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research further highlights the role of the voice as a social 
communication tool that significantly influences students’ 
interaction and engagement. For example, educators can 
convey emotions, enthusiasm, and deep understanding 
by modulating their voices [78], enabling them to estab-
lish emotional connections that make students feel more 
involved in learning [82].

In such contexts, voice technology applications offer 
substantial promise [1, 49] as interfaces, intelligent vir-
tual assistants, and conversational agents strive to emulate 
natural dialogue and meet the growing demand for seam-
less, intuitive human-machine interaction [19, 33]. Smart 
service systems with voice conversation capabilities have 
undergone tremendous innovation in recent years, largely 
due to significant advances in artificial intelligence (AI) 
[7, 26, 88]. The sophisticated, data-driven models expand 
virtual agents’ and robots’ capabilities in ways that offer 
clear applications for the educational sector [40]. Intelligent 
tutors, such as DreamBox, Smart Sparrow, or Knewton, 
use AI algorithms to analyse student data and recommend 
personalised lessons and activities, based on each student’s 
learning styles, abilities, and progress. The market for such 
educational AI has been valued at US$1.82  billion as of 
2021. It is expected to grow at a compound annual rate of 

1  Introduction

When the ethologist Konrad Lorenz [45] started talking to 
a brood of motherless ducklings regularly, the birds showed 
signs of sensitisation to his voice and a genuine preference 
for the human voice [73]. To evoke attention too humans 
are born with the ability to communicate, primarily through 
wailing, which during infancy serves to convey their unique 
wants and states to caregivers. Pittam’s [61] emphasis on 
the importance of voice in social behaviour identifies it as 
a means to establish bonds among individuals by express-
ing emotions, attitudes, and personality traits. Educational 

	
 Cristina Mele
cristina.mele@unin.it; cristina.mele@unina.it

Tiziana Russo-Spena
russospe@unina.it

Irene Di Bernardo
irene.dibernardo@unina.it

Angelo Ranieri
angelo.ranieri2@unina.it

1	 Department of Economics, Management and Institution, 
University of Naples “Federico II”, Naples, Italy

Abstract
This study investigates the role of voice-based educational robots in fostering value co-creation focusing on how their 
personalised and adaptive interactions affect students’ learning practices and outcomes. Grounded in a theory-driven 
abductive methodology, the research draws on data from three empirical studies involving 270 undergraduate students who 
engaged with the voice-based robot Abii. Data collection methods included student diaries, focus groups, and participant 
observations, analysed through an integrated approach combining narrative analysis, text mining, and sentiment analysis. 
The findings reveal that the voice-based robot significantly enhances learning by providing personalised, real-time feed-
back and facilitating interactive, adaptive experiences. These robots broaden access to resources, extend student engage-
ment, and augment learner agency, resulting in both hedonic and utilitarian value outcomes. By adopting a service-oriented 
lens, the study contributes to the literature on educational technology, offering fresh insights into how voice-enabled smart 
nudging can reshape value co-creation processes in education.
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36.0% by 2030, driven by increasing educational technol-
ogy investments by private and public sector actors and the 
expanding reach of education.

In their efforts to simulate human-like communica-
tion, educational robots attempt to replicate the nuanced 
delivery and personalised feedback that human teachers 
provide [68]. They leverage natural language processing 
and machine learning algorithms to adapt their responses 
to students’ reactions and learning patterns [84]. Whether 
manifest as physical entities or virtual avatars, these assis-
tants encourage learners to explore diverse perspectives and 
broaden their knowledge base [80]. Research into educa-
tional robots also reflects interdisciplinary input, with con-
tributions from computer science and education. However, 
most investigations prioritise technological capabilities and 
immediate educational outcomes without addressing the 
broader implications of human-robot interactions for users 
and their potential for co-creating value. In an educational 
setting, value co-creation implies that educators and learn-
ers engage in reciprocal activities to enhance their mutual 
growth and development, suggesting the potential for ser-
vice research to contribute to these discussions as well [28].

There is scant debate on the advantages of integrating 
robots into educational contexts from a service perspective 
[49, 52], which constitutes a critical gap in light of ongo-
ing debates about the potential for AI to enhance humans’ 
learning abilities [48, 50]. To determine how voice-based 
robots affect education beneficiaries and their potential for 
improving learning practices, we frame learning as a collab-
orative practice co-created by educators and students, facili-
tating both the acquisition of knowledge and the ability to 
understand and apply it. In such a practice, robots’ voice 
capabilities might become a resource that has the potential 
to contribute to value. We initiate these considerations with 
a broad research question: How do voice-based robots affect 
students’ learning practices?

To answer this question, we undertook empirical research 
(Dubois and Gadde, 2001) involving the voice-based robot 
called Abii. Three studies with 270 students provide the 
basis for a theory-driven abduction process. To interpret 
the findings, we turn to the nudge theory [71] and the smart 
nudging framework in service literature [51]. Smart service 
systems (e.g., educational robots) provide as smart nudges 
by affecting “people’s behaviour predictably, without 
excluding options or significantly changing their economic 
incentives” [51], p. 957). By integrating these theoretical 
lenses with service-oriented perspectives, we can demon-
strate how conversational robots, and Abii in particular, can 
support and improve student learning practices.

Moreover, situating learning as a collaborative, co-cre-
ative process between educators and learners allows us to 
interpret how voice-enabled smart nudging —embodied 

in educational robots like Abii— materialises in practice. 
Within this frame, interactions unfold in ways that appear 
to broaden resource accessibility, extend student engage-
ment, and augment learner agency. Voice-based educational 
robots offer effective resources for enhancing learning 
practices by providing personalised, real-time feedback to 
students, which increases their resource accessibility. They 
also engage students through interactive, adaptive learning 
activities, which can help maintain their interest and moti-
vation over time. Finally, voice-based robots can foster a 
sense of agency among students, encouraging them to take 
ownership of their learning practices. We specify hedonic 
and utilitarian value outcomes [44] of using voice-based 
robots to establish a more comprehensive understanding of 
their impact on students’ learning experiences.

