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Abstract

Background: Maintaining high motivation in robot-led educational activities is challenging when
interactions rely solely on verbal communication. Incorporating multimodal feedback combining
gestures, sounds and music may provide a richer and more engaging learning experience.

Objective: This study aims to examine whether integrating multimodal feedback with a real-time, fair
first-responder detection system in a robot-led quiz game enhances students’ intrinsic motivation and
engagement compared to a verbal-only, sequential turn-taking interaction.

Methods: A two-group experiment was conducted with 48 university students randomly assigned to two
groups. The experimental group interacted with a Pepper robot using buzzer-based competition and
synchronized multimodal feedback (gestures, sounds and music), while the control group experienced
verbal-only interaction with sequential turn-taking. After the session, participants completed the
Intrinsic Motivation Inventory questionnaire covering five subscales: interest/enjoyment, perceived
competence, effort/importance, perceived choice and pressure/tension. Statistical analyses included
t-tests, 95% confidence intervals and effect sizes (Cohen’s d) to compare group differences.

Results: The experimental group reported significantly higher scores in interest/enjoyment (p < 0.001,
d = 3.11), perceived competence (p < 0.001, d = 2.28), effort/importance (p < 0.001, d = 4.59) and
perceived choice (p = 0.048, d = 0.93). Pressure/tension scores were also higher (p < 0.001, d = 1.95),
reflecting the excitement and mild stress of competitive gameplay.

Conclusion: Multimodal feedback combined with fair first-responder detection substantially enhances
intrinsic motivation and engagement in robot-led learning environments. While competitive pressure
increases tension, it also appears to stimulate focus and effort. These findings highlight the potential of
multimodal, fair and interactive robot systems for creating more dynamic and emotionally engaging
educational experiences.

Index Terms
Human-robot interaction; HRI; Multimodal feedback; Intrinsic motivation.

1 INTRODUCTION

Socially assistive robots (SARs) are increasingly entering classrooms as tutors, quiz
masters and learning companions, offering new opportunities to foster engagement and
motivation in education (Belpaeme et al.,, 2018; Kennedy et al., 2016). Their physical
embodiment and ability to combine speech, gesture and affective expression provide
advantages over screen-based systems, particularly in supporting active participation
and social presence (Fung et al., 2024; Zhang et al., 2023).
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However, many current educational robots rely predominantly on verbal-only interaction, which can limit their
expressiveness, reduce their social appeal and fail to sustain learner motivation over time (Schiavo et al., 2024;
Goldman et al., 2023; Schreiter et al., 2023). Recent advances in human-robot interaction highlight the value of
multimodal feedback: coordinated use of gestures, music, speech and emotional expression to enhance attention,
enjoyment and memory retention (Su et al., 2023; Alam, 2022). Within a motivational framework, these expressive
features map directly onto self-determination theory (SDT), which posits that autonomy, competence and
relatedness are core drivers of intrinsic motivation (Deci & Ryan, 2000). For instance, buzzer-based response
mechanisms may enhance autonomy by giving learners control over when to participate, affective and multimodal
feedback may foster competence by reinforcing mastery and self-efficacy, and shared, game-like experiences may
promote relatedness through team-based dynamics (Fung et al., 2024; Yang et al., 2023, Tutul et al. 2025).

Recent developments further demonstrate how large-scale datasets and multimodal expressivity enhance robot-led
education. For instance, Sorrentino et al. (2024) analysed emotional gesture synchronization in social robots for
improved engagement, while Villegas-Ch et al. (2025) and Wang et al. (2023) reviewed adaptive affective feedback
in humanoid tutoring systems. Similarly, Ackermann et al. (2025), Fernandez-Herrero et al. (2024) and Duncan et al.
(2024) highlighted multimodal expressivity as key for sustained motivation beyond novelty effects. These studies
underscore that while expressive multimodal robots are gaining attention, systematic evidence on their motivational
outcomes remains limited particularly in classroom contexts, which this study addresses.

Gamification further amplifies these effects. Elements such as competition, points and rewards have been shown to
increase effort, persistence and enjoyment in learning technologies (Hamari et al., 2014; Zhang et al., 2023, Tutul et
al.,, 2024). In robot-led quiz activities, first-responder detection adds an additional competitive dimension: the speed
of response not only determines participation but also contributes to perceptions of fairness and recognition.
According to arousal-based performance models (Yerkes & Dodson, 1908; Malhotra et al., 2010), moderate levels of
competition-induced tension may actually enhance motivation and learning effort, although excessive stress may
reduce engagement. Thus, designing robot-led systems that balance competition and emotional support is crucial
for sustainable educational impact.

Despite these opportunities, empirical evidence on the motivational effects of multimodal versus verbal-only robot
interaction remains limited. Previous research has examined engagement and usability (e.g., Kennedy et al., 2016;
Louie & Nejat, 2020; Schreiter et al., 2023), but few studies have systematically evaluated how multimodal, gamified
robot feedback affects intrinsic motivation using validated psychological frameworks such as the Intrinsic
Motivation Inventory (IMI) (Nasir et al., 2020). Addressing this gap, the present study investigates whether
multimodal feedback combined with buzzer-based first-responder detection enhances students’ intrinsic motivation
compared to verbal-only robot interaction with sequential turn-taking.

