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Artificial Intelligence (AI) tools are currently designed and tested in many fields to improve humans’ ability to make decisions. One of these fields is higher education. For example, AI-based chatbots (“conversational pedagogical agents”) could engage in conversations with students in order to provide timely feedback and responses to questions while the learning process is taking place and to collect data to personalize the delivery of course materials. However, many existent tools are able to perform tasks that human professionals (educators, tutors, professors) could perform, just in a timelier manner. While discussing the possible implementation of AI-based tools in our university’s educational programs, we reviewed the current literature and identified a number of capabilities that future AI solutions may feature, in order to improve higher education processes, with a focus on distance higher education. Specifically, we suggest that innovative tools could influence the methodologies by which students approach learning; facilitate connections and information attainment beyond course materials; support the communication with the professor; and, draw from motivation theories to foster learning engagement, in a personalized manner. Future research should explore high-level opportunities represented by AI for higher education, including their effects on learning outcomes and the quality of the learning experience as a whole.
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1 Introduction

Artificial Intelligence could be defined as a technology able to perform tasks and activities that would be commonly regarded as typical of human cognition and reasoning. From the point of view of applied mathematics, the most well-known subset of AI is Machine Learning, namely algorithms that allow computers to learn from data, examples, and experience, rather than following pre-programmed rules (Sharma et al., 2019). However, AI is a multidisciplinary field (if not a set of several fields), encompassing philosophy, cognitive science, and social sciences focused on AI implementation in real-life contexts (Poola, 2017; Yin et al., 2021).

The implementation of AI in real-life environments requires a high-level understanding of the contexts and agents involved, as well as of the potential users’ expectations. Indeed, as the vast literature on technology acceptance shows, users’ intentions toward technology are determined by users’ attitudes and preconceptions rather than by technology’s actual effectiveness (Marangunić and Granić, 2015).

The use of AI in different contexts, such as education, has generated many concerns within the population. Studies show that although explicit attitudes are generally positive toward the use of AI, there is still resistance at an implicit level (Sebri et al., 2020; Fietta et al., 2021; Fortuna and Gorbaniuk, 2022; Triberti et al., 2023). In general, people working in the numerous fields that involve (or could involve) AI technologies show both an explicit and implicit positive attitude toward AI (Fietta et al., 2021; Schepman and Rodway, 2023). Regarding attitudes toward common-use tools such as ChatGPT, studies have shown that it is influenced not only by individual characteristics such as gender but also by previous experiences of use (Yilmaz et al., 2023). It is therefore necessary to provide clear knowledge regarding the capabilities of AI and to train responsible citizens and students in the appropriate use of technology. AI should be able to improve the educational process, combining human capabilities with technological resources.

On these bases, in the present paper we performed a purpose-oriented literature search of contributions to provide the reader with relevant information about the implementation of AI tools in higher education, with specific focuses on conversational pedagogical agents and the context of distance learning. While this is not intended to be a comprehensive representation of the field, it sets the foundation for presenting our viewpoint based on the implementation of similar tools in our university’s educational programs.



2 AI and the educational context: a focus on conversational pedagogical agents

The fast development of computer science witnessed over the past decades, led to a remarkable evolution of the computational paradigms designed to process a particularly large amount of information in various fields of application. In this sense, the educational context is not unfamiliar to this development, as shown by the advancements in the field of Artificial Intelligence in Education (AIED), which deals with studying the applications of AI in instruction, according to different perspectives and pedagogical paradigms (Tang et al., 2021; Zhang and Aslan, 2021).

To analyze the directions of this field of study, we need to clarify the role played by AI in the educational context through three main modalities characterized by different AI-learner relationships. The first modality sees the AI as an educational agent that directs the learning processes of the student. The second approach gives AI a supporting role in learning processes but in this case, the human-machine interaction emerges as an equal relationship aimed at solving an educational task. Finally, a third paradigm configures AI as an extension of the student’s intellectual abilities assigning the leading role to the student (Ouyang and Jiao, 2021).

A review conducted by Zhang and Aslan (2021) identified the main application modalities of AI in education in the form of Chatbots (conversational pedagogical agents) (Fryer et al., 2017), Expert Systems (Dias et al., 2015; Hwang et al., 2020a,b), Intelligent Tutoring Systems (Matsuda et al., 2020), Machine Learning (Wei et al., 2018; Arpaci, 2019), Personalized Learning Systems (Walkington and Bernacki, 2019), Visualizations (Keshav et al., 2017).

