical education.

2 RelatedWorks

2.1 Self-regulated Learning andMotivation in Music
Learning

Self-regulated learning (SRL), also known as self-regulation,
is the process through which students independently acti-
vate and maintain cognition, attitudes, and behaviors that are
methodically geared toward achieving learning objectives.
For a long time, researchers in psychology and educational
environments have been interested in how people control
their own cognitive processes. For example, socio-cognitive
theory highlights how social factors may positively or nega-
tively influence how students consider their ability to request
assistance over time [4]. There are several models of self-
regulated learning, including those established by Boekaerts
[9], Borkowski [10], Pintrich [61], Winne [78], and Zimmer-
man [84]. Boekaerts [7, 8] proposed a model of adaptable
learning for the classroom that assigned appraisal a key role
in the SRL process. In 2000, Boekaerts and Niemivirta pro-
posed an expanded version of the adaptive learning paradigm
[10], which stressed the SRL process’ non-unitary feature.
The attributes of an effective strategy user or information
processor were established by Borkowski and his colleagues
(see, for instance [10]). They suggest that effective informa-
tion processing is the result of the successful implementation
of cognitive, motivational, personal, and situational ele-
ments. At about the same time, Pintrich created a broad
structure for SRL, which states that the four phases of SRL
are forethought, monitoring, control, and reflection [60]. On
the other hand, SRL is characterized as an event in the four-
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Fig. 1 Phases of self-regulated learning (Zimmerman, 1998, Zimmer-
man, 2000a)

stagemodel byWinne et al. [78, 80] and as ametacognitively
directed behavior that enables students to adaptively control
their use of cognitive techniques and strategies in the pres-
ence of a task, behavior is considered as an intrinsic aspect
of learning [79]. As its name implies, Bandura’s social cog-
nitive theory [5] serves as the foundation for Zimmerman’s
(1989, 1990a,b, 1998, 2000a) social cognitive model of self-
regulation [83, 84]. Zimmerman claims that self-regulation
is iterative in nature and involves three phases: forethought,
performance, and self-reflection (see Fig. 1, [84]). As was
previously said, scientists gave varied definitions of SRL, but
more notably, most of them agreed that SRL has a number
of different stages and sub-processes.

Self-regulation concepts are currently being applied to
academic learning and other types of learning, such as social
and motor skills [10, 85]. Research indicated that learner
skills and knowledge do not entirely explain student accom-
plishment [85], but rather components like self-regulation
and drive were significant and provided some of the impetus
for investigating academic self-regulated learning. Pintrich
argues that self-regulatory behaviors control interactions
between students and their surroundings and affect student
success [60, 62]. Similar ideas have also been discussed
by Zimmerman [83], who remarked that the social con-
text or the environment plays a significant role in students’
self-regulated learning (SRL). Learners evaluate their own
performance, and such evaluations serve as the foundation for
additional attempts to control their context, motivation, and
behavior. In order to exercise good self-regulation, students
must assess their own abilities, the learning environment, and
any modifications that will improve their performance. The
skills outlined above are particularly crucial for the devel-
opment of musical skills in the context of music learning,
which is a self-regulated learning activity.

For all facets of music learning and practice, SRL has the
potential to significantly improve the success of musical skill
learning [45]. In contrast, Ericsson suggested that the quan-
tity of intentional practice is the primary difference between
successful and failed learners during long-term instrument
learning to attain a high-level accomplishment [24]. Study-
ing to play an instrument involves long-term training to reach
high proficiency levels. Themajority of the research onmusi-

cians’ practicing has either tracked their actions [26, 49]
or measured the amount of conscious practice they under-
take [24]. Early theoretical applications of the SRL paradigm
have focused on howmuch youngmusiciansmight engage in
the types of SRL activities that unsupervised home practice
needs [42, 43].

As previously discussed, the social context and surround-
ings are also essential for self-regulated learning [83]. Pre-
vious research has demonstrated the significance of parental
involvement and peer support in children’s music learning
[16, 50]. Additionally, recent research has looked into how
social robots may encourage youngsters to practice their
musical instruments with social support [71, 72], suggest-
ing that social robots might be successfully incorporated
into children’s musical instrument training. An earlier inves-
tigation regarding social robots in self-regulated learning
environments has demonstrated the potential for using social
robots as sources of social support in self-regulated learning
[33].