Building on self-determination theory (SDT) and prior research into human-robot interaction and gamification, this
study examines whether multimodal feedback with buzzer-based first-responder detection enhances intrinsic
motivation compared to sequential, verbal-only robot interaction. The central objective is to determine how design
choices in robot-led quiz activities affect students” psychological needs for autonomy, competence and relatedness
and, in turn, their intrinsic motivation. The Intrinsic Motivation Inventory (IMI) (Ryan, 1982) is a validated
instrument derived from self-determination theory (Deci & Ryan, 1985, 2000) for assessing intrinsic motivation in
task-based environments. In this study, five subscales were used:

e interest/enjoyment, reflecting intrinsic motivation and engagement in the activity.

e perceived competence, indicating the extent to which learners felt capable and effective.

e effort/importance, capturing the degree of personal investment and attention dedicated to the game.
e perceived choice, reflecting autonomy and volition in participation.

e pressure/tension, capturing stress levels during the interaction.

These subscales align closely with the SDT framework, where interest/enjoyment, perceived competence and
perceived choice correspond to the satisfaction of autonomy and competence needs, while pressure/tension reflects
the emotional arousal often associated with competitive tasks. Accordingly, we pose the following research
questions:
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e RQ1. How does multimodal robot feedback combined with first-responder detection improve students’
intrinsic motivation compared to a verbal-only robot feedback with sequential turn-taking while two teams
compete against each other in a quiz activity?

e RQ2. How does multimodal robot feedback combined with first-responder detection affect students’
engagement, pressure and perceptions of fairness compared to a verbal-only robot feedback with sequential
turn-taking while two teams compete against each other in a quiz activity?

Based on SDT and existing evidence on multimodal and gamified learning environments, we formulated the
following hypotheses:

e HI1 (interest/enjoyment). Students in the multimodal buzzer-based group will report higher
interest/enjoyment than students in the verbal-only group, as expressive robot behaviour (music, gestures,
affective speech) fosters greater engagement and enjoyment.

e H2 (perceived competence). Students in the multimodal buzzer-based group will report higher perceived
competence than those in the verbal-only group, as multimodal praise and recognition reinforce mastery
and self-efficacy.

e H3 (effort/importance). Students in the multimodal buzzer-based group will report higher
effort/importance than those in the verbal-only group, since competition and expressive feedback increase
task valuation and learning effort.

e H4 (perceived choice). Students in the multimodal buzzer-based group will report higher perceived choice
than those in the verbal-only group, as the buzzer mechanism provides autonomy in deciding when to
respond.

e H5 (pressure/tension). Students in the multimodal buzzer-based group will report higher pressure/tension
than those in the verbal-only group, because competition can introduce moderate arousal and stress;
however, this tension may also positively influence learning effort when kept at an optimal level.

2 RELATED WORK

2.1 Robotsin education

Educational robots such as Pepper, NAO and Cozmo have been increasingly deployed to support learning across
domains including language, science and programming (Belpaeme et al., 2018; Louie & Nejat, 2020). Their embodied
presence and ability to use speech, gaze and gesture offer advantages over traditional digital tools by fostering social
presence and interactive engagement (Tanaka et al., 2015; Goldman et al., 2023). Recent studies further suggest that
physical embodiment can improve attention, enjoyment and learning persistence in both school and higher
education contexts (Fung et al., 2024; Zhang et al., 2023; Tutul et al., 2024). However, much of this research has
primarily evaluated usability or engagement outcomes rather than systematically examining intrinsic motivational
processes. Moreover, while robots are often integrated into quiz-based or storytelling activities, many interactions
remain limited to verbal-only exchanges, potentially reducing their effectiveness in sustaining long-term motivation
(Schiavo et al., 2024).

2.2 Multimodal feedback and gamification

A growing body of work highlights the value of multimodal interaction in educational HRI. Robots capable of
combining speech, gestures, music and affective expressions have been shown to elicit stronger enjoyment,
emotional involvement and memory retention compared to verbal-only systems (Bagheri et al., 2020; Su et al., 2023).
For example, Fung et al. (2024) demonstrated that humanoid robots supporting language learning with expressive
multimodal behaviour significantly improved students’” perceived competence and enjoyment, key constructs
within self-determination theory (SDT). In addition, gamification elements such as points, badges and real-time
competition have been widely recognized as effective strategies for sustaining motivation in technology-enhanced
learning (Hamari et al., 2014; Yang et al., 2023).

In robot-led educational settings, first-responder detection introduces competitive dynamics by rewarding the
fastest response. While competition can strengthen perceptions of competence and promote greater effort, it may
also increase tension or stress if not perceived as fair (Kennedy et al., 2016; Malhotra et al., 2010). Fairness in response
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detection is therefore critical, as biased or inaccurate recognition can reduce trust in the system and undermine
motivational benefits (Fridin & Belokopytov, 2014). These findings suggest that integrating multimodal feedback
and fair competition mechanisms into robot design may better support the autonomy, competence and relatedness
needs central to SDT.

2.3 Measuring motivation in educational HRI

To evaluate motivational outcomes in HRI, validated psychological instruments such as the Intrinsic Motivation
Inventory (IMI), the Godspeed questionnaire and the technology acceptance model (TAM) are frequently used
(Bartneck et al., 2009; Nasir et al., 2020). IMI, in particular, has been widely applied in HRI and educational contexts
because it captures multiple subdimensions of intrinsic motivation including interest/enjoyment, perceived
competence, effort/importance, choice and pressure/tension (Baur et al., 2018). For example, studies in rehabilitation
robotics and robot-assisted therapy have shown that music and multimodal interactions can significantly enhance
enjoyment and engagement as measured by IMI (Baur et al., 2018). However, despite these advances, few controlled
experiments have directly compared multimodal versus verbal-only robot feedback using IMI or other SDT-
grounded frameworks. This lack of evidence leaves open questions about the motivational trade-offs between richer,
competitive multimodal interactions and simpler, sequential verbal-only exchanges. The present study addresses
this gap by conducting a controlled comparison of multimodal, buzzer-based robot feedback with verbal-only
sequential interaction in a classroom quiz context, measured systematically using the IML

3 METHODS

3.1 Study design

A two-group design was selected to prevent learning or carry-over effects between conditions:

e Experimental condition — Pepper used buzzer-based first-responder detection combined with multimodal
feedback (gestures, music, gamification and expressive verbal responses).

e Control condition — Pepper relied on sequential turn-taking with verbal-only feedback, without multimodal
or gamification elements.