Conversational agents are a great example of the ways AI could contribute to education. Indeed, AI tools such as conversational pedagogical agents have the same characteristics of interactive learning environments such as appropriability, evocativeness and integration (Harel and Papert, 1990; Rospigliosi, 2023). Conversational agents are characterized by appropriability because users, interacting with applications such as ChatGPT, can obtain personalized answers to the questions they ask. Evocation, on the other hand, regards the ability of these tools to stimulate personal reflection by supporting the exchange of conversational questions and answers. Finally, this conversational approach allows for greater integration with existing knowledge and promotes a deeper understanding of multiple meanings and concepts. Conversational pedagogical agents can be used as auxiliary tools in training processes such as knowledge management, needs analysis, training organization and feedback on results. It has been shown that conversational pedagogical agents effectively support scaffolding (i.e., the incremental mastery of a concept) by meaningful interaction (Forsyth et al., 2020). Indeed, these tools support personalized training that can improve the quality of learning (Chen F., 2022; Chen Z., 2022).

The common purpose of the various branches belonging to this research field consists in the structuring of high-quality learning environments that can adapt promptly to the needs of the student, resulting in high-level educational outcomes (Tahiru, 2021). Considering the integration with other AI resources employed in education, a review by Zawacki-Richter et al. (2019) highlighted the main applications aimed at developing predictive models of student performance, streamlining evaluation processes, and personalization of educational paths. These objectives are met by applying computational techniques to automate tasks such as homework assignments, administrative tasks, student admission processes (Johnson, 2019) and information re-processing (Florea and Radu, 2019). More, these strategies can facilitate e-learning through the implementation of human-machine interactions and between users within the same educational platform (Zhang and Aslan, 2021); such interaction can reach particularly complex levels through integration with digital interfaces for the creation of Embodied Conversational Agents (ECA) that show human-like characteristics based on parameters such as non-verbal communication (Kay, 2012; Tahiru, 2021).

Nowadays, however, there are several important open questions related to AIED. An important part of the literature focuses on the digital infrastructure without considering the pedagogical strategies to facilitate the inclusion of these technologies in the educational environment (Chen L. et al., 2020; Chen X. et al., 2020). Moreover, the prototypes may present features that make their use difficult within real-world contexts (for example, the time and the skills that should be developed to use the prototypes do not fit well among the constraints of a university course) (Kabudi et al., 2021). It is particularly important to establish a fruitful collaboration between programmers and educators to apply AI in various educational contexts, without creating discomfort and disorientation in learners, in such a way that students and teachers could be trained in the informed use of similar technologies (Zhang and Aslan, 2021).

One of the strengths of AI lies in its versatility, as it can be easily integrated with various tools and technologies. This adaptability makes AI a potential game-changer in education, particularly in the realm of e-learning. The primary objective of AI in instruction is to provide support that is more effective to students through personalized learning paths tailored to their specific needs, whether in online or in-person settings.



3 Examples and important concepts for conversational pedagogical agents

One of the most significant functions of AI in the field of education is to recreate personalized, interactive and experiential learning environments (Peredo et al., 2011; Chassignol et al., 2018; Hwang and Tu, 2021) capable of engaging students by improving their learning skills (Mikropoulos and Natsis, 2011). For example, Hwang et al. (2020a) tested an expert system that adapted learning materials according to students’ affective state (i.e., anxiety toward math), and demonstrated that both problematic affective states and cognitive load were lower in the experimental group, which also obtained better learning outcomes. Indeed, it is important to consider the effects of AI use in education concerning cognitive load and its boundaries. According to a learning-focused conception of the construct (Paas et al., 2016), cognitive load could be intrinsic (related to the elaboration of learning materials), but also extraneous (related to additional activities within the learning process, e.g., searching for more information) or germane (related to improving the learning process itself, e.g., schema acquisition and automation). Theoretically, the cognitive load related to interaction with a system would interfere with learning depending on how much it could be configured as extraneous. In other words, a system designed to support learning would be helpful insofar as it facilitates or structures the delivery of learning materials or supports schema acquisition. On the contrary, a tool that requires additional effort to be understood and used would generate an extraneous cognitive load that hinders the learning process and possibly reduces its perceived quality.

It has been shown that chatbots, i.e., online software with conversational capabilities, improved students’ learning experience thanks to the personalization of content (Rus et al., 2013; Pokrivcakova, 2019). Chatbots with “humanoid” characteristics were found to be more effective in engaging students (Saerbeck et al., 2010; Olney et al., 2013; Johnson and Lester, 2016). However, it has been verified that exposure to chatbots with overly “human” features can cause a feeling of discomfort in the user that is referred to as the “Uncanny Valley effect” (Hanson et al., 2005; Ciechanowski et al., 2019; Song and Shin, 2024). For obvious reasons, many studies on chatbots and learning focused on language learning, with inconsistent results. Indeed, the review by Huang et al. (2022) identified some opportunities and roles that a chatbot could play within language learning processes (i.e., interlocutors, simulations, transmission, helpline, and recommendation) but also warned the readers about risks and shortcomings. Specifically, chatbots may sound unnatural due to technological limitations; secondarily, their positive effect on motivation may disappear over time due to the “novelty effect”; finally, interaction with chatbots could request divided attention and generate extraneous cognitive load that would negatively affect the learning process.