The remainder of the paper is structured as follows. 
Section  2 reviews the theoretical foundations, discussing 
learning practices from a value co-creation perspective, the 
role of educational robots, and the concept of smart nudg-
ing. Section  3 presents the research approach, including 
data collection and analysis. Section 4 reports the empirical 
findings, illustrating how voice-based robots influence stu-
dents’ learning practices through smart nudging. Section 5 
discusses the theoretical contributions of the study, while 
Sect.  6 outlines its practical implications. Finally, Sect.  7 
highlights the limitations of the research and suggests direc-
tions for future studies.

2  Theoretical Framework

2.1  Learning Practices: Value Co-Creation 
Perspective

Traditional education perspectives on teaching and learn-
ing suggested a unidirectional process in which knowledge 
would be transferred from educators to learners. However, 
more recent approaches, in education as well as organisa-
tional theory and service research, propose a more col-
laborative, co-creative stance [13, 22]. Practice theory 
emphasises the significance of experiential learning, which 
can bridge the gap between theoretical knowledge and situ-
ated expertise by immersing students in real-life situations, 
thereby promoting learning and knowing through active 
participation in hands-on activities and reflection [21, 65]. 
In this sense, the focus has shifted from the outcome (i.e., 
knowledge as a noun) to the process of how social practices 
form and evolve (i.e., knowing as a verb) when agents inter-
act with the world, resulting in a reflective accomplishment 
[56]. Learning is a practice through which people acquire 
new knowledge, skills, attitudes, or values; knowing 
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pertains to their ability to understand, apply, and transfer 
this acquired knowledge to different contexts.

A practice-based approach can be complemented by 
value co-creation theories from service research, which pre-
dict that value gets collaboratively generated through the 
active participation of multiple actors [14]. This perspec-
tive extends beyond traditional teacher-centred models by 
positioning students as active participants or co-creators in 
their educational journeys, who integrate their resources 
(i.e., skills and capabilities) with institutional resources 
(i.e., academic facilities, technological infrastructure, fac-
ulty expertise, and support services) [36]. Learning emerges 
not merely from exchanges of knowledge or information 
but also through dynamic processes, in which both parties 
actively engage to co-create knowledge and understand-
ing. Thus, learning can be conceptualised as a process of 
value co-creation [13, 28], in which students’ active engage-
ment nurtures the development of knowledge and skills, 
while empowering them to take ownership of their learn-
ing. Engagement also contributes to instrumental (academic 
performance) and experiential (satisfaction, loyalty) learn-
ing outcomes. By actively participating, students can rec-
ognise their strengths and areas for growth [70], which, in 
turn, fosters increased motivation and a deeper commitment 
to learning—ultimately enhancing achievement and satis-
faction [14]. However, meaningful co-creation also depends 
on learning environments intentionally designed to stimu-
late engagement and support collaboration among students 
and between learners and educators. As examples of collab-
orative practices, peer reviews and discussion forums can 
enhance learning by allowing students to share their diverse 
perspectives and insights [76].

Recent advances in learning theory highlight the poten-
tial of digital and cognitive technologies to strengthen col-
laborative educational practices [43]. Human–machine 
interactions, supported by AI and related tools, can foster 
autonomous learning and enable personalised pathways tai-
lored to individual styles, paces, and goals through adaptive 
methods, differentiated instruction, and real-time support 
[47]. Within this landscape, technology-based solutions 
have been shown to enhance learners’ comprehension and 
cognitive abilities [46, 50], although most studies to date 
have concentrated on applications, collaborative platforms, 
and augmented reality, primarily assessing their impact on 
learning outcomes [60]. Emerging research on educational 
robots, however, points to novel opportunities and chal-
lenges for co-creation in education. By being embedded in 
students’ learning environments, these robots can encourage 
interactive, personalised experiences and, as we argue, may 
further advance value co-creation through smart nudging 
mechanisms.”

2.2  Educational Robots: The Role of Voice

Educational robots are pedagogical or intelligent agents 
that support learning and teaching [34]. They serve as 
dynamic facilitators that deliver direct instruction but also 
promote collaborative peer interactions and amplify student 
participation [5, 52]. Among interdisciplinary research on 
educational robots, we note contributions from education, 
pedagogy, sociology, and computer science. Even though 
transformative service research also acknowledges the criti-
cal role of education and the need to address technologies 
[59], we find little consideration of how AI and social robots 
might enhance people’s learning abilities [50].

Some studies address the opportunities created by the 
adoption of educational robots (e.g., [9, 87], describing 
robots as valuable tools to help teachers by providing dis-
tinctive capabilities, such as precision in executing repeti-
tive tasks, flexibility, interactivity, and mimicking humanoid 
appearance and behavior [87]. Their versatility enables edu-
cators to tailor their instructional methods to diverse edu-
cational objectives [66]. Another research stream focuses 
on students and how robots facilitate their learning experi-
ences by providing enjoyable, hands-on activities that fos-
ter engagement and interaction [81]. A dynamic approach 
to learning can enhance students’ motivation, capture their 
interest, and promote improved learning outcomes [3]. In 
addition, robots are invaluable for cultivating 21st-century 
skills (e.g., learning, literacy, life skills) [25]; they push stu-
dents to develop their problem-defining and -solving and 
teamwork skills [23, 24], such that they become empowered 
in their learning journey [3].