2.2 Self-assessment in Music Learning

The case for the relationship between self-assessment and
self-regulated learning (SRL) is compelling (e.g., [3, 59].
According to Panadero et al. [58], depending on the SRL
assessments utilized, self-assessment treatments had a ben-
eficial influence on students’ SRL techniques with an effect
size ranging from modest to medium. Researchers have pro-
vided a number of definitions for “self-assessment," all of
which incorporate self-awareness and self-evaluation (e.g.,
[23, 57]).

However, the significance of self-evaluation has not been
clearly shown. According to Andrade’s assertion [3], in
order to develop self-evaluation skills, external feedbackmay
be required. And since the goal of feedback is to notify
changes to procedures and outcomes that deepen learning
and improve performance, the goal of self-assessment is to
produce feedback that supports learning and enhances perfor-
mance. This learning-oriented objective of self-assessment
means that it ought to be formative: self-assessment is prac-
tically useless if there is no possibility for modification
and correction. Recent debates over formative assessment
in music have centered on the possible learning advantages
of rubrics, self-reflection, and self and peer assessment along
with concreteways for fostering learning through assessment
[18, 19, 68]. Earlier research has applied various techniques
for implementing self-assessment strategies. The majority
of these complied with common sense in terms of the link
between self-assessment processes and the SRL phases,
which is that self-assessment happens at the last stage (i.e.,
when the learning task is completed) [51].

Self-assessment has been employed in a variety of circum-
stances in the domain of music education. It has been used to
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investigate creativity (for example, [63]), conducting ability
(for example, [82]), and teacher preparation (e.g., [54]). Self-
assessment has also been studied in the context of musical
performance. Empirical studies show that social interactions
(e.g., teacher-pupil-student)may improve the efficacy of self-
regulation [17]. On the other hand, researchers have not
yet paid as much attention to practice scenarios, despite
the fact that practice is among the most crucial aspects of
musical instrument learning. In the current study, we use
a social robot (Pepper) to initiate a self-assessment session
during children’s musical instrument practice. To assess the
benefits of the robot-initiated self-assessment, we also com-
pared it to a control condition in which the robot exhibited
identical behavior duringmusical practice except for the self-
assessment strategy. In other words, we made a comparison
between the self-assessment role and the non-evaluative role
of the social robot.

2.3 Gender Difference in Learning

The impact of gender differences on learning has been a pop-
ular topic for researchers in the past few decades. Earlier
studies have focused on learning styles [35], self-efficacy in
flipped classroom model [53], reading ability [47], teacher’s
stereotype [39, 52], teacher perceptions of students’ cogni-
tive skills [12], motivation [38, 46], and so on. Additionally,
researchers have also pointed out that compared to gender,
gender identity explains better the use of learning styles [69].

In the domain of music education, gender differences also
exist. First of all, there is already a difference in the choice
of musical instruments before they start the learning process.
Evidence showed that boys tend to choose drums, trombones,
and trumpets, while girls prefer to learn flute, violin, and
clarinet [1]. There could be instrument gender stereotypes
they got from their parents [20, 21]. Multiple studies have
found distinctive ways boys and girls engage with music,
such as competence beliefs [22] and performance in school
[2], in which girls have better scores. However, a study by
McPherson et al. concluded different results, in which they
found no significant difference between genders in com-
petence beliefs, but differences in importance, usefulness,
and task difficulties [44]. Moreover, researchers have also
reported that girls adopted more systematic strategies during
practice, boys concentrated better, and girls corrected their
errors more often [29]. And the difference changes over time
[77], for instance, a significant interaction effect was found
between gender and levels of expertise on their choice of
practicing strategies [29].

2.4 Research Questions and Hypotheses

After analyzing the literaturementioned above, the following
research questions were addressed in this study:

1. Howdoes a robot that initiates self-assessment, compared
to a non-evaluative robot, impact piano practicing?

2. How does a robot that initiates self-assessment influence
the motivation and performance of children of different
genders in different learning stages?