Consistently, Fryer et al. (2019) showed that learners preferred human to chatbot interlocutors, and interest in chatbots was predicted by pre-existent attitudes toward them, for example in terms of perceived utility. In a recent study (Haryanto and Ali, 2019), the authors used a smartphone application called Siri, capable of helping people acquire knowledge as it can respond in a personalized way to questions. The students who participated in the study welcomed this application with motivation and enthusiasm. Instead, another research (To et al., 2021) assessed the feasibility and effectiveness of a chatbot that gave users reminders, feedback and information to increase physical activity; while the tool obtained positive results in the experimental group compared with controls, its acceptance among participants was just moderate and only 35% of the sample expressed interest in continuing to use the chatbot.

Another category regards Web-based AI systems not based on chatbots but that could be integrated with them. These solutions track and store the interactions between the student and the system to acquire information about the user’s knowledge state, choice, learning style and other relevant attributes. These systems have been found effective in supporting learning and problem-solving processes as well as collaborative learning and peer interactions (Kahraman et al., 2010; Peredo et al., 2011). These systems can build personalized teaching environments adapted to the individual characteristics of the students (Kahraman et al., 2010). It has been verified that these systems can create teaching environments that present diversified content to students based on their previously assessed learning style (e.g., visual vs. verbal; preference for abstract concepts and generalizations vs. concrete practical examples) (Popescu, 2010). This approach increased the efficiency of the student’s learning process as the personalized teaching environment made it possible to acquire knowledge in a short time. Matching learning materials to the student’s learning style can reduce learning effort while increasing motivation and satisfaction. Such systems are still based on AI tools and could be effectively integrated with highly interactive interfaces that feature conversational pedagogical agents that adapt their communicational style based on user data collection (Baylor and Kim, 2005; Fryer et al., 2019; Bolarinwa et al., 2023); communicational style (e.g., formal or informal) could also impact students’ performance, motivation and perceived difficulty of tasks (Li and Graesser, 2017, 2021).



4 Experiences and reflections

In recent years, artificial intelligence technologies have supported teaching and learning processes in different ways, especially in the field of distance education (Dogan et al., 2023). In particular, the processes of educational data mining (EDM), i.e., the analysis of all the educational data recorded on the individual characteristics of the students (learning styles, needs, interests, etc.), have allowed the creation of paths and personalized learning with intelligent tutoring systems that direct the student toward educational content based on his profile and offer personalized feedback and assessments (Wang et al., 2022). Personalized online educational spaces support better learning outcomes (Walkington and Bernacki, 2019). For example, AI tools can improve the learning experience in language studies compared to “human peers” (Fryer et al., 2017).

Pegaso Telematic University, as one of world-leaders in distance learning and the use of new technologies for education, is currently evaluating AI solutions to improve its educational programs as well as the platform that is already used by students and professors to support learning. Our assessment of some opportunities available on the market has led us to share reflections that resulted in the present contribution.

As hinted at above, conversational pedagogical agents available for education still tend to focus on specific tasks: for example, it is possible to create chatbot-based solutions that are trained in course materials and can respond to students’ questions anywhere, anytime. Most of these areas regard the application of AI in reproducing teaching tasks and supporting learning by acting as a lecturer. A crucial aspect of AI is the ability to adapt the contents based on the learner’s characteristics and needs that could emerge during the learning process. According to this view, the teacher, who would be able to exercise empathy, could perform the adaptation. Nevertheless, the AI tools have a great asset: the ability to reduce the time delay in the reply. This is even more relevant because the importance of e-learning increased because of the COVID-19 pandemic (Lemay et al., 2021; Kim et al., 2022).

It is possible to identify five strength points in a system able to provide intelligent, personalized support promptly. The actions that make the conversational pedagogical agent a desirable educational resource are:

1. Providing immediate feedback, e.g., timely corrections to the student’s answers;

2. Aligning the replies with the lesson progression; in other words, a chatbot could respond to questions considering the course material that the student is accessing in the here-and-now or is about to in the next sections;

3. Maintaining the student in the flow experience in a personalized manner; indeed, not being able to receive a response while studying may lead to a “break in presence” in the usage of technology that would negatively affect recall and the learning experience as a whole (Ahn et al., 2022);

4. Preventing the rise of doubts or misunderstandings on fundamental concepts while the study process is being carried on;

5. Providing information about prerequisites needed for a specific lesson or course material that the student is about to access, possibly based on information about the individual student’s progress;

6. Stimulate critical thinking through the promotion of conversational-based learning, which is a learning mode that emerges from an exchange of questions and answers between chatbot and student (Rospigliosi, 2023).