Researchers also describe various robot types and their 
functions, from embodied physical robots to virtual alterna-
tives (e.g., [48, 87]), both text-based and voice-based (e.g., 
[32, 49, 52]). For this research, we focus on voice-based 
robots designed to engage people through conversation, 
games, quizzes, or storytelling [35, 67]. The robot’s voice 
provides a potent social signal, and the design of that voice 
could influence people’s emotional responses to and accep-
tance of the robot [15]. In educational settings, language 
and direct communication are effective teaching methods 
[3, 41]. Thus, robots’ speaking speed, voice type, and emo-
tional tone affect students’ learning performance [20]. Most 
studies assess the impacts of a range of technical features, 
including voice humanisation (male vs. female voice), shape 
(virtual vs. physical), context (24 × 7 days vs. classroom), 
and the type of tasks performed (gaming vs. questioning) 
[20, 67]. Although some studies consider which factors 
influence the adoption of robots in educational settings 
[38], including technology user acceptance [42], they tend 
to elide the specific outcomes of such adoptions. We pri-
oritise understanding the mechanisms of value co-creation 
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continuously involved in their activities. Intelligent tools 
can personalise interactions and content to reflect users’ 
preferences and behaviours, thereby maintaining their 
interest and participation over longer periods. Moreover, 
technologies amplify agency by empowering users to take 
control of their actions and decisions; AI-driven platforms 
give users tools to analyse their data, set goals, and track 
their progress autonomously. However, cognitive technolo-
gies alone do not automatically result in smart outcomes; 
instead, they enhance type-2 nudges [29] and facilitate the 
creation of a behavioural environment that encourages new 
practices, leading to impacts on behaviours and outcomes 
through deliberate judgments and informed choice.

We adopt and apply the smart nudging framework [51] to 
educational contexts to investigate how students’ processes 
of learning and knowing may be deepened, engagement 
strengthened, and autonomy supported using smart tech-
nologies. Building on the premise that nudges are generally 
intended to benefit individuals [72], we examine their impli-
cations for value co-creation. While acknowledging exist-
ing criticisms of nudge mechanisms [69], we focus on their 
potential relevance in educational settings.

3  Research Approach

With an abductive approach, we conduct data collection, 
analysis, and pursuit of complementary theories in itera-
tive cycles, alternating among theoretical concepts and field 
observations to enhance our understanding of the theory and 
the data [16, 17]. We apply this approach to the introduc-
tion of Abii, a smart, physical, voice-based robot, primar-
ily designed for educational contexts. Specifically, the robot 
can deliver lessons through voice and movement while 
monitoring student reactions and performance using speci-
fied sensors (Table 1), so this setting is appropriate for ana-
lysing how this technology can support both students and 
teachers in the learning process.

We conducted three pilot projects involving 270 students 
enrolled in different undergraduate management courses 
(average age of 23 years) over two consecutive academic 
years, with a balanced representation of female and male 
participants. The studies encouraged students to reflect on 
lessons delivered by the voice-based robot and describe their 
learning experiences. Participants in each pilot project were 
assigned to complete a lesson with Abii over the course of 
four distinct phases: fruition, reflection, group discussion, 
and choral discussion, reflecting a process that moves from 
individual interactions to group discussions (Fig. 1).

in an educational environment as paramount for improving 
the quality of educational services. In turn, we propose that 
robot voice might provide a nudge to engage students and 
affect their value co-creation practices.

2.3  Smart Nudging

Rooted in behavioural economics [74], nudging theory 
offers a framework for improving judgments and minimis-
ing negative influences [71]. A nudge is a subtle intervention 
designed to correct cognitive errors and guide individuals 
toward beneficial choices while still allowing for alterna-
tive options. It involves indirect encouragement rather than 
explicit instruction or enforcement to help people make bet-
ter decisions than they might otherwise.

In education, nudges are effective in enhancing academic 
performance and related behaviours [12]. For example, 
regular updates from teachers to parents about their chil-
dren’s performance significantly reduce dropout rates [39] 
and increase the frequency of literary activities [83]. In a 
large-scale experiment, setting goals increased the num-
ber of exams completed and improved course performance 
[10]. Similarly, personalised online nudges based on social 
comparison positively affect students who place limited 
importance on grades, resulting in improved end-of-term 
outcomes [8]. However, most of these studies emphasise 
short-term behavioural adjustments [62, 63], while giving 
less attention to sustained learning processes and student 
engagement [77]. Against this backdrop, the rise of AI as a 
tool for autonomous, interactive, and self-learning systems 
capable of performing tasks that traditionally require human 
intelligence—such as nudging—has sparked growing inter-
est in its educational potential [66, 75]. Although not in an 
educational context, Mele et al. [51] describe smart nudg-
ing, which involves using cognitive technologies to influ-
ence behaviour predictably without limiting options or 
drastically changing economic incentives. These technolo-
gies support the design of choice architectures that can (1) 
augment human capabilities by offering personalised, real-
time data for better decision-making, (2) affect emotions by 
reducing stress and anxiety, and (3) enact social bonds by 
facilitating connections and collaborations among users. In 
turn, they can enhance resource accessibility, extend actor 
engagement, and augment actor agency, all of which foster 
value co-creation.

Technologies enhance resource accessibility by provid-
ing users with real-time data and information that would 
otherwise be inaccessible. For example, smart wear-
ables and intelligent platforms aggregate and analyse vast 
amounts of data to offer tailored recommendations and 
insights. Technologies also extend engagement by creat-
ing interactive and immersive environments that keep users 
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collective viewpoints, facilitating a critical reflection on 
their experiences [37, 58, 79].

Third, all four researchers engaged in participant obser-
vation, a widely adopted method in qualitative research to 
gain deeper insights into participants’ behaviours, interac-
tions, and experiences [54]. We observed student–robot 
interactions in the learning setting, noting responses simul-
taneously for each participant. We conducted 41 observa-
tions, averaging 30  min each, resulting in approximately 
1,230 min of observation data. In the final collective discus-
sions following each project session, we captured nuanced 
aspects of the voice-based robot and gained a clearer com-
prehension of the value co-creation dynamics in each learn-
ing environment.

3.2  Data Analysis

To ensure a comprehensive and unbiased evaluation of all 
these data [11], the analysis involves three techniques: nar-
rative analysis, text mining, and sentiment analysis. First, 
with narrative analysis, we gain an exhaustive overview 
of the discourse, designed to understand the underlying 

3.1  Data Collection

We collected data with multiple methods across the four 
phases for each pilot project (Fig.  1). To capture a broad 
range of perspectives, we employed both individual and 
collective approaches, engaging students as well as all four 
researchers.