This design allowed us to isolate the effects of multimodal feedback and competitive dynamics on intrinsic
motivation as shown in Table 1. The primary outcomes were the five Intrinsic Motivation Inventory (IMI) subscales:
interest/enjoyment, perceived competence, effort/importance, perceived choice and pressure/tension. To
complement quantitative data, participants also provided open-ended reflections, which were analysed thematically
to capture perceptions of fairness, enjoyment and robot behaviour. The study was conducted during regular class
sessions at the Berliner University of Applied Science, Germany, with each session lasting approximately 30 minutes
(introduction, practice round, quiz and surveys). This naturalistic classroom setting ensured ecological validity.

Table 1. Summary of interaction differences between control (verbal-only) and experimental (multimodal) systems.

Feature

System A (experimental)

System B (control)

Input trigger

Buzzer sound

Robot calls each team

First-responder detection

Cross-correlation on buzzer

Predefined sequence

Answer input

Verbal (via QiSDK ASR)

Verbal (via QiSDK ASR)

Feedback type

Music + gesture + verbal

Verbal-only

Gamification

Yes (points, badges)

No

This two-group design allowed us to directly examine whether multimodal interaction with Pepper increased
students’ enjoyment, competence and effort (H1-H3), while also testing differences in perceived choice and
pressure/tension (H4-H5) compared to a verbal-only control condition.
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3.2 Participants

A total of 48 undergraduate students participated in the study, including 13 females. The average age was 22 years
(SD = 1.7) and all were enrolled in undergraduate Programming in C course (Summer Semester 2025). None had
prior hands-on experience with the Pepper robot. Recruitment occurred in scheduled class sessions. Participation
was voluntary, without monetary or academic incentives, and informed consent was obtained from all the
participants. The study protocol was approved by the Berliner University of Applied Science in Germany Review
Board. Randomization was carried out using a computer-generated block randomization sequence at the session
level, assigning students to either the experimental or control group. This ensured balanced group sizes and
minimized allocation bias. A post hoc power analysis using G*Power indicated that, given our sample size of 48
participants (24 per group) and the observed effect sizes (Cohen’s d = 0.93-4.59), the achieved statistical power was
greater than 0.99 for all the subscales. This suggests that our study was sufficiently powered to detect even moderate
effects.

3.3 Apparatus and system architecture

The system was designed to integrate hardware, audio processing and multimodal interaction to enable a fair and
engaging quiz experience. Two wireless, recordable buzzer buttons were used by the two competing teams. These
buttons transmitted audio through a single-channel microphone connected to a Bluetooth receiver attached to a
desktop computer running the main detection application. The receiver sampled the audio at 16 kHz, providing
sufficient temporal resolution for fast first-responder detection.

A Python-based desktop application handled the real-time detection process and communicated with Pepper using
a WebSocket protocol, ensuring low-latency and bidirectional interaction. The Pepper robot’s tablet, running
Android 6.0, hosted a Kotlin-based quiz visualization interface, which displayed scores, badges and progress
updates synchronized with the robot’s gestures, speech and music cues.

Figure 1 illustrates the overall system architecture, from buzzer input capture to multimodal feedback execution.
The detection mechanism responsible for ensuring accurate and fair identification of the first responder is detailed
in Section 3.4.

Fairness Mechanism
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Figure 1. Experimental (multimodal) system architecture.

3.4 First-responder and verbal-answer detection module

The first-responder and verbal-answer detection module operationalized fairness by integrating a template-based
audio matching approach for real-time buzzer detection with a QiSDK-powered automatic speech recognition (ASR)
system for accurate verbal response recognition. Prior to each game session, participants recorded and tested their
buzzer sounds using the Python application. This calibration step ensured that the unique sound signature of each
button was captured under the current environmental noise conditions and stored as a template for later detection.

During gameplay, the system continuously monitored the incoming audio stream from the Bluetooth receiver. The
following steps were executed in real time as shown in Figure 2:
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e Pre-processing: A band-pass filter was applied to minimize environmental noise and enhance signal clarity.

e Cross-correlation matching: Cross-correlation was chosen due to its robustness in detecting time-lagged
acoustic patterns under mild noise, ensuring fair identification of the first responder. The incoming audio
was cross-correlated with the pre-recorded templates. The algorithm identified the first sound event with
the highest correlation peak and the lowest time lag relative to the onset of the buzzer press.

e First-responder assignment: Based on the correlation lag, the system determined which team pressed their
buzzer first and immediately communicated the result to the robot and tablet interface.

Fairness Mechanism
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Figure 2. Cross-correlation-based first-responder detection mechanism used in the multimodal condition.

This approach ensured <500 ms detection latency, which was imperceptible to participants and reinforced
perceptions of fairness. Accuracy tests conducted prior to live sessions demonstrated 100% correct identification
during controlled trials and 98% accuracy during pilot classroom sessions with mild background noise. The high
precision of this detection process was repeatedly noted in participant feedback (e.g., “Pepper detected the first buzzer
very accurately”), underscoring its importance for maintaining both fairness and trust during the quiz competition.

While the core interaction in the experimental condition relied on first-responder detection, the verbal-answer
module used a speech-to-text system based on QiSDK ASR. Although this approach achieved high accuracy (95%)
with latency <500 ms in a controlled classroom environment, background noise occasionally caused minor
recognition errors. To mitigate these issues, the system applied noise filtering and confirmation prompts from
Pepper. These minor ASR inaccuracies did not significantly disrupt gameplay but may have contributed slightly to
perceived tension during competitive rounds.