Therefore, while the timeliness of “basic” chatbots (i.e., conversational pedagogical agents trained to only answer questions about course materials) could be an asset, it is possible to extend their capabilities and identify lines of improvement. The primary challenge associated with the use of chatbots pertains to achieving genuine personalization in learning and seamless integration into various virtual learning environments. In distance education communication barriers, lack of interactions, and difficulty in obtaining immediate feedback from teachers are significant drawbacks (Zaheer and Munir, 2020; Kusmaryono et al., 2021). The interactivity of chatbots plays a crucial role in distance learning, with increasing utilization observed in addressing engagement in higher education institutions (Studente and Ellis, 2020; Wollny et al., 2021), thereby fostering a motivating environment even in online and distance learning contexts (Chumkaew, 2023). Chatbots in distance learning cover two primary functions: providing support and delivering feedback (Vázquez-Cano et al., 2021). Consequently, we have identified four specific use case scenarios on the basis of these main functions (see Table 1) in which conversational pedagogical agents can support the work and role of professors/educators, with particular attention to distance education according to a human-in-the-loop approach.



TABLE 1 Use case scenarios for AI tools that support higher distance education.
[image: Table1]

The implementation of the scenarios proposed in Table 1 involves a preliminary collection of data on the profile of students who use chatbots in the field of e-learning (Wu et al., 2020). In particular, the possibility to realize these scenarios requires a profiling of students based on different types of information. These can be collected, for example, in the form of demographic data, school achievement data and psychological data (e.g., questionnaires; behavioral measures such as frequency and duration of access to services) in order to define needs and specific learning styles so that personalized content could be designed (Vladova et al., 2019; Kaiss et al., 2023).

It should be emphasized that conversational pedagogical agents should not replace teachers and professors in any aspect of the learning processes but rather interact with them in a collaborative process as the capabilities of humans and AI can be complementary (Chen F., 2022; Chen Z., 2022). While humans outperform AI in dealing with new and unstructured problems where emotional and value communication as well as adaptation to the environment are necessary, AI outperforms humans in addressing repetitive, objective problems, structured ones that require data management. In this sense, the cooperation between teachers and artificial educational agents, represents the future of education. In this framework, it is essential to also consider the ethical implications. When conversational chatbots handle sensitive data, such as managing students’ academic records, adhering to regulations like the EU’s General Data Protection Regulation (GDPR) becomes crucial for guiding automated decision-making processes that may arise. Additionally, clear communication to the users regarding the disclosure of conversations with chatbots is crucial (Okonkwo and Ade-Ibijola, 2021). Furthermore, in all scenarios proposed where conversational agents serve in the personalization of the learning experience is pivotal the communication to the users about the nature of the interaction as non-human to prevent misinterpretations (Adamopoulou and Moussiades, 2020). As hinted at above, also in education it is necessary to implement a “human-in-the-loop” approach (Mosqueira-Rey et al., 2023), namely prefiguring and defining the role of humans within a process that is just partially automatized. In particular, the teacher can support and coordinate AI in tackling open teaching problems and, supported by technology in some tasks, use creative energies to improve students’ learning motivation as well as the quality of the relationship with them (Tong et al., 2019). Furthermore, according to a vision of Usable artificial intelligence (Xu, 2019) the results of AI must be accessible to users for real collaborative learning between man and machine to take place.



5 Discussion


5.1 “Better than my professor”?

To position themselves as a truly groundbreaking technology in higher education, conversational pedagogical agents should be able to do something more than a human professor. As we will see later in the present contribution, this does not mean in any way that we expect that any AI tool could fully take on the role of teachers and educators and replace them. Yet, AI tools and especially conversational pedagogical agents would be able to do something more than just respond earlier than a human to students’ questions. Like what doctor Topol (2019) said about the implementation of AI in healthcare, this technology would be as useful in education as it could carry out technical and bureaucratic tasks, leaving more space and time to human professionals (here, the professors) to interact with students and properly respond to their educational needs.