Based on earlier studies, self-assessment has the potential
to benefit motivation and learning outcomes during the learn-
ing process. Additionally, in an earlier study that compared
children’s motivation and performance while practicing with
different conditions (i.e., alone, evaluative robot, and non-
evaluative robot), we observed an interaction effect between
children’s learning stages and robot conditions [72], chil-
dren in different learning stages tended to have different
preferences for practice accompanies. Therefore, we propose
the following hypotheses: (H1) Children will exhibit higher
motivation and performance while practicing with the self-
assessment robot thanwith the non-evaluative robot. (H2)An
interaction effect will be observed between robot conditions
and children’s different learning stages.

The main goal of our experiment is to evaluate the effects
of the self-assessment session during robot-assisted music
practice. However, based on the literature, individual dif-
ferences, including personality traits and gender have an
effect on the use of learning strategies during music prac-
tice. Therefore, the second research question was raised as
an exploratory question based on the findings of our earlier
studies to investigate the effect of the player’s learning stage.
The long-term goal of this research is to design support for
learning strategies (self-assessment and monitoring) consid-
ering the effect of individual differences in music practice
based on personality, learning stage, age, gender, and others.

3 Methods

To answer the research questions, we conducted a within-
subjects empirical studywith children in a real-world setting,
i.e., a music practice room in a local music school, with the
role of the robot as the within-subjects factor. A detailed
description of the methodology of the study can be found in
the following subsections.

This study was conducted in three music schools in Eind-
hoven, Den Haag, and Veghel in The Netherlands to reach
enough participants. As the most popular musical instrument
among children and the easiest to adjust the difficulty lev-
els for the children, the piano was chosen to be the musical
instrument used in the study.

3.1 Participants

Fifty children (N = 50, 21 male and 29 female), aged from
eight to sixteen years old, participated in the experiment.
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Fig. 2 Age distribution of the participants

They were all currently taking piano lessons at the music
schools. The learning stages of the children varied from one
month to ten and a half years, which is indicative of their
level of expertise. All participants were able to understand
and finish the questionnaire by themselves.

To answer the second research question, children were
divided into three different learning stage groups during later
data analysis: beginners (n = 25), who have learned the piano
for less than two years; developing players (n = 16), who have
learned the piano for more than two years but less than four
years; advanced players (n = 9), who have learned the piano
for over four years. The division was made with suggestions
from two piano teachers, both of whom have been teaching
piano for over 15 years.

3.2 Experimental setup

Children practiced with the robot in the music school’s prac-
tice room (see Fig. 3). Even though the robot completed a
few of the interactions automatically (using the voice recog-
nition function of the robot), the Wizard of Oz approach was
used to conduct the experiment. Through the webcam, the
researchers could control the robot from a different room.
All of the sessions were recorded using a camera to docu-
ment what happened while the children practiced with the
robot.

3.3 Music Materials

To ensure that wewouldmeasure the effect of practicingwith
the robot on the children’s performance rather than their prior
experience, we provided each child with new music scores
that matched their ability for each session (two music pieces
were randomly assigned for the two sessions). These music
notes were also chosen to be short enough for the children to
learn and practice within a limited time frame. We created a
total of six pieces of music, two for each group of children at
different stages of learning (i.e., beginners, developing play-

Fig. 3 Experiment room set up

ers, and advanced players). These pieces were reviewed and
approved by two experienced music teachers to be suitable
for the three different levels.

3.4 Experimental Procedures

To address the research questions, this study used a within-
subject experimental design, in which all participants prac-
ticed with the robot under two different conditions (i.e., with
a non-evaluative robot and a self-assessment robot).