Together, the first-responder and ASR modules constituted the study fairness mechanism. Fairness here is defined
as the equal opportunity for all participants to have their responses recognized without bias, consistent with
procedural fairness frameworks (Colquitt, 2001). From a theoretical perspective, fairness is essential for sustaining
motivation in competitive learning, as it reinforces competence (accurate recognition of mastery), autonomy (equal
chance to compete) and relatedness (trust among peers and with the robot) as described in self-determination theory
(Deci & Ryan, 2000). Thus, the fairness mechanism was not only a technical safeguard but also a psychological
condition underpinning hypothesis related to motivation and engagement (H2, H3).

3.5 Quiz game flow

The quiz game was structured to create a fair, engaging and repeatable interaction sequence between the Pepper
robot and the student teams. Each round consisted of five core stages:

1. Question presentation: Pepper verbally announced each multiple-choice question and simultaneously
displayed the text and answer options on its tablet. The question data were provided by the desktop
application and synchronized with Pepper via WebSocket.
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2. First-responder detection: After the question prompt, the system activated the buzzer module. The team
that pressed their buzzer first was determined using the first-responder detection module (Section 3.4). The
result was transmitted in real time to Pepper, which immediately acknowledged the winning team.

3. Response handling:

a. In the experimental condition, the first-responder provided their answer verbally. Pepper
processed the speech using QiSDK automatic speech recognition and matched it against the correct
answer stored in the quiz database.

b. In the control condition, Pepper followed a sequential turn-taking procedure, inviting each team to
respond in order until a correct or final attempt was reached.

4. Feedback and multimodality: Feedback was tailored to the assigned condition:

a. In the experimental condition, Pepper combined gestures, expressive voice and music to celebrate
correct answers or convey disappointment with incorrect answers.

b. In the control condition, Pepper offered simple verbal confirmation without gestures or music.

5. Scoring and progression: Points were awarded to the team providing the correct answer. Scores were
updated simultaneously on Pepper’s tablet interface, ensuring transparency for all participants. In the
multimodal condition, badges and celebratory animations were also shown to emphasize gamification.

The game proceeded until all the questions in the session were completed. A leaderboard was then displayed on
Pepper’s tablet and the robot verbally announced the winning team. This consistent five-stage loop ensured a smooth
integration of technical detection, verbal interaction and multimodal feedback, while maintaining fairness across
conditions. The flow also emphasized ecological validity, as it closely mirrored real quiz-based learning scenarios in
classrooms.

3.6 Measures

The study employed a mixed-methods approach that combined standardized quantitative measures with open-
ended qualitative questions to capture both statistical differences and deeper insights into students’ perceptions of
the robot quiz game. The five IMI subscales were selected as they most directly reflect autonomy, competence and
relatedness within self-determination theory. Each subscale consisted of three slightly modified items that
corresponded to one of our hypotheses: interest/enjoyment (H1), perceived competence (H2), effort/importance
(H3), perceived choice (H4) and pressure/tension (H5) and rated on a 5-point Likert scale ranging from 1 = strongly
disagree to 5 = strongly agree. The subscales and their items are shown in Table 2 below.

Table 2. Intrinsic Motivation Inventory (IMI) subscales and corresponding questionnaire items used in this study.

Subscales Items

Interest/enjoyment I found the quiz game with the robot enjoyable.
I believe that interacting with the robot made the quiz more fun.
Using the robot in the quiz game was exciting.

Perceived competence I felt confident while participating in the quiz activity.
I think I did pretty well in this quiz game.
I believe I was successful in answering questions during the game.

Effort/importance I put a lot of effort into this quiz activity.
I tried hard to perform well in this game.
I paid attention and stayed focused during the activity.

Perceived choice I felt free to participate in the activity in my own way.
I chose to engage with the robot quiz game because I wanted to.
I felt that I had control over how I responded in the quiz.

Pressure/tension I felt nervous while playing the game.
I felt under pressure to perform well during the quiz.
I felt tense when it was my turn to respond.

The IMI has been widely validated in technology-enhanced learning and human-robot interaction research, and it
provides a reliable measure of intrinsic motivation dimensions relevant to gamified learning contexts.

To complement the quantitative data, participants responded to three open-ended questions at the end of the survey:
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1. What did you like most in this quiz game moderated by the Pepper robot?
2. How should we improve the quiz game moderated by the Pepper robot?
3. How motivating, engaging and enjoying was the game?

These responses were analysed using thematic coding, focusing on recurring themes such as fun, fairness, pressure
and human-like behaviour. This qualitative component enriched the interpretation of statistical findings by
providing insights into students’ subjective experiences.

3.7 Data analysis

The study employed both quantitative and qualitative analysis techniques to evaluate the effects of the experimental
conditions on students” motivation and engagement. Responses from the five IMI subscales (interest/enjoyment,
perceived competence, effort/importance, perceived choice, pressure/tension) were averaged across the three items
of each subscale. Reliability was confirmed with Cronbach’s alpha values greater than 0.70 for all the subscales.
Statistical comparisons between the experimental (multimodal condition) and control (verbal-only condition)
groups were conducted using independent-samples t-tests. Independent-samples t-tests were used as they provide
a straightforward test of mean differences aligned with our hypotheses (H1-H5), which predicted differences
between the multimodal and verbal-only groups. Effect sizes were reported using Cohen’s d, with benchmarks of
0.2 =small, 0.5 = medium and 0.8 = large. The significance level was set at p < 0.05.