In other words, while the scenarios described in Table 1 already defined advanced implementation examples of AI tools in distance higher institutions’ educational efforts, we think it is important to prefigure additional ideas that could drive the design of innovative AIED for distance higher education. While these ideas still relate to Table 1 scenarios in terms of general aims (i.e., supporting course fruition and improving personalization of learning), they make some steps further toward contents and features of the learning process that go beyond the mere course materials. For example, AI (and especially conversational pedagogical agents supported by sophisticated data analysis) implemented in high-level education could perform the subsequent tasks:

• Collecting user data from the interaction with the students and classifying their necessities; e.g., finding specific information within course material vs. simulating examination vs. suggesting links, additional materials for in-depth analysis beyond course materials;

• Providing personalized suggestions about studying methods and about how to approach the whole study program;

• Identifying and highlighting connections between study materials from different courses; designing conceptual maps, or analyzing, correcting and improving students’ notes;

• Facilitating the communication between the student and the professor by providing automated responses to simple questions (e.g., reminding deadlines and formal procedures) while forwarding to the professor the questions related to scientific content only;

• Drawing from behavioral change and motivation theories to provide adapted motivational feedback (suggestions, encouragement, even hedonic comments and humor) to keep students’ engagement at a high level; this could be tailored to students’ personality as well as communicational style and explicit needs. Indeed, personalized and specific motivational feedback (instead of generalized nudges or encouragement) is proven to improve learning outcomes, Perikos et al., 2017).

Such a chatbot would actually exceed the mere “teaching,” crossing over to authentic educational effort. Of course, when we prefigure such a technology, it is more and more important to recover the role of human educators. AI modules can help the teacher ensure a personalized approach and ongoing support that may not be feasible for a human teacher. Previous studies have demonstrated the positive impact of chatbot applications on learning outcomes, although these effects may vary depending on instructional levels and the duration of intervention in the learning application (Wu and Yu, 2023). However, the presence of human lecturers remains unquestionably important. Human professors play a crucial role in addressing complex questions that extend beyond the scope of a single course, requiring multidisciplinary and multifaceted knowledge. Only a human lecturer can guide students when critical judgment or ethical considerations are needed. The strength of AI chatbot applications lies in easing the burden on lecturers, allowing them to avoid being overwhelmed by a flood of emails with short, delayed responses. Instead, AI chatbots can enhance interactions with students through dedicated synchronous, even online, lessons that encourage meaningful engagement after students have had time for in-depth reflection.




6 Conclusion

The present contribution resumed the opportunities represented by AI, especially in the field of distance higher education, focusing mainly on AI-based tools that could interact with learners directly to support technology-mediated learning processes (conversational pedagogical agents and chatbots). Based on the literature and our reflections while evaluating resources for possible integration into our institution’s educational programs, we have identified the positive aspects of chatbots being able to respond in a timely manner, but also maintained that an AI system for learning should be able to do “something more” than what a human professor could do just with less punctuality. As we have based our considerations on a purpose-oriented literature search that does not constitute a comprehensive representation of the field, future studies may include systematic review and meta-analytic efforts to explore the effects of innovative features of conversational pedagogical agents on learning outcomes, with a focus on distance education. More generally, future research could test advanced AI-based solutions, considering the importance of not replacing human educators but offering actual, desirable support to study activities and the quality of the learning experience.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

ST: Conceptualization, Writing – original draft, Writing – review & editing. RF: Writing – original draft, Writing – review & editing. CS: Investigation, Writing – review & editing. EM: Investigation, Writing – review & editing. PL: Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Adamopoulou, E., and Moussiades, L. (2020). Chatbots: history, technology, and applications. Mach. Learn. Appl. 2:100006. doi: 10.1016/j.mlwa.2020.100006

 Ahn, S. J. G., Nowak, K. L., and Bailenson, J. N. (2022). Unintended consequences of spatial presence on learning in virtual reality. Comput. Educ. 186:104532. doi: 10.1016/j.compedu.2022.104532

 Arpaci, I. (2019). A hybrid modeling approach for predicting the educational use of mobile cloud computing services in higher education. Comput. Hum. Behav. 90, 181–187. doi: 10.1016/j.chb.2018.09.005

 Baylor, A. L., and Kim, Y. (2005). Simulating instructional roles through pedagogical agents. Int. J. Artif. Intell. Educ. 15, 95–115.

 Bolarinwa, J. D., Vincent, O. R., and Ajowho, A. C. (2023). An explorative review of artificial intelligence software (Chatbot) Impact on education system. Qeios. 1–7. doi: 10.32388/3HIYE1

 Chassignol, M., Khoroshavin, A., Klimova, A., and Bilyatdinova, A. (2018). Artificial intelligence trends in education: a narrative overview. Proc. Comp. Sci. 136, 16–24. doi: 10.1016/j.procs.2018.08.233

 Chen, F. (2022). Human-AI cooperation in education: human in loop and teaching as leadership. J. Educ. Technol. Innov. 2, 14–25.