First, we employed a diary research method [6], a qualita-
tive technique widely used to document unfolding phenom-
ena [30]. Students were instructed to record their interactions 
and reactions meticulously throughout each project phase. 
They documented their real-time thoughts and reflections 
at the end of each lesson involving the Abii robot. These 
diaries were then digitally transcribed and stored in individ-
ual Word documents for subsequent analysis. This method 
offered rich insights into students ' experiences, allowing us 
to delve into their thoughts and reflections.

Second, to explore collective perspectives and deepen 
reflections on how Abii affects co-creation, we conducted 
focus group discussions, in which we encouraged students 
to share their thoughts, engage with their peers, and present 

Table 1  Capabilities of abii
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common phrases by examining sequences of tokens. This 
method involves analysing contiguous sequences of n 
tokens (where n can range from 1 to several words) to cap-
ture any frequently occurring phrases and patterns within 
the text [85]. For example, we assess bi-grams (two-word 
phrases) and tri-grams (three-word phrases) to identify 
and reveal any common expressions and thematic patterns, 
thereby gaining deeper insights into how students describe 
specific concepts. Finally, topic modelling was crucial to 
our text-mining process. With latent Dirichlet al.location 
(LDA), we uncover underlying topics within the text seg-
ments. This statistical method can identify clusters of words 
that frequently occur together, thus revealing the main top-
ics discussed across the diaries [2]. According to the LDA, 
we categorise the text into three themes: (1) instant feed-
back, (2) encouragement, and (3) reinforcement. Thus, we 
gain a structured way to understand the primary topics of 
discussion and the relationships across different themes.

Third, applying text mining with ChatGPT-4, we con-
ducted a sentiment analysis (opinion mining) to determine 
the overall sentiment of the text segments related to value 
co-creation achieved through the robot’s nudges. With this 
technique, we extract subjective information from students’ 
responses to identify trends, such as shifts in mood or sen-
timent. We specifically looked for positive, negative, and 
neutral sentiments expressed in the text, which we catego-
rised to gauge the emotional tone of the students’ reactions 

themes, patterns, and meanings embedded in the context 
and uniqueness of each situation [57]. It involves exam-
ining the content and the sequence of events in students’ 
experiences, as recounted in their own narratives, so it con-
tributes to theory development by adding explicit and tacit 
knowledge [27]. This approach facilitates our identification 
of preliminary threads and unique insights.

Second, to limit researcher bias, we used ChatGPT-4 to 
perform a text mining analysis [53, 86]. This tool employs 
natural language processing and machine learning tech-
niques to analyse textual documents, identify patterns in a 
structured format, and extract meaningful insights [18, 85]. 
The text mining process involved several sub-steps, includ-
ing preprocessing and cleaning the text from students’ dia-
ries. Such a process involved removing stopping words 
and punctuation, and converting everything to lowercase 
to ensure uniformity. This step is crucial to standardise the 
text for further analysis. Then, we broke the cleaned text 
down into individual tokens, or the basic units of the text 
(e.g., words, phrases), to facilitate a detailed analysis of the 
text data [2, 4]. Moving on to exploratory data analyses, we 
conducted a word frequency assessment to identify the most 
common words used in the text, which included Abii, tech-
nologies, learning, concentration, interactive, personalised, 
students, memory, problem-solving, creativity, engagement, 
independent, cognitive, potential, improvement, and learn-
ing. With an N-gram analysis, we also sought to identify 

Fig. 1  Pilot study phases
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numerous neutral statements provide factual or informa-
tive content, signalling students’ balanced perspectives and 
objective observations, which offer background information 
or describe the robot’s functionalities, particularly its voice 
capabilities. We also note a few mentions of concerns or 
drawbacks, such as the robot’s inability to replace human 
teachers completely and the need to rely on other supporting 
devices (e.g., computer interfaces) (Appendix I). Nonethe-
less, the overall sentiment suggests that students view the 
voice-based robot as a beneficial addition to their learning 
and knowing processes.

To enrich our analysis, we applied a theory-driven abduc-
tive approach [16]. Specifically, we connected the three 
main themes that emerged from the data—instant feed-
back, encouragement, and reinforcement—with the three 
choice architectures of smart nudging identified in service 

to the voice capabilities of the Abii robot and thereby enrich 
our understanding of their experiences [55] (Fig. 2). We find 
that Abii elicits a spectrum of emotional responses, though 
positive reactions dominate (Table 2). The diaries generally 
display favourable perspectives on the robot’s integration 
into educational practices, emphasise advantages (e.g., stu-
dents’ curiosity, enthusiasm, satisfaction, and appreciation), 
and refer to Abii’s support and effectiveness. In addition, 

Table 2  Sentiment frequency analysis of students’ diaries
Sentiment Examples Frequency 

(0–1)
Positive Enthusiasm, curiosity, support, engage-

ment, and satisfaction
High (0.6)

Neutral Balanced perspectives, objective 
observations

Moderate 
(0.3)

Negative Distraction concerns, limitations Low (0.1)

Fig. 2  Data analysis and interpretative framework
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are relevant to their specific needs. For example, the robot 
specifies:

Hey there! I’m Abii, your smart learning companion. 
Do you want to explore a new topic or need help under-
standing one you already know? I’m here to explain 
whatever you need and provide all the answers you 
seek. Let’s embark on this journey together! (Abii)

Students report preferences for vocal interactions during 
lessons; they find listening to explanations simpler and more 
enjoyable than reading text. Simple vocal question-and-
answer sessions provide students with real-time feedback, 
allowing them to immediately clarify any doubts or miscon-
ceptions without interruptions or concerns about teachers’ 
availability. The spoken explanations provide clear informa-
tion to help students grasp the concepts with less effort. Sup-
pose Abii clarifies the lesson topics automatically, without 
prompting from students. In that case, it also creates a more 
seamless, intuitive learning experience that reduces the cog-
nitive load on students, enabling them to access information 
more effectively. Thus,

Although I initially had low expectations, I was pleas-
antly surprised. Abii explained the lesson very well, 
almost like my educator. The lesson was simple and 
clear, and I understood the topic effortlessly. (Student 
No. 21)