Qualitative responses to the three open-ended questions were analysed using qualitative content analysis (QCA)
(Mayring, 2014), which involved systematic coding of text into categories. Two coders independently coded all the
responses, then refined codes into five higher-level themes (enjoyment, motivation, fairness, pressure and human-
like behaviour). Inter-rater reliability was assessed (Cohen’s k = 0.82), ensuring consistency. This method allows
transparent, replicable categorization beyond descriptive thematic grouping.

The combination of quantitative comparisons and qualitative thematic insights allowed a more nuanced
understanding of how multimodal robot feedback and buzzer-based first-responder detection influenced students’
motivational experiences.

4 RESULTS

This section reports descriptive statistics, inferential comparisons between groups and distributional patterns of IMI
subscales. We present means, standard deviations, interquartile ranges (IQR), t, p, 95% Cls for mean differences and
Cohen’s d.

4.1 Descriptive statistics

Table 3 presents the descriptive statistics for each IMI subscale across the control (verbal-only) and experimental
(multimodal) conditions. Across all the subscales, the experimental group consistently reported higher mean scores
compared to the control group, indicating a more positive motivational and engagement experience when
multimodal feedback and sound-based first-responder detection were present.

H1 (Interest/enjoyment): For the interest/enjoyment subscale, the experimental group achieved a mean of 4.48 (SD
= 0.34), notably higher than the control group’s 3.39 (SD = 0.36). The median values and interquartile ranges (IQRs),
4.48 [0.46] for the experimental and 3.39 [0.49] for the control, suggest a tight clustering of scores around the group
means, highlighting the consistent enjoyment experienced by participants in the multimodal setting.

Table 3. Descriptive statistics for each Intrinsic Motivation Inventory (IMl) subscale comparing control (verbal-only, sequential
interaction) and experimental (multimodal, buzzer-based) conditions.

Subscales Control Experimental Median [IQR] Median [IQR]

mean (SD) mean (SD) control experimental
Interest/enjoyment 3.39 (0.36) 448 (0.34) 3.39 [0.49] 4.48[0.46]
Perceived competence 3.64 (0.38) 4.41 (0.28) 3.64 [0.51] 4.41[0.38]
Effort/importance 3.70 (0.18) 4.70 (0.26) 3.70[0.24] 4.70[0.35]
Perceived choice 4.03 (0.41) 4.37 (0.31) 4.03 [0.55] 4.37[0.42]
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Subscales Control Experimental Median [IQR] Median [IQR]
mean (SD) mean (SD) control experimental
Pressure/tension 3.76 (0.37) 4.44 (0.33) 3.76 [0.50] 4.4410.45]

H2 (Perceived competence): A similar trend was observed for perceived competence, where the experimental
condition scored 4.41 (SD = 0.28; median = 4.41 [0.38]), compared to 3.64 (SD = 0.38; median = 3.64 [0.51]) in the
control. This indicates that students in the experimental group felt more confident and capable during gameplay.

H3 (Effort/importance): For effort/importance, the experimental condition displayed the largest difference, with a
mean of 4.70 (SD = 0.26; median = 4.70 [0.35]), compared to 3.70 (SD = 0.18; median = 3.70 [0.24]) in the control. This
finding suggests that multimodal interaction encouraged students to invest more effort and prioritize performance
during the activity.

H4 (Perceived choice): The perceived choice subscale also reflected higher autonomy perceptions in the
experimental condition (M = 4.37, SD = 0.31; median = 4.37 [0.42]) compared to the control (M = 4.03, SD = 0.41;
median = 4.03 [0.55]), indicating that the multimodal system fostered a greater sense of voluntary participation and
control.

H5 (Pressure/tension): Finally, for pressure/tension, participants in the experimental group reported slightly higher
scores (M = 4.44, SD = 0.33; median = 4.44 [0.45]) than those in the control condition (M = 3.76, SD = 0.37; median =
3.76 [0.50]). This reflects the competitive tension introduced by the fast-paced, first-responder quiz mechanics, which
participants often described as “exciting” but occasionally “stressful”.

Overall, the descriptive statistics reveal consistent advantages of the multimodal condition across all the
motivational subscales, with small interquartile ranges indicating a high level of agreement among participants
within each group.

4.2 Inferential statistics

Table 4 summarizes the results of the independent-samples t-tests comparing the control (verbal-only) and
experimental (multimodal) conditions across all five IMI subscales. Significant differences were found in all the
subscales, supporting the hypothesized advantages of the multimodal, sound-driven interaction.

For interest/enjoyment, the experimental group scored significantly higher (t(46) =-6.96, p <0.001, Cohen’s d =-3.11),
with a mean difference of 1.09 points (95% CI [0.89, 1.29]). This represents a very large effect size, indicating that
multimodal interaction with sound-driven first-responder detection substantially increased enjoyment and
engagement compared to the verbal-only setup.

Table 4. Independent-samples t-test results comparing control (verbal-only, sequential interaction) and experimental
(multimodal, buzzer-based) conditions across five IMI subscales.

Subscales t(df) p Cohen’s d Mean diff (exp — ctrl) 95% CI
Interest/enjoyment -6.96 (46) <0.001 -3.11 1.09 [0.89, 1.29]
Perceived competence -5.24 (46) <0.001 -2.28 0.77 [0.58, 0.96]
Effort/importance -9.83 (46) <0.001 -4.59 1.00 [0.87,1.13]
Perceived choice -2.12 (46) 0.048 -0.93 0.34 [0.13, 0.55]
Pressure/tension -4.37 (46) <0.001 -1.95 0.68 [0.48, 0.88]

Similarly, perceived competence was significantly greater in the experimental condition (t(46) = -5.24, p < 0.001,
Cohen'’s d = -2.28), with a mean difference of 0.77 points (95% CI [0.58, 0.96]). This suggests that the multimodal
system made students feel more confident and successful during the quiz activities.