 Chen, Z. (2022). Artificial intelligence-virtual trainer: innovative didactics aimed at personalized training needs. J. Knowl. Econ. 14, 2007–2025. doi: 10.1007/s13132-022-00985-0

 Chen, L., Chen, P., and Lin, Z. (2020). Artificial intelligence in education: a review. IEEE Access 8, 75264–75278. doi: 10.1109/ACCESS.2020.2988510

 Chen, Y., Jensen, S., Albert, L. J., Gupta, S., and Lee, T. (2023). Artificial intelligence (AI) student assistants in the classroom: designing chatbots to support student success. Inf. Syst. Front. 25, 161–182. doi: 10.1007/s10796-022-10291-4

 Chen, X., Xie, H., Zou, D., and Hwang, G. J. (2020). Application and theory gaps during the rise of artificial intelligence in education. Comput. Educ. 1:100002. doi: 10.1016/j.caeai.2020.100002

 Chumkaew, S. (2023). The development of Chatbot provided registration information Services for Students in distance learning. ABAC J. 43, 97–112. doi: 10.59865/abacj.2023.55

 Ciechanowski, L., Przegalinska, A., Magnuski, M., and Gloor, P. (2019). In the shades of the uncanny valley: an experimental study of human–chatbot interaction. Futur. Gener. Comput. Syst. 92, 539–548. doi: 10.1016/j.future.2018.01.055

 Clarizia, F., Colace, F., Lombardi, M., Pascale, F., and Santaniello, D. (2018). Chatbot: an education support system for student. In Cyberspace Safety and Security: 10th International Symposium, CSS 2018, Amalfi, Italy, October 29–31, 2018, Proceedings, Springer International Publishing, 291–302.

 Dias, S. B., Hadjileontiadou, S. J., Hadjileontiadis, L. J., and Diniz, J. A. (2015). Fuzzy cognitive mapping of LMS users’ quality of interaction within higher education blended-learning environment. Expert Syst. Appl. 42, 7399–7423. doi: 10.1016/j.eswa.2015.05.048

 Dogan, M. E., Goru Dogan, T., and Bozkurt, A. (2023). The use of artificial intelligence (AI) in online learning and distance education processes: a systematic review of empirical studies. Appl. Sci. 13:3056. doi: 10.3390/app13053056

 El Hefny, W., Mansy, Y., Abdallah, M., and Abdennadher, S. (2021). “Jooka: a bilingual chatbot for university admission” in Trends and applications in information systems and technologies, vol. 3 (Cham: Springer International Publishing), 671–681.

 El Janati, S., Maach, A., and El Ghanami, D. (2020). Adaptive e-learning AI-powered chatbot based on multimedia indexing. Int. J. Adv. Comput. Sci. Appl. 11, 299–308. doi: 10.14569/IJACSA.2020.0111238

 Fietta, V., Zecchinato, F., Di Stasi, B., Polato, M., and Monaro, M. (2021). Dissociation between users’ explicit and implicit attitudes toward artificial intelligence: an experimental study. IEEE Trans. Hum. Mach. Syst. 52, 481–489. doi: 10.1109/THMS.2021.3125280

 Florea, A. M., and Radu, S. (2019). “Artificial intelligence and education” in 22nd International Conference on Control Systems and Computer Science (CSCS), Bucharest, Romania. 381–382.

 Forsyth, C. M., Graesser, A., and Millis, K. (2020). Predicting learning in a multi-component serious game. Technol. Knowl. Learn. 25, 251–277. doi: 10.1007/s10758-019-09421-w

 Fortuna, P., and Gorbaniuk, O. (2022). What is behind the buzzword for experts and laymen: representation of “artificial intelligence” in the IT-professionals’ and non-professionals’ minds. Eur. J. Psychol. 18, 207–218. doi: 10.5964/ejop.5473 

 Fryer, L. K., Ainley, M., Thompson, A., Gibson, A., and Sherlock, Z. (2017). Stimulating and sustaining interest in a language course: an experimental comparison of Chatbot and human task partners. Comput. Hum. Behav. 75, 461–468. doi: 10.1016/j.chb.2017.05.045

 Fryer, L. K., Nakao, K., and Thompson, A. (2019). Chatbot learning partners: connecting learning experiences, interest and competence. Comput. Hum. Behav. 93, 279–289. doi: 10.1016/j.chb.2018.12.023

 Hanson, D., Olney, A., Pereira, I. A., and Zielke, M. (2005). Upending the uncanny valley. Pittsburgh, Pennsylvania, USA: Proceedings of the National Conference on Artificial Intelligence. 1728–1729.

 Harel, I., and Papert, S. (1990). Software design as a learning environment. Interact. Learn. Environ. 1, 1–32. doi: 10.1080/1049482900010102

 Haryanto, E., and Ali, R. M. (2019). “Students’ attitudes towards the use of artificial intelligence SIRI in EFL learning at one public university” in International Seminar and Annual Meeting BKS-PTN Wilayah Barat. Pittsburgh, Pennsylvania, USA.