Upon arrival at the experiment location, a researcher pro-
vided the participants (i.e., children) with an explanation of
the process and reviewed the music notes to ensure that they
were suitable for the children’s skill level. Their parents were
asked to sign the informed consent form for the study. Fol-
lowing that, the participants and their parents were invited to
meet the robot in the experiment room for the introduction
session, in which the robot would introduce itself and play a
game with the participants to let them get familiar with the
robot. After the introduction session, the robot asked every-
one except the participants to leave the experiment room so
that they could start practicing together. Then, the practice
started. Each participant practiced for two sessions with the
robot that behaved differently in random orders. In the self-
assessment robot condition, the robot started the practice by
introducing new music notes and offering teaching videos.
Then the children started practicing. After each time they
finished one of the music notes, the robot gave compliments
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Fig. 4 Procedure of the
practicing session

and encouraged them to practice more (e.g., “Well done!
I’m still in your melody, could you please play more for
me? Thank you!”). During each session (around 15min), the
robot initiated a self-assessment process for the children three
times (see Fig. 4). First of all, the robot asked the children to
play the whole music piece, in the meantime, the robot also
recorded the performance of the children. After they finished
the performance, the robot played the recording of their per-
formance and asked them to score themselves on its tablet
from three different perspectives, which are pitch, rhythm,
and tempo, along with a justification of the scores. After the

children answered the questions, the robot offered comments
on their performance and asked them to practice more, which
is the end of the self-assessment process. At the end of each
session, the robot asked the children to fill in a questionnaire
that measured their motivation. Children took a ten to fifteen-
minute break before they started the second practice session.
There are three purposes of the break: firstly, children can get
a rest from the practice physically; secondly, it gives children
time to relax mentally so that they can have a fresh mind for
the new robot condition; thirdly, researchers could take this
time to change the shirt of the robot into another color. In
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Table 1 Motivation questionnaire questions

Source Dimension Question

FunQ Autonomy I knew what to do

I did this activity because I had to. (r)

I did this activity because I wanted to

Delight I was happy

I had fun

I want to do something like this again

Stress I felt angry. (r)

I felt sad. (r)

I felt bad. (r)

SIMS Interest I could focus easily

I think this practice is important

I did this activity because I wanted to

r: reversed items

addition, parents were asked to fill in a form that gathers
demographic information (e.g., gender, age, and how long
they have been learning piano.) about their children.

As for the non-evaluative robot condition, in order to bal-
ance the amount of interaction between children and robots
with the self-assessment robot condition, the robot also asked
the children to play the whole music piece three times dur-
ing each session. However, in this condition, the robot only
gave comments and compliments after the children played
the music piece and asked them to practice more. This role
was adapted from the design of a previous study [71], which
designed a non-evaluative role and an evaluative role for a
social robot.

3.5 Measurements

Children’smotivationwasmeasured by aquestionnairewhile
their performance was evaluated by two experienced music
teachers.

To create a reliable measurement of children’s motivation
during practice with the robot, we adapted questions from
the FunQ questionnaire, an instrument intended to measure
children’s fun during a learning activity [74] and the Situ-
ational Motivation Scale (SIMS), which is a brief measure
of situational motivation based on self-determination theory
[27]. We thus derived a questionnaire with four dimensions,
which are autonomy, delight, and stress from the FunQ ques-
tionnaire, and interest from the SIMS. All questions were
adapted to match children’s perceptions. This same ques-
tionnaire has been utilized in earlier studies which verified
its reliability [72]. The autonomy, delight, and stress compo-
nents were adapted from the FunQ questionnaire and used
as indicators of motivation in the current questionnaire. The
items in the interest dimension of the questionnaire were
adopted from the SIMS, and were not included in the other

three dimensions. Each dimension consisted of three ques-
tions. Four items (one from the autonomy dimension and all
three items in the stress dimension) were presented reversely
and analyzed oppositely. The questions were modified into
5-point Likert questions and made simpler by adapting the
language to the children’s capacity, based on the findings of
Mellor and Moore [48] and de Leeuw [37]. The average of
the children’s responses was calculated to construct a reliable
(Cronbach’s alpha = 0.85) measure for children’s motivation
during practicewith a robot confirming the findings of an ear-
lier study that used the same questionnaire [72] regarding the
reliability of the scale.