The effort/importance subscale revealed the largest difference (t(46) =-9.83, p <0.001, Cohen’s d =-4.59), with a mean
difference of 1.00 point (95% CI [0.87, 1.13]). This extremely large effect demonstrates that the multimodal setting
significantly motivated students to invest greater effort and remain highly focused during gameplay.
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For perceived choice, the difference between groups was smaller but still significant (t(46) = -2.12, p = 0.048, Cohen's
d =-0.93), with a mean difference of 0.34 points (95% CI [0.13, 0.55]). This indicates that the multimodal condition
slightly enhanced participants’ sense of autonomy and voluntary engagement.

Finally, the pressure/tension scores were also significantly higher in the experimental group (t(46) = -4.37, p <0.001,
Cohen’s d =-1.95), with a mean difference of 0.68 points (95% CI [0.48, 0.88]). While this reflects increased competitive
tension, qualitative feedback (section 4.4) highlighted that the pressure was perceived as positive and stimulating,
contributing to the excitement of the quiz rather than reducing enjoyment.

Overall, the inferential analyses confirm that the multimodal, gamified system consistently outperformed the verbal-
only version by fostering enjoyment, competence, effort and engagement, with particularly large effects in effort and
enjoyment, directly supporting hypotheses H1 through H5.

4.3 Distribution patterns

The boxplot shown in Figure 5 illustrates the distribution of post-intervention IMI subscale scores for both the control
and experimental conditions, highlighting differences in central tendency, variability and outliers across the five
subscales.
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Figure 5. Distribution of IMI subscale scores for control (verbal-only) and experimental (multimodal) conditions. Side-by-side
boxplots display medians, interquartile ranges and outliers for each subscale.

1. Interest/enjoyment:

a. [Experimental group: Scores are consistently high, clustering around 4.5, with a narrow interquartile
range (IQR) indicating high agreement among participants. A few mild outliers are present but close
to the upper whisker.

b. Control group: Scores range more widely, centred around 3.5, with a lower median and a broader
spread, indicating greater variability and lower overall enjoyment.

2. Perceived competence:

a. Experimental group: Participants report high competence (median ~4.4), with a relatively tight
distribution, signalling consistent perceptions of improved performance during the multimodal
interaction.

b. Control group: Medians are notably lower (~3.6) with a wider range, showing that participants in
the control condition felt less confident and more varied in their competence ratings.

3. Effort/importance:

a. Experimental group: Shows the highest clustering near the upper scale (4.7-5), with almost no

variability, suggesting strong and unanimous engagement and effort.
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b. Control group: Scores centre around 3.7 with a narrow spread, indicating that participants tried but

at a significantly lower level of commitment compared to the experimental group.
4. Perceived choice:

a. Experimental group: Medians are higher (~4.4) with moderate variability, reflecting greater
autonomy and perceived agency during the multimodal sessions.

b. Control group: Slightly lower median (~4.0) and a wider range, suggesting more mixed experiences
regarding autonomy and freedom of interaction.

5. Pressure/tension:

a. [Experimental group: Higher scores (~4.4) indicate that participants experienced more pressure and
tension, likely due to the competitive and fast-paced nature of the multimodal condition. The IQR
remains moderate, with a few outliers in the upper range.

b. Control group: Lower tension (~3.7) with a tighter distribution, reflecting a more relaxed and less
intense experience in the verbal-only condition.

4.4 Qualitative findings

The thematic analysis of open-ended responses provided further insights into participants’ experiences with the
robot quiz game. Five major themes emerged, each corresponding closely to the IMI subscales and hypotheses. Table
5 summarizes representative quotes for both the multimodal condition and the verbal-only control condition.

Enjoyment and fun (H1): Participants in the multimodal condition frequently highlighted the enjoyable and
entertaining aspects of the robot quiz game. The integration of synchronized gestures, music and dance was
described as enhancing the sense of fun. In contrast, control group participants acknowledged the activity as
interesting but suggested adding multimodal elements (e.g., music, dance) to increase enjoyment.

Multimodal: “The quiz game was very interesting and enjoyable.”

Control: “Interesting way of learning, but adding music and dance would make it more fun.”

Table 5. Thematic categories and representative participant quotes derived from qualitative feedback collected after

gameplay.
Theme Verbal-only condition (control) Multimodal condition (experimental)
Fun & enjoyment “Interesting way of learning.” “The quiz game was very interesting and
enjoyable.”
Learning motivation “Adding music and dance would make it | “Synchronized robot feedback was very
more fun.” motivating.”
System fairness “Very simple and fair interaction.” “Pepper detected the first buzzer very
accurately.”
Pressure & tension “Felt no pressure at all, relaxed “Pressing the buzzer on time is stressful but
interaction.” exciting.”
Human-like behaviour “Robot gave clear but simple feedback.” “The robot felt emotionally responsive,
almost like a human.”

Perceived competence and motivation (H2): The multimodal group reported feeling more competent and
motivated, often citing the robot’s expressive feedback as supportive and encouraging. Participants felt successful
in answering questions and appreciated the reinforcement of correct responses. Control participants also expressed
confidence but described the interaction as simpler and less stimulating, aligning with the lower competence scores
observed quantitatively.

Multimodal: “Synchronized robot feedback was very motivating.”
Control: “Robot gave clear but simple feedback.”

Effort and engagement (H3): Responses indicated that students in the multimodal condition invested greater effort
and concentration in the game. Many reported being eager to press the buzzer and compete. In the control condition,
students engaged with the game but described their involvement as more relaxed and less competitive.
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Multimodal: “I tried hard to be the first to respond; it made me stay very focused.”
Control: “The quiz was nice, but it felt more like just answering questions.”