 Huang, W., Hew, K. F., and Fryer, L. K. (2022). Chatbots for language learning—are they really useful? A systematic review of chatbot-supported language learning. J. Comput. Assist. Learn. 38, 237–257. doi: 10.1111/jcal.12610

 Hwang, G.J., Sung, H., Chang, S., and Huang, X. (2020a). A fuzzy expert system-based adaptive learning approach to improving students’ learning performances by considering affective and cognitive factors. Comput. Educ. Artif. Intell. 1:100003. doi: 10.1016/j.caeai.2020.100003

 Hwang, G. J., and Tu, Y. F. (2021). Roles and research trends of artificial intelligence in mathematics education: a bibliometric mapping analysis and systematic review. Mathematics 9:584. doi: 10.3390/math9060584

 Hwang, G. J., Xie, H., Wah, B. W., and Gašević, D. (2020b). Vision, challenges, roles and research issues of artificial intelligence in education. Comput. Educ. Artif. Intell. 1:100001. doi: 10.1016/j.caeai.2020.100001

 Johnson, A. (2019). 5 ways AI is changing the education industry. Available at: https://elearningindustry.com/ai-is-changing[1]the-education-industry-5-ways

 Johnson, W. L., and Lester, J. C. (2016). Face-to-face interaction with pedagogical agents, twenty years later. Int. J. Artif. Intell. Educ. 26, 25–36. doi: 10.1007/s40593-015-0065-9

 Kabudi, T., Pappas, I., and Olsen, D. H. (2021). AI-enabled adaptive learning systems: a systematic mapping of the literature. Comput Educ. Artif. Intell. 2:100017. doi: 10.1016/j.caeai.2021.100017

 Kahraman, H. T., Sagiroglu, S., and Colak, I. (2010) Development of adaptive and intelligent web-based educational systems. In 2010 4th International Conference on Application of Information and Communication Technologies, IEEE, 1–5.

 Kaiss, W., Mansouri, K., and Poirier, F. (2023). Effectiveness of an adaptive learning Chatbot on students’ learning outcomes based on learning styles. Int. J. Emerg. Technol. Learn. 18, 250–261. doi: 10.3991/ijet.v18i13.39329

 Kay, J. (2012). AI and education: grand challenges. IEEE Intell. Syst. 27, 66–69. doi: 10.1109/MIS.2012.92

 Keshav, N. U., Salisbury, J. P., Vahabzadeh, A., and Sahin, N. T. (2017). Social communication coaching smartglasses: well tolerated in a diverse sample of children and adults with autism. JMIR Mhealth Uhealth 5:e140. doi: 10.2196/mhealth.8534 

 Kim, S., Lee, J., Yoon, S. H., and Kim, H. W. (2022). How can we achieve better e-Learning success in the new normal?. Internet Res. 33, 410–441.

 Košecká, D., and Balco, P. (2023). Use of a communication robot—Chatbot in order to reduce the administrative burden and support the digitization of services in the university environment. Dev. Inform. Knowl. Manag. Syst. Bus. Appl. 7, 597–629. doi: 10.1007/978-3-031-25695-0_26

 Košecka, D., Balco, P., and Murgor, S. C. (2022). Chatbot at university, a communication tool to increase work productivity. In International Conference on Intelligent Networking and Collaborative Systems (pp. 74–84). Cham: Springer International Publishing.

 Kusmaryono, I., Jupriyanto, J., and Kusumaningsih, W. (2021). A systematic literature review on the effectiveness of distance learning: problems, opportunities, challenges, and predictions. Int. J. Educ. 14, 62–69. doi: 10.17509/ije.v14i1.29191

 Lee, L. K., Fung, Y. C., Pun, Y. W., Wong, K. K., Yu, M. T. Y., and Wu, N. I. (2020). “Using a multiplatform chatbot as an online tutor in a university course” in 2020 International Symposium on Educational Technology (ISET) (Bangkok, Thailand: IEEE), 53–56.

 Lee, K., Jo, J., Kim, J., and Kang, Y. (2019). “Can chatbots help reduce the workload of administrative officers?-implementing and deploying FAQ chatbot service in a university” in HCI International 2019-Posters: 21st International Conference, HCII 2019, Orlando, FL, USA, July 26–31, 2019, Proceedings, Part I 21 (Springer International Publishing), 348–354.

 Lemay, D. J., Bazelais, P., and Doleck, T. (2021). Transition to online learning during the COVID-19 pandemic. Computers in human behavior reports. 4, 100130.