To assess performance, we selected the children’s final
recordings from the two practice sessions. All the clipped
recordingswere sent to two independentmusic teachers, who
gave evaluations on all the recordings. Evaluation forms and
explanations of each performance factor were sent to the
music teachers with the recording clips to ensure the reliabil-
ity and validity of the measurement. By averaging the scores
from the two music teachers’ evaluations of children’s per-
formance, we were able to obtain a less biased assessment
of children’s performance when practicing in different robot
conditions.

3.6 Data Analysis

In this part, we discuss the analysis we did on the ques-
tionnaire data and the data we collected to answer the study
questions. The questionnaire findingswere utilized to answer
the motivation part of the questions. We used SPSS 28.0.1.0
to analyze the questionnaire data.

Performance data were scored by two experienced music
teachers. That is afterwe edited and sent the recording clips of
the children’s last performance, two music teachers indepen-
dently evaluated each performance from four perspectives
(rhythm, pitch, tempo, and general impression) by giving
a score from one to ten on each perspective. We took the
average of the scores from the two music teachers as the
measure of the performance of each child on four different
aspects: rhythm (Cronbach’s alpha = 0.88), pitch (Cron-
bach’s alpha = 0.90), tempo (Cronbach’s alpha = 0.86), and
general impression (Cronbach’s alpha = 0.93).

Because we used a within-subject experimental design,
paired sample t-tests were performed to compare the two
robot conditions with respect to children’s motivation and
performance. Repeated measures ANOVA was conducted to
compare the influence of robot-initiated self-assessment on
themotivation and performance of children in different learn-
ing stages.
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4 Results

Detailed results of the current study are listed and explained
in this section. In order to answer the research question and
before we performed any of the analyses mentioned in the
data analysis section,wefirst tested the normality of the ques-
tionnaire and performance data byKolmogorov-Smirnov and
Shapiro-Wilk test, the results showed that they all followed
a normal distribution (p <0.05). Afterward, we performed a
paired sample t-test and repeatedmeasure ANOVA to answer
the research questions as below.

Before we started testing the hypotheses, we first per-
formed a paired sample t-test to examine whether the order
effect influenced the results. By comparing children’s moti-
vation and performance during the first and second sessions
(regardless of the robot conditions), we found that the order
effect was compensated by randomizing the order of robot
conditions (motivation: t(49) = 0.01, p = 1.00, d = 200.77;
general performance: t(49) = 1.34, p = 0.19, d = 0.32). Fur-
thermore, children’s age can be expected to correlate with
the learning stage, as children at later learning stages have
had more years of training and, therefore, are also likely
to be older. To test the relationship between children’s age
and learning stages, we performed a correlation between
children’s age and learning stages. Results showed a posi-
tive correlation (r(49) = 0.60, p <0.001). However, earlier
research has shown a correlation between learners’ self-
assessment ability and their learning stage, instead of their
age [41]. Therefore, as shown in the research questions, we
chose to only focus on children’s learning stage which is
independent of children’s age.

4.1 Effects onMotivation and Performance

To answer the first research question (How does a robot
that initiates self-assessment, compared to a non-evaluative
robot, impact piano practicing?), we made the compari-
son between two conditions (i.e., non-evaluative robot and
self-assessment robot) children experienced by conducting
a paired sample t-test on their motivation and performance.
Results showed significant differences between the two robot
conditions (i.e., non-evaluative robot and self-assessment
robot). More specifically, children had higher motivation
(t(49) = 5.55, p <0.001, d = 0.25), rhythm performance
(t(49) = 4.97, p <0.001, d = 1.20), pitch performance (t(49)
= 5.76, p <0.001, d = 1.16), tempo performance (t(49) =
5.82, p <0.001, d = 1.33), and general impression (t(49) =
6.87, p <0.001, d = 1.01) when they practiced with the self-
assessment robot (which initiated a self-assessment process
for the children) (see Table 2, motivation: M = 4.81, SD =
0.23; rhythm: M = 7.11, SD = 1.75; pitch: M = 7.32, SD
= 1.86; tempo: M = 7.35, SD = 1.71; general impression:
M = 7.39, SD = 1.83) than the non-evaluative robot (which

did not initiate a self-assessment process for the children)
(motivation: M = 4.61, SD = 0.27; rhythm: M = 6.22, SD
= 1.94; pitch: M = 6.31, SD = 2.05; tempo: M = 6.18, SD
= 2.03; general impression: M = 6.35, SD = 1.99). Thereby,
results indicated that the self-assessment strategy initiated by
the robot can help children better with their motivation and
performance during practice.