Abii is useful to receive answers and clarifications 
in real time without any delays. During the lesson, I 
only needed to ask a few questions aloud, and Abii 
responded immediately and accurately. (Student No. 
47)

Many other students explain how the voice-based interac-
tions support ongoing customisation of learning approaches, 
to reflect their personal efforts. Abii hears students’ reactions 
and keeps track of their performance, then continuously 
adapts lesson materials and frequently provides tailored 
recommendations. For example, by breaking down complex 
lessons into smaller, more digestible chunks, Abii’s voice 
prompts guide students step-by-step through tasks. Students 
navigate the content at their own pace, reducing the risk of 
feeling overwhelmed, supporting their comprehension, and 
facilitating steady progress. They also acknowledge how 
the customised tone and pacing accommodate their unique 
learning styles. Whether a student benefits from a slower 
approach or prefers a quicker, more energetic delivery, Abii 
adapts to those preferences, thereby maintaining the flow 
of learning and preventing frustration due to unresolved 

literature: widened resource accessibility, extended student 
engagement, and augmented learner agency [51]. This ana-
lytical step offers a richer, more nuanced perspective on how 
robots influence (educational) value co-creation practices. 
The comparison of the automated text mining and analy-
sis also reinforced the reliability of our conclusions and 
allowed us to validate the findings, identify any discrepan-
cies, and achieve a robust and comprehensive understanding 
of the data [11, 85].

4  Findings

In the investigated educational settings, Abii functions as a 
valuable resource, nudging learners toward more engaged 
and effective practices. By supporting a transition from tra-
ditional methods to more dynamic approaches, its advanced 
speaking capabilities play a central role in this transforma-
tion. Through instant and interactive responses tailored to 
individual learning styles and needs, Abii creates a per-
sonalised educational experience. In delivering feedback, 
encouragement, and reinforcement, the robot facilitates 
access to resources while promoting engagement and auton-
omy. In this way, it contributes to the co-creation of learning 
practices and value outcomes for students. The following 
sections examine how Abii’s nudging mechanisms operate 
and shape value co-creation.

4.1  Voice-Based Smart Nudges

Abii speaks with students, nudging them toward broader 
access to educational content, establishing long-lasting 
involvement with lessons, and amplifying their ability to 
take charge of their own educational journeys. In line with 
the smart nudging framework [51], we address three nudg-
ing mechanisms in the conversations between Abii and stu-
dents: widening resource accessibility, extending student 
engagement, and augmenting learner agency.

4.1.1  Widening Resource Accessibility

Access to wider information and enriched resources that 
otherwise would be inaccessible is a fundamental aspect 
through which smart nudging contributes to value co-cre-
ation [51]. In our empirical research, we found that voice 
robot capabilities enhance the ease and effectiveness with 
which students access, utilise, and obtain resources. Abii 
provides instant feedback, information retrieval, and per-
sonalised learning, such that students can access educational 
resources through simple voice commands, and the indi-
vidualised content ensures that the resources they receive 
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acknowledge how this approach established an interactive, 
engaging learning environment right from the start, ensur-
ing that they were mentally prepared and motivated to dive 
into the content of the lesson:

Hi there! Before we begin our journey together, please 
take a close look at my camera and monitor and lis-
ten carefully to what I say. Be sure to answer the pre-
assessment question before we start the lesson! (Abii)

Abii’s vocal questions made us engage more from 
the beginning to the end of the lessons. We quickly 
realised the importance of paying attention because a 
question could arise at any moment. We believe this 
motivates us to do our best! (Group discussion No. 35)

Once their attention is piqued, Abii’s voice capabilities also 
keep students mentally active, motivated, and invested in the 
learning process. The robot’s ability to respond verbally to 
their correct or incorrect answers actively stimulated them 
to continue the conversation. Rather than merely absorbing 
information passively, students engage in dialogue, which 
then shapes the course of their learning and deepens their 
understanding of the lesson content. Abii’s interactive nature 
accordingly transforms the traditional learning dynamic, 
creating a two-way exchange in which students feel heard 
and supported. The verbal feedback mechanism corrects 
misunderstandings in real-time and provides encourage-
ment, which boosts students’ willingness to participate. As 
students anticipate and react to Abii’s prompts, they remain 
attentive and engaged; in other words, they are consistently 
encouraged to think critically and respond thoughtfully to 
the challenges presented.

Awesome work! You’ve tackled this challenge like a 
pro. Stay confident and keep pushing forward—you’re 
on the right track! Stick with me, and we’ll accom-
plish amazing results together. (Abii)

Abii explains and often asks thought-provoking ques-
tions. If you provide a good answer, it celebrates your 
success; conversely, when you answer poorly, Abii 
seems to react frustrated. Fortunately, Abii continues 
to support you by providing reassurance and explain-
ing the reason for the mistake. This approach deeply 
involved me and motivated me to learn and perform at 
my best. (Student No. 48)

Furthermore, students mention the importance of Abii’s 
supportive and encouraging tone as essential for establish-
ing a strong emotional connection, which then can foster a 
positive and motivating learning environment. Movements 

questions. Each student receives the most effective learning 
experience, tailored to their unique needs and preferences:

Did you get the lesson? If you’d like, I can explain it 
again more slowly and in detail. Just let me know how 
you prefer to learn! (Abii)

Abii listened to us, adapting accordingly, which 
greatly improved our learning experience. If we men-
tioned that we didn’t understand something, it would 
repeat the topic at a slower pace. When we asked for 
more details, it adjusted the lessons to our preferences. 
This kept us engaged throughout and made it easier to 
tackle the lesson. (Group discussion No. 10)

4.1.2  Extending Student Engagement

Establishing lasting, motivated interactions [51] and consis-
tent engagement is a critical education goal, necessary for 
keeping students meaningfully interested and emotionally 
involved over time. Such outcomes demand more than con-
tent delivery; they entail fostering an environment in which 
students are continuously motivated, and their interests are 
actively nurtured. With our empirical research, Abii’s vocal 
tones and expressions can instil students’ beliefs in their 
own abilities by emphasising the effort they put in, the prog-
ress they have made, and their future potential, rather than 
focusing solely on outcomes. Abii highlights such efforts by 
offering encouragement in ways that attract students’ atten-
tion, motivate their continued learning, and reinforce emo-
tional connections, such as