Autonomy and choice (H4): Perceptions of autonomy were less salient in qualitative responses compared to other
themes. However, some multimodal participants emphasized that the system allowed them to express themselves
actively by pressing the buzzer and receiving tailored robot responses. Control participants described the quiz as
straightforward and teacher-like, suggesting reduced perceptions of choice.

Multimodal: “Pressing the buzzer made me feel more in control.”
Control: “It was simple, like a teacher asking and we replying.”

Pressure and tension (H5): Finally, the theme of pressure and arousal emerged strongly in the multimodal group.
Students described the buzzer competition as “stressful but exciting”, reflecting the tension between performance
anxiety and motivational arousal. In contrast, control participants reported a calmer and more relaxed interaction,
with little sense of time pressure.

Multimodal: “Pressing the buzzer on time is stressful but exciting.”

Control: “Felt no pressure at all, relaxed interaction.”

5 DISCUSSION

This study investigated whether a sound-driven, multimodal robot quiz game can enhance students’ motivation and
engagement compared to a verbal-only condition. To address this objective, we formulated two research questions
(RQs) supported by five hypotheses (H1-H5). The following sections integrate the quantitative and qualitative
findings to answer each RQ.

RQ1. How does multimodal robot feedback combined with first-responder detection improve students’ intrinsic motivation
compared to a verbal-only robot feedback with sequential turn-taking while two teams compete against each other in a quiz
activity?

H1 (Interest/enjoyment): Quantitative analyses revealed that interest/enjoyment scores were significantly
higher in the multimodal condition (M = 4.48 vs 3.39, t = -6.96, p < 0.001, d = -3.11). This supports H1 and
demonstrates a substantial motivational benefit. Qualitative responses echoed this, with students describing
the game as “very interesting and enjoyable”, while control participants suggested that adding multimodal
elements “would make it more fun”. These results align with prior findings that multimodal and gamified
robot feedback increases enjoyment in learning contexts (Fung et al., 2024; Hamari et al., 2014).

H2 (Perceived competence): Students in the multimodal condition also reported higher competence (M =
4.41 vs 3.64, t=-5.24, p<0.001, d =-2.28). Comments such as “Synchronized robot feedback was very motivating”
illustrate how expressive reinforcement supported feelings of success. Control participants found the
interaction clear but less stimulating, confirming H2.

H3 (Effort/importance): Effort/importance yielded the strongest effect (M =4.70 vs 3.70, t =-9.83, p < 0.001,
d =-4.59), showing that multimodal robot interaction motivated students to invest more energy. Participants
described being “focused” and eager to press the buzzer, while control participants saw the activity as “just
answering questions”. This strongly supports H3.

H4 (Perceived choice): Perceived choice improved moderately in the multimodal condition (M =4.37 vs 4.03,
t=-2.12, p = 0.048, d = -0.93). Qualitative data suggest that autonomy stemmed from pressing the buzzer
(“made me feel more in control”), while the control condition felt more teacher-like. This provides partial
support for H4.

Summary for RQ1: Taken together, H1-H4 confirm that multimodal robot feedback enhances enjoyment,
competence, effort and autonomy. These outcomes directly answer RQ1, showing that multimodal interaction
substantially increases motivation compared to a verbal-only condition.
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RQ2. How does multimodal robot feedback combined with first-responder detection affect students’ engagement, pressure and
perceptions of fairness compared to a verbal-only robot feedback with sequential turn-taking while two teams compete against
each other in a quiz activity?

H5 (Pressure/tension): Quantitative results revealed higher pressure/tension in the multimodal condition
(M =4.44 vs 3.76, t = -4.37, p < 0.001, d = -1.95). Students described the buzzer competition as “stressful but
exciting”, indicating positive arousal (eustress) rather than negative stress. By contrast, the control group
reported being “relaxed” with little sense of time pressure. This supports H5 and suggests that multimodal
interaction enhances competitive engagement through energizing tension. These findings align with
arousal-based models of performance (Yerkes & Dodson, 1908; Malhotra, 2010), which suggest that
moderate levels of tension can enhance focus, effort and engagement.

Fairness and human-likeness: Although not part of the original hypotheses, two qualitative themes enrich
the interpretation of RQ2. Students emphasized the fairness of the system, noting that “Pepper detected the
first buzzer very accurately”, which validates the technical robustness of the cross-correlation module.
Additionally, some participants described Pepper as “emotionally responsive, almost like a human”, reflecting
heightened social presence in the multimodal condition. Perceptions of fairness are consistent with studies
showing that students value transparency and unbiased responses in robot-led activities (Fridin &
Belokopytov, 2014; Belpaeme et al., 2018).

Summary for RQ2: Findings show that multimodal robot moderation increases pressure in a constructive way, while
also being perceived as fair and socially engaging. These insights extend the scope of RQ2 by linking technical system
design to educational engagement outcomes.

While the strong motivational effects observed in the multimodal condition support the proposed hypotheses,
alternative explanations such as novelty effects or social desirability bias cannot be fully ruled out. Students’ initial
excitement about interacting with a humanoid robot for the first time may have inflated enjoyment and effort ratings.
Moreover, group-level dynamics could have amplified competitive arousal independently of multimodal feedback.
Future longitudinal studies should disentangle these factors by controlling for repeated exposure and group
competition levels.

5.1 Implications

The findings of this study have important implications for both educational practice and the design of robot-
mediated learning systems.