4.2 Interaction Effects for Different Learning Stages
and Gerder

In order to answer the second research question (How does a
robot which initiates self-assessment influence the motivation
and performance of children in different learning stages?),
as mentioned in the method section, we first divided the chil-
dren into three learning stage groups, which are beginners
(n = 25), developing players (n = 16), and advanced play-
ers (n = 9). Then, we used the learning stage group and
gender as between-subject factors in the repeated measure
ANOVA to check the interaction effect between these fac-
tors and robot conditions. According to the earlier studies
mentioned in Sect. 2.3, gender could also be a factor that can
influence children’s practice. Additionally, there are studies
that found gender differences in child-robot interaction dur-
ing music practice [71, 72].

4.2.1 Motivation

Primarily, the results of repeatedmeasureANOVAconfirmed
the results we got from paired sample t-test with the sig-
nificant main effect toward robot conditions on children’s
motivation (see Table 3, F = 20.66, p <0.001, η2p = 0.41) and
performance (rhythm performance: F = 24.01, p <0.001, η2p
= 0.39; pitch performance: F = 16.31, p <0.001, η2p = 0.38;
tempo performance: F = 22.97, p <0.001, η2p = 0.43; and
general impression: F = 18.65, p <0.001, η2p = 0.52). With
learning stage groups as the between-subject factor, results
provided no evidence for an interaction between learning
stage groups and robot conditions on children’smotivation (F
= 0.61, p = 0.55). We also conducted additional exploratory
analysis, which showed that if we add gender as another
between-subject factor, results present evidence for a three-
way interaction effect between robot conditions, learning
stage groups, and gender (see Fig. 5, F = 5.50, p = 0.01, η2p =
0.28). Aswe can see in Fig. 5, nomatter what gender they are,
developing players always have highermotivation in the self-
assessment robot condition. However, the male advanced
players tended to have lower motivation than the beginners
and developing players in the non-evaluative robot condition,
and similarly higher motivation while practicing with the
self-assessment robot. The female advanced players seemed
to have similarly low motivation when practicing with the
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Table 2 Means and standard deviations of children’s motivation, rhythm performance, pitch performance, tempo performance, and general impres-
sion practicing with a self-assessment robot and a non-evaluative robot

Conditions Motivation Rhythm Pitch Tempo General impression
M SD M SD M SD M SD M SD

Self-assessment 4.81 0.23 7.11 1.75 7.32 1.86 7.35 1.71 7.39 1.83

Non-evaluative 4.61 0.27 6.22 1.94 6.31 2.05 6.18 2.03 6.35 1.99

Table 3 Repeated measure ANOVA results of children’s motivation, rhythm performance, pitch performance, tempo performance, and general
impression practicing with a self-assessment robot and a non-evaluative robot

Motivation Rhythm Pitch Tempo General impression
F p F p F p F p F p

20.66 0.00*** 24.01 0.00*** 16.31 0.00*** 22.97 0.00*** 18.65 0.00***

*** p <0.001

non-evaluative robot. But during the practice with the self-
assessment robot, the female advanced players tended to have
lower motivation while the beginners and developing players
had higher motivation than the non-evaluative robot condi-
tion.

4.2.2 Performance

The same analysis was conducted on the performance data.
Similar to what we found on children’s motivation, results
provided no evidence for an interaction between robot con-
ditions and learning stage groups on children’s performance
(F = 1.27, p = 0.29, η2p = 0.13). Additionally, we found
an interaction effect between robot conditions and genders
on children’s rhythm performance (see Fig. 6, F = 5.74, p
= 0.02, η2p = 0.13). As can be seen in Fig. 6, male players
tended to have lower rhythm performance than female play-
ers when they practiced with the non-evaluative robot, while
their rhythm performance was similarly higher in the self-
assessment robot condition.