Keep it up! It’s your persistence and willingness to 
learn that truly shine. Your potential is limitless. Keep 
believing in yourself and pushing forward! (Abii)

That is, establishing engagement begins with the critical 
task of capturing and maintaining students’ attention and 
concentration. This foundational step is essential for encour-
aging effective learning and facilitating value co-creation 
in educational settings. Students mention Abii’s pivotal 
role in this process. By using clear, approachable language 
and instructions, Abii immediately establishes a connec-
tion with them; the friendly interaction creates a sense of 
comfort and readiness, leaving students more receptive to 
the learning experience. The initial vocal interaction, as 
requested by Abii, is strategically designed to capture stu-
dents’ attention and set the stage for active participation in 
the upcoming learning activities. A pre-assessment question 
serves as a tool to gauge students’ prior knowledge but also 
activate their thinking and curiosity. Students consistently 

1 3



International Journal of Social Robotics

students develop resilience and determination, activating 
their efforts to expand their knowledge and learning skills 
continuously and without faltering:

Great job! Your effort and progress are impressive. 
Keep making those smart decisions and taking control 
of your learning. You’re on the right track, and I’m 
here to support you every step of the way! (Abii)

Looks like you’ve hit a bump in the road. Don’t 
worry—mistakes are part of the learning process. Let’s 
review this together so you can get back on track. Your 
persistence will lead to improvement, and I’m here to 
help you succeed! (Abii)

Finally, Abii’s responses spurred students to adopt con-
crete, autonomous actions that could advance their learning 
process. By proposing choices on the learning path, using 
a peaceful voice, Abii gives them the autonomy to choose 
what they want to learn. However, it also guides students 
by identifying specific areas where they may be making 
mistakes, which facilitates a crucial first step toward inde-
pendent correction and improvement. By highlighting these 
errors with an appropriate tone of voice, Abii helps learners 
identify gaps in their understanding while also offering tips 
for overcoming these weaknesses on their own:

Abii’s supportive words gave us the confidence to 
handle tough topics independently. By pointing out 
where we need to improve, we were able to self-cor-
rect our mistakes. This has greatly improved our abil-
ity to manage our own learning. (Group Discussion 
No. 21)

4.2  Value Co-Creation and Outcomes

Voice-based smart nudging provides gentle, timely prompts 
or reminders that guide students toward beneficial behav-
iours. In detail, the widened resource accessibility, extended 
student engagement, and augmented learner agency achieved 
through nudging can enhance value co-creation and thereby 
lead to relevant value outcomes. First, by facilitating seam-
less access to resources, Abii fosters value co-creation by 
enabling students to contribute to their learning experiences. 
With simple voice commands, students can quickly retrieve 
information and access personalised content, making it 
easier to find the resources they need. This ease of access 
removes barriers to educational resources, saves time, and 
increases learning efficiency. As a result, students can focus 
more on gaining an understanding of the content:

and gestures represent distinct ways to engage with the 
learning process; complementing them with voice enhances 
the communication and creates an even more immersive 
and enjoyable learning experience. For example, a sooth-
ing, gentle tone provides comfort during stressful situations, 
while an upbeat, lively pitch conveys excitement and happi-
ness. Because it has such voice capabilities, Abii can convey 
empathy, enthusiasm, concern, or calmness. These emo-
tional expressions encourage students to express themselves 
more freely and participate in the educational process:

Fantastic job! Your dedication is clear, and you’re 
making great progress. I’m so proud of you! Keep 
up the hard work, and remember, I’m always here to 
support you. Since you’ve done so well, I’m going to 
celebrate your achievements with a little dance! (Abii)

Abii’s skillful use of physical techniques, along with 
his pleasant tone when asking and answering ques-
tions, captured our attention and made us feel engaged 
in the learning process, an experience we also shared 
with our classmates. (Group discussion No. 8)

4.1.3  Augmenting Learner Agency

Students need the ability to make decisions and exert 
meaningful control over their learning experience [51]. In 
our empirical research, we find that Abii’s voice capabili-
ties provide reinforcement in a way that pushes students 
to become more empowered and autonomous learners, 
capable of navigating educational paths with confidence 
and purpose. By targeting specific behaviours and consis-
tently applying rewards (positive reinforcement) or remov-
ing negative consequences (negative reinforcement), Abii’s 
voice capabilities lead to more empowered and self-directed 
learning experiences:

I’m here to help you take control of your learning. By 
recognising your progress and rewarding your efforts, 
I aim to support you in becoming more confident and 
independent in your educational journey. (Abii)

Positive and negative responses empower students to learn 
from their mistakes and steer their learning in the necessary 
direction. When they receive positive comments, Abii stim-
ulates their learning process, boosts their confidence, and 
pushes them to continue putting in effort to improve their 
skills. A negative response instead functions as a powerful 
activator of improvement because it is provided construc-
tively. The robot’s reinforcement thus spurs them to per-
sist and delve deeper into their studies, which in turn helps 
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a more engaging and pleasant learning experience, enrich-
ing the educational journey with pleasure and emotional 
fulfilment. As noted, the positive sentiments expressed by 
students underscore these hedonic benefits, reflected in their 
curiosity, enthusiasm, and appreciation.