5.1.1 Educational implications

By demonstrating that multimodal robot feedback significantly improves students’ enjoyment, competence and
effort, this study provides evidence that robotic systems can serve not only as instructional tools but also as
motivational facilitators. The presence of beneficial pressure (eustress) suggests that competitive quiz-based
interactions can foster active participation and sustained engagement. For educators, this indicates that deploying
social robots such as Pepper in classroom activities may enhance students’ intrinsic motivation and engagement,
particularly when multimodal cues (gestures, music, expressive feedback) are integrated into the learning process.

It is also important to acknowledge the potential novelty effect associated with the use of Pepper. Participants” high
enjoyment and motivation could partially stem from the excitement of interacting with the robot for the first time.
While this novelty-driven engagement is common in educational HRI settings, longitudinal studies are needed to
examine whether these motivational gains persist once the novelty diminishes over time.

5.1.2 Technicalimplications

The positive perception of fairness highlights the importance of robust detection mechanisms in educational
robotics. Our cross-correlation-based first-responder module ensured accurate recognition of buzzer inputs and was
explicitly recognized by participants as “accurate and fair”. This underlines that technical reliability is not only a
performance requirement but also a social factor influencing trust and acceptance. Future HRI systems should
prioritize detection accuracy and latency minimization to maintain perceived fairness in competitive learning
contexts.
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The integration of multimodal feedback in the robot-led quiz game is grounded in the principles of self-
determination theory (SDT; Deci & Ryan, 2000). By providing gesture-based and musical feedback, the system
supports autonomy by allowing participants to engage actively in a dynamic interaction rather than passive
listening. Synchronized gestures, verbal affirmations and musical cues enhance competence by reinforcing a sense
of mastery and successful performance. Additionally, the robot’s expressive responses create a sense of relatedness,
fostering social presence and shared enjoyment within the group setting.

5.1.3 Design implications

From a design perspective, this study shows the value of combining gamification mechanics with multimodal
interaction. Features such as synchronized dance, music and expressive gestures strengthened students” motivation
and enhanced the robot’s social presence. However, designers should also be mindful of balancing pressure and
autonomy. While competition was motivating, excessive stress could hinder learning in some contexts. Beyond the
current implementation, the system could benefit from incorporating adaptive and personalized feedback
mechanisms. For example, the robot could adjust its verbal feedback, gestures and musical responses based on
learners’ prior performance or engagement profiles. Such personalization could enhance feelings of autonomy and
competence, aligning with principles of self-determination theory and further boosting motivation during repeated
interactions.

Taken together, these implications suggest that educational robots should not only deliver content but also function
as motivational partners, with fairness, multimodality and adaptive engagement mechanisms at their core.

5.2 Limitations and future work

This study has some limitations that should be acknowledged. Firstly, while the results demonstrate clear
motivational and engagement benefits of the multimodal condition, we did not employ a pre/post IMI design, which
limits our ability to track baseline changes over time. Future experiments should incorporate repeated measurements
to capture longitudinal trends. Secondly, the study was limited to a single university and a relatively small
participant group, which constrains the generalizability of the findings. Additional experiments in varied cultural
and educational contexts are needed to examine broader applicability. Thirdly, while our system achieved near-
perfect accuracy in first-responder detection, residual delays in noisy conditions could influence perceived fairness
in larger or more acoustically complex environments. Lastly, a longitudinal approach is recommended to assess
whether the observed motivational and engagement effects are sustained over multiple sessions as the novelty of
robot-assisted quizzes diminishes.

Future studies could integrate physiological or behavioural measures, such as heart rate variability, facial expression
analysis, or gaze tracking, to capture real-time indicators of stress, engagement and emotional states. These
multimodal data would complement self-reported measures and offer deeper insights into learners' experiences.
Future studies may also expand the design space by introducing adaptive feedback mechanisms that calibrate
competition intensity and multimodal cues according to learners’ individual profiles. Furthermore, integrating
learning outcome measures (e.g., retention tests, concept mastery) with motivational and engagement indicators
would provide a more holistic evaluation of robot-mediated education. Finally, cross-cultural studies could
investigate how perceptions of fairness, pressure and enjoyment vary in different educational contexts, thereby
broadening the relevance of research into multimodal human-robot interaction.

6 CONCLUSION

This study examined how a sound-driven, multimodal quiz game moderated by the Pepper robot influences
students” motivation, engagement and perceptions of fairness compared to a verbal-only condition. Guided by two
research questions and five hypotheses, the investigation combined quantitative analyses of Intrinsic Motivation
Inventory (IMI) subscales with qualitative feedback from participants.

The findings demonstrate that multimodal robot interaction significantly enhanced students” enjoyment, perceived
competence, effort and sense of choice, while also fostering higher engagement through competitive tension.
Participants perceived the system as fair due to the reliable cross-correlation-based first-responder detection module
and described the robot’s expressive behaviour as emotionally engaging and human-like. These results confirm that
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fairness and multimodal feedback are critical design elements for sustaining motivation and engagement in robot-
mediated education.

From an educational perspective, the study highlights that social robots can act not only as facilitators of learning
but also as motivational partners capable of creating enjoyable and stimulating environments. Technically, the
integration of precise sound-based first-responder detection with multimodal feedback establishes a scalable
foundation for fair and engaging classroom applications.

Nevertheless, the scope of the study was limited by its moderate sample size and short-term focus. Future work
should validate these results with larger and more diverse participant groups, investigate long-term motivational
effects and implement adaptive feedback systems that dynamically adjust competition intensity to learner profiles.

Overall, this research contributes to the growing evidence that educational robots designed with fairness,
multimodality and gamification at their core can meaningfully enhance student motivation and engagement. By
linking technical accuracy with educational impact, the study advances both theoretical understanding of human-
robot interaction and practical deployment of intelligent robotic systems in classroom contexts. Future research
should further explore adaptive multimodal responses informed by learners’ real-time affective states and examine
the system scalability across diverse cultural and educational settings.
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