5 Discussion

To investigate whether a social robot can initiate self-
regulated learning and thereby help children practicemusical
instrument playing, we designed a within-subject empirical
experiment in a real-world practice room.By comparing chil-
dren’s motivation and performance in two conditions, which
are practicing with a robot that initiates self-assessment and
practicing with a robot that only provides social support, we
were able to investigate and verify the hypotheses.

Fig. 5 Children’s motivation in different robot conditions (i.e., self-
assessment robot and non-evaluative robot), learning stage groups (i.e.,
beginners, developing players, and advanced players), and genders (i.e.,
male (A) and female (B))
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Fig. 6 Children’s rhythm performance in different robot conditions
(i.e., self-assessment robot and non-evaluative robot) and genders (i.e.,
female and male)

5.1 Self-assessment in Music Instrument Practice

RQ1 (How does a robot that initiates self-assessment, com-
pared to a non-evaluative robot, impact motivation and
performance in piano practicing?) explored the impact of
applying self-assessment strategy through robots in chil-
dren’s musical instrument practice. The results supported
our hypothesis (H1) which posited that a robot that initi-
ates the self-assessment strategy for children’s practicewould
improve their motivation and performance compared to the
robot that does not offer the self-assessment strategy. The
results of the study supported our hypothesis, demonstrat-
ing the importance of self-assessment in children’s musical
instrument practice.Additionally, the designof the robot used
in this study offers insight for robot designers in child-robot
interaction design.

As mentioned before, self-assessment has been used and
researched in a number of different music contexts [54, 63],
which has already shown the importance of self-assessment
inmusic learning and performance. It could be becausemusic
learning requires much practice to reach high-level skills
and self-regulated learning, which holds significant poten-
tial for increasing the efficiency of musical skill acquisition
across all aspects of music performance instruction [45]. Our
results provide evidence regarding the value of self-regulated
learning, especially self-assessment, in musical instrument
practice.

5.2 Differences in Learning Stage and Gender

Furthermore, we also investigated how a robot that initiates
self-assessment influences the motivation and performance

of children in different learning stages.Contrary to our expec-
tations, the results did not reveal a direct interaction effect
between the robot conditions (i.e., self-assessment robot and
non-evaluative robot) and the children’s learning stages (i.e.,
beginners, developing players, and advanced players). Even
though earlier studies have shown that it is important for
researchers and teachers to develop different self-assessment
interventions for students in different expertise levels [56,
64], this comparison has not been made before. Based on our
results, we can conclude that the self-assessment strategy is
beneficial for children’s learning motivation no matter which
learning stage they are in. Furthermore, earlier research has
shown that as students grow in their expertise they also
become more aware of how much more they still need to
learn and how better others are [34]. This implies that even
without external judgment from the self-assessment robot,
the advanced players should already be able to assess them-
selves and get discouraged. In such a case, the compliments
and positive feedback from the robot could help them rebuild
their confidence and motivation.

Furthermore, results provided evidence for an interaction
effect found between the type of robot (i.e., self-assessment
robot and non-evaluative robot), the learning stage (i.e.,
beginners, developing players, and advanced players), and
the gender (i.e., female and male). Combining the evidence
from an earlier study [72], we argue that these results can be
explained by gender differences between male players and
female players. In that study, results showed that female play-
ers tended to have higher persistence with the non-evaluative
robot than the male players with the non-evaluative robot,
which is an indicator of their motivation level. The results
implied that female players focused longer on practice and
followed the instructions from the robot better than the male
players during practice.As seen in Fig. 5,male players tended
to have higher motivation in the self-assessment robot con-
dition compared to the other condition, while female players
showed similar motivation levels in both robot conditions. A
possible explanation could be the small number of advanced
players in our sample (n = 9). Additionally, researchers
claimed that females are more likely to have higher intrinsic
motivation ([25, 55, 66]), which could be another explanation
for the results.