 
Noting their significant curiosity and enthusiasm toward 
Abii and its speaking capabilities, students feel a sense of 
excitement and anticipation. They are eager to explore the 
lessons facilitated by Abii, often showing increased moti-
vation and a keen interest in participating. This curiosity 
drives them to ask more questions and engage deeply with 
the material; their enthusiasm also translates into a livelier 
and more interactive classroom atmosphere. The novelty of 
interacting with a voice-based robot like Abii sparks stu-
dents’ imagination, making the learning experience not only 
useful but also enjoyable and memorable:

The innovative approach of Abii to integrating voice 
and movement has revolutionised the way I perceive 
learning. I approach the subject I’m studying with 
great curiosity and eagerness! (Student No. 23)

We anticipate lessons because Abii is full of surprises, 
which keeps us captivated and involved, all while 
enjoying the experience together as a group.” (Group 
discussion No. 41)

In turn, students express high levels of appreciation for 
Abii’s effectiveness and interactivity. The robot consistently 
meets and often exceeds their expectations, making it an 
asset in educational settings. They praise its ability to trans-
form complex topics into accessible, understandable con-
tent, which also enhances their value co-creation process. 
The positive reception highlights Abii’s role in creating a 
more immersive learning environment, ultimately fostering 
deeper recognition of educational practices:

Our expectations were exceeded by the effective-
ness of Abii. Its interactive sessions have made com-
plex topics more accessible and easier to understand. 
(Group discussion No. 45)

Studying with Abii has become an enjoyable experi-
ence that makes me look forward to each study ses-
sion. It’s satisfying to have fun while also deeply and 
easily understanding the class material. (Student No. 
2)

With Abii, finding what we need is easy. It’s like hav-
ing a personal assistant for our studies. We just ask, 
and the information via Abii’s voice is immediately 
available, letting us focus more on learning and less 
on searching. (Group discussion No. 14)

Second, by enhancing extended engagement, Abii facilitates 
value co-creation as students maintain continuous partici-
pation in the learning process. This consistent encourage-
ment is crucial for maintaining high levels of engagement. 
Using voice as a medium, the robot captures students’ atten-
tion more effectively than traditional text-based or visual 
methods. Sustained interaction with educational materials 
through reminders, quizzes, and follow-up questions also 
primes their concentration and motivation. Furthermore, 
Abii’s delivery of emotional messages helps students stay 
focused and engaged for longer periods:

Abii’s voice reminders and quizzes help us stay moti-
vated and on track, and it’s more effective than just 
reading or watching videos. The encouraging mes-
sages also make us feel more connected and focused. 
(Group discussion No. 37)

Third, by triggering a stronger sense of agency, Abii con-
tributes to value co-creation as students actively shape 
their learning experiences. The voice-enabled reinforce-
ment enhances students’ autonomy in the learning process, 
enabling them to make more informed decisions about their 
learning pathways and exercise meaningful control over 
their educational journeys. As a result, students are better 
equipped to take charge of their learning, which can lead to 
improved outcomes and a heightened sense of accountabil-
ity for their education:

Abii helps me take control of my learning. In my 
group, we all agree that its voice support enhances our 
confidence, allowing us to make better and indepen-
dent decisions about our studies. This ongoing vocal 
spur leads to improved results. (Student No. 200)

In using its voice to deliver instructions and encourage and 
empower students, Abii contributes to co-create learning 
practices that can produce significant value outcomes. These 
outcomes entail hedonic or utilitarian value, as indicated by 
the students’ sentiments in relation to the interactions.

4.2.1  Hedonic Value

Hedonic value outcomes refer to the experiential benefits 
that increase students’ enjoyment of the educational process 
through voice-based robot nudges. Such nudges can support 
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5  Discussion

This article explores how robots’ voice capabilities are 
becoming valuable resources for co-creating value. Spe-
cifically, we ask: How do voice-based robots affect students’ 
learning practices? The results provide relevant answers 
and substantial evidence on how smart service systems 
(i.e., educational robots) can establish significant benefits 
through smart nudging, thereby enhancing value co-cre-
ation practices. Accordingly, we advance service research 
in several directions.

First, this study provides a comprehensive empirical 
evaluation of the voice-based robot Abii with three proj-
ects, involving 270 undergraduate students. These studies 
provide robust evidence of its effectiveness in educational 
settings [49, 52]. Specifically, the voice capabilities of 
educational robots enable them to deliver personalised, 
real-time feedback and adapt to individual learning needs. 
Students interacted with Abii in various phases—fruition, 
reflection, group discussion, and choral discussion—and the 
detailed insights consistently affirm the robot’s beneficial 
impacts on learning practices.

Second, this paper leverages nudge theory [71] and 
the smart nudging framework in service literature [51] to 
explore how voice-based robots affect students’ learning 
behaviours and outcomes. Nudge theory, originally rooted 
in behavioural economics, aims to guide individuals toward 
beneficial choices without restricting their freedom of 
choice [74]. Our findings in an education context advance 
previous literature (e.g., Clark et al. [10, 12] by introduc-
ing the concept of voice-based smart nudging and its abil-
ity to create interactions that gently steer students toward 
beneficial learning behaviours and decisions. By assessing 
the uses of such technologies, this study fills a gap in exist-
ing service research. It demonstrates how educational robots 
can serve as effective tools for smart nudging [51], offering 
a novel perspective on how voice prompts might improve 
student learning experiences.

Third, these findings offer novel insights into value co-
creation in education. We conceptualise learning as a value 
co-creation process and thereby emphasise the collabora-
tive nature of educational practices [13, 28]. In turn, our 
findings provide a new perspective on learning practices, 
as not merely exchanges of knowledge or information but 
as dynamic processes in which students actively engage to 
co-create knowledge and understanding [14]. A voice-based 
robot can enhance this dynamic by acting as a valuable 
resource that increases resource accessibility, extends stu-
dent engagement, and augments learner agency. The robot’s 
voice capabilities facilitate access to educational content, 
foster continuous interaction, and empower students to 
take ownership of their learning. By providing real-time 

4.2.2  Utilitarian Value

Utilitarian value outcomes refer to practical and functional 
benefits that improve the efficiency and effectiveness of 
the learning experience, including tangible, measurable 
improvements that contribute to educational goals. In this 
sense, both the positive and moderate sentiments shared 
by students highlight utilitarian benefits, which also reveal 
students’ balanced perspectives, objective observations, 
and improvements. Notably, students exhibit a balanced 
perspective on and report objective observations about 
Abii’s capabilities. The utilitarian value they often cite is 
the enhancement of learning performance, reflected in both 
time efficiency and knowledge acquisition. Abii’s voice-
personalised interactions enable students to reduce their 
learning time, compared to waiting for scheduled sessions 
with a teacher, allowing them to achieve their educational 
goals more quickly. In addition, instant accessibility helps 
students overcome obstacles, leading to their deeper under-
standing and retention of knowledge:

Abii’s voice provides instant answers, saving us a lot 
of time. (Group discussion No. 22)

With Abii, I optimise my study time. It asks me ques-
tions, and if my answers are incorrect, it immediately 
points out where I need to improve. This saves me 
time by allowing me to skip over material I already 
know well and focus on the most critical content. (Stu-
dent No. 177)

Students express satisfaction with improved learning, time 
management, and skills development. The robot enhances 
students’ ability to organise their activities and tackle com-
plex tasks with greater efficiency through its voice guid-
ance. The sense of achievement derived from such progress 
highlights how acquired skills can translate into tangible, 
measurable benefits, underscoring the importance of invest-
ing in refining such capabilities:

Thanks to Abii’s voice prompts, we know what to 
focus on and which areas need improvement in our 
studies. This guidance has helped us make study plans 
and decide what to do first, making our study time 
more efficient and effective. (Group discussion No. 
32)
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of voice-based robots can help foster collaborative learn-
ing activities and group discussions, encouraging beneficial 
social dynamics in classrooms. We thus recommend using 
voice technology to create more engaging learning experi-
ences, promote active student participation, and maintain 
students’ interest and motivation over time.

Third, education managers should recognise the potential 
of voice-based robots to empower students to take charge 
of their own learning. The constructive reinforcement and 
guidance they provide encourage students to navigate edu-
cational paths with increased confidence. This shift toward 
autonomy moves beyond improving individual learning 
outcomes; it aligns with broader educational objectives of 
stimulating critical thinking and self-regulation. School-
level strategies and policies should support such transitions, 
including adaptations to curriculum design and assessment 
methods to account for the autonomy these technologies 
promote.

Fourth, education managers can balance different value 
outcomes. The dual benefits of hedonic and utilitarian value 
outcomes can be leveraged actively to create a more compre-
hensive educational experience. Managers should focus on 
strategies that enhance both emotional and practical aspects 
of learning, such as using voice-based robots to make learn-
ing more enjoyable and engaging while also ensuring the 
technologies contribute to tangible improvements in learn-
ing efficiency and effectiveness. By addressing both aspects, 
educational institutions can provide more well-rounded and 
fulfilling learning experiences.

Fifth and finally, adopting such technology requires addi-
tional professional development for educators. Educational 
institution managers should invest in training programs that 
equip educators with the skills to incorporate voice-based 
feedback into their teaching practices, so that they know 
how to interpret the robot’s feedback and integrate it into 
their instructional strategies to support student growth. Pro-
viding educators with the necessary tools and knowledge to 
exploit voice-based robots effectively ensures that the ben-
efits of these technologies can be fully realised. By address-
ing these areas, educational institutions can enhance their 
overall effectiveness and contribute to a more dynamic, sup-
portive learning environment.

7  Limitations and Further Research

The findings shed new light on the significant potential of 
voice-based robots to improve learning practices, but the 
limitations of this research also create opportunities for fur-
ther investigation. First, our research is primarily qualita-
tive and limited to a specific context, though it spans three 
distinct pilot projects. We lack any quantifiable data on 

feedback, encouragement, and reinforcement, Abii evokes 
a more participatory and dynamic learning environment 
in which students and educators co-create knowledge and 
understanding.

Finally, our empirical investigation advances service 
research about the contributions of robots and hedonic/
utilitarian values [31, 44, 80]. By categorising the value 
outcomes of using voice-based robots in education into 
hedonic and utilitarian types, we add to the understanding 
of their actual impacts on students’ learning experiences. 
Hedonic value outcomes refer to emotional and experiential 
benefits, such as increased curiosity, enthusiasm, satisfac-
tion, and overall enjoyment of the learning process. Abii’s 
interactive and engaging nature prompts positive emotional 
connections with students, such that they find learning 
more enjoyable and memorable. Utilitarian value outcomes 
instead pertain to the practical and functional benefits that 
improve the efficiency and effectiveness of learning, such 
as enhanced time management, improved knowledge acqui-
sition, and the ability to tackle complex tasks more effec-
tively. By addressing both emotional and practical aspects 
of learning, we demonstrate that voice-based robots signifi-
cantly enhance the overall educational experience, making 
it more engaging and effective for students.

6  Practical Implications

This research on actual integrations of voice-based robots, 
such as Abii, in educational settings provides new insights 
for practitioners. First, educational managers should con-
sider adopting voice-based technology to enhance students’ 
access to resources and provide them with personalised 
learning experiences. The capabilities of voice robots, which 
can establish tailored interactions with learners and educa-
tional materials, enable them to streamline and enrich les-
son (content) provision. By integrating voice-based robots 
into daily educational practices, educators can ensure timely 
information dissemination and address individual learning 
needs more effectively, thereby improving their students’ 
learning outcomes, but also optimising their own teaching 
time and operational efficiency.

Second, voice-based robots help increase students’ 
engagement, which can make teachers’ educational practices 
more effective. We recommend that educators incorporate 
voice technology into their lesson plans to bolster students’ 
motivation and emotional connection through the promo-
tion of interactive learning processes. By using voice robots 
to offer support during lessons, teachers can adapt their 
instructional strategies in ways that address students’ needs 
promptly, in a dynamic and supportive educational atmo-
sphere. Furthermore, leveraging the interactive capabilities 
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underlying their impacts on learning. Specific topics for 
continued research include: Do the positive impacts of voice-
based robots on student learning practices diminish over 
time as the novelty wears off? How do different design ele-
ments of voice-based robots, such as voice tone, interaction 
style, and personalisation, contribute to their effectiveness 
in educational settings? What are the short- and long-term 
impacts of voice-based robots on students’ motivation and 
engagement, compared with traditional methods?
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