As for the performance of children, the results were simi-
lar to children’s motivation. No significant interaction effect
was found between the robot conditions and the learning
stage, which implies that children in all learning stages have
similar preferences for the robot-initiated self-assessment.
Earlier research has also found no difference between the
two learning stages (primary school and secondary school
students) in theirmotivation improvement [31]. Butwe found
an interaction effect between robot conditions and genders on
children’s rhythm performance. Male players tended to have
lower rhythm performance than female players when they
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practiced with the non-evaluative robot, while their rhythm
performance was similarly higher in the self-assessment
robot condition. The result can also be explained by the
different persistence levels female and male players have,
female players, tend to focus more on practice with the
non-evaluative robot, whilemale players focus less [72]. Fur-
thermore, Wolters found that females reported significantly
more strategy use than males [81]. In this case, even though
the robotwas not providing the self-assessment strategy in the
non-evaluative robot condition, female players were using
more other strategies to help themselves with practicing than
themale players, which turned out to be the difference in their
performance in the non-evaluative robot condition. Those can
become the reason for the performance difference we found.

As the first study that employed a robot for initiating self-
assessment in children’s learning scenarios, we established
its feasibility and its positive effects on children’s motivation
and performance. Earlier studies have investigated the impact
of self-assessment in self-regulated learning [58] and how
to measure self-assessment [76]. There is evidence show-
ing that self-assessment initiated by students themselves can
result in their motivation, and improvements in the effective-
ness and quality of learning [13, 40, 75]. Our findings, which
employed a social robot for self-assessment initiation con-
firm the positive effect of self-assessment in self-regulated
learning and demonstrate the feasibility of using a social
robot to help initiate self-assessment. Recently, human-robot
interaction research has been paying increasing attention to
personalization [32, 36]. In light of this trend, the differences
between different learning stages and different genders we
found may provide useful leads to robot designers but also
researchers in this field. An alternative explanation for the
individual differences found could pertain to the children’s
different capacities for self-assessment at different learn-
ing stages. Ross reports that self-assessment skills can be
improved by training over time [65], the more they are used
the more fluent they become. Children with longer periods
of learning are likely to have gained a better awareness of
their own abilities and knowledge thus their self-assessment
skills will correspondingly improve in accuracy.

5.3 Limitations and FutureWorks

In this study, we conducted an experiment with fifty children
enrolled in music schools. All participants were recruited
voluntarily via the music schools. It should be noted, that
the number of players in each learning stage group was not
equal (beginners (n = 25), developing players (n = 16), and
advanced players (n = 9)), which may introduce imbalance
in the data during analysis.

Furthermore, although we tried to balance the
amount/duration of interactions between the two robot con-
ditions, the self-assessment robot still had more interactions

with the children than the non-evaluative robot during the
self-assessment session. Even though the unequal amount
of interactions between the two conditions could be one of
the factors that affected the results, according to the results
we got, children still had higher motivation and performance
practicing with the self-assessment robot.

Based on our results, some directions for future research
can be derived for the design of child-robot interaction. Inter-
estingly, with the robot Pepper, there are more available
(behavioral) functions that can be improved and used in the
interaction design that were not used in our current study.
For example, the limitations of speech recognition of Pepper
restricted us from using it for difficult speech recognition,
simple speech recognition in a noisy environment, or even
music recognition. With an improvement of this function,
the usefulness and fluency of Pepper in the context of music
learning can be much better. Since there are also multiple
sensors and cameras on Pepper, we might be able to develop
various authentic interactions between the robot and children.
Nonetheless, aremore interactions better? In a previous study
[72], we discussed the timing of interaction and based this
timing on the specialties of the robot during children’s musi-
cal instrument practice. Because of the noise robots make
during their movement, we propose that it is better to inter-
act with the children every time they finish practicing the
piece once or every time the children pay attention to the
robot. Otherwise, the interaction can be a disruption for the
children in the practice.

6 Conclusion

This study is the first to examine child-robot interaction in
self-regulated learning. We have demonstrated that robot-
initiated self-assessment can help enhance children’s moti-
vation and performance during practice. However, it might
work differently for children of different genders and at dif-
ferent learning stages. Such individual differences could be
further explored in future studies. Extending our knowledge
regarding the factors that influence the impact of social robots
in self-regulated learning can help guide the personalization
of robot behavior to the needs of learners.
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