 Li, H., and Graesser, A. (2017). “Impact of pedagogical agents’ conversational formality on learning and engagement” in Artificial Intelligence in Education: 18th International Conference, AIED 2017, Wuhan, China, June 28–July 1, 2017, Proceedings 18 (Springer International Publishing), 188–200.

 Li, H., and Graesser, A. C. (2021). The impact of conversational agents’ language on summary writing. J. Res. Technol. Educ. 53, 44–66. doi: 10.1080/15391523.2020.1826022

 Liu, L., Subbareddy, R., and Raghavendra, C. G. (2022). AI intelligence Chatbot to improve students learning in the higher education platform. J. Interconnect. Netw. 22:2143032. doi: 10.1142/S0219265921430325

 Malik, A. R., Pratiwi, Y., Andajani, K., Numertayasa, I. W., Suharti, S., and Darwis, A. (2023). Exploring artificial intelligence in academic essay: higher education student's perspective. Int. J. Educ. Res. Open 5:100296. doi: 10.1016/j.ijedro.2023.100296

 Marangunić, N., and Granić, A. (2015). Technology acceptance model: a literature review from 1986 to 2013. Univ. Access Inf. Soc. 14, 81–95. doi: 10.1007/s10209-014-0348-1

 Matsuda, N., Weng, W., and Wall, N. (2020). The effect of metacognitive scaffolding for learning by teaching a teachable agent. Int. J. Artif. Intell. Educ. 30, 1–37. doi: 10.1007/s40593-019-00190-2

 Mikropoulos, T. A., and Natsis, A. (2011). Educational virtual environments: a ten-year review of empirical research (1999–2009). Comput. Educ. 56, 769–780. doi: 10.1016/j.compedu.2010.10.020

 Mosqueira-Rey, E., Hernández-Pereira, E., Alonso-Ríos, D., Bobes-Bascarán, J., and Fernández-Leal, Á. (2023). Human-in-the-loop machine learning: a state of the art. Artif. Intell. Rev. 56, 3005–3054. doi: 10.1007/s10462-022-10246-w

 Okonkwo, C. W., and Ade-Ibijola, A. (2021). Chatbots applications in education: a systematic review. Comput. Educ. Artif. Intell. 2:100033. doi: 10.1016/j.caeai.2021.100033

 Olney, A. M., Hays, P., and Cade, W. L. (2013). “XNAgent: authoring embodied conversational agents for tutor-user interfaces” in AIED 2013 Workshops Proceedings, Memphis, USA. vol. 7, 137.

 Ouyang, F., and Jiao, P. (2021). Artificial intelligence in education: the three paradigms. Comput. Educ. Artif. Intell. 2:100020. doi: 10.1016/j.caeai.2021.100020

 Paas, F., Renkl, A., and Sweller, J. (2016). Cognitive load theory and instructional design: recent developments. Cogn. Load Theory 38, 1–4. doi: 10.1207/S15326985EP3801_1

 Peredo, R., Canales, A., Menchaca, A., and Peredo, I. (2011). Intelligent web-based education system for adaptive learning. Expert Syst. Appl. 38, 14690–14702. doi: 10.1016/j.eswa.2011.05.013

 Perikos, I., Grivokostopoulou, F., and Hatzilygeroudis, I. (2017). Assistance and feedback mechanism in an intelligent tutoring system for teaching conversion of natural language into logic. Int. J. Artif. Intell. Educ. 27, 475–514. doi: 10.1007/s40593-017-0139-y

 Pokrivcakova, S. (2019). Preparing teachers for the application of AI-powered technologies in foreign language education. J. Lang. Cult. Educ. 7, 135–153. doi: 10.2478/jolace-2019-0025

 Poola, I. (2017). How artificial intelligence in impacting real life everyday. Int. J. Adv. Res. Dev. 2, 96–100.

 Popescu, E. (2010). Adaptation provisioning with respect to learning styles in a web-based educational system: an experimental study. J. Comput. Assist. Learn. 26, 243–257. doi: 10.1111/j.1365-2729.2010.00364.x

 Rospigliosi, P. A. (2023). Artificial intelligence in teaching and learning: what questions should we ask of chat GPT? Interact. Learn. Environ. 31, 1–3. doi: 10.1080/10494820.2023.2180191

 Rus, V., D’Mello, S., Hu, X., and Graesser, A. (2013). Recent advances in conversational intelligent tutoring systems. AI Mag. 34, 42–54. doi: 10.1609/aimag.v34i3.2485

 Saerbeck, M., Schut, T., Bartneck, C., and Janse, M. D. (2010). “Expressive robots in education: varying the degree of social supportive behavior of a robotic tutor” in Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Atlanta, USA. 1613–1622.

 Schepman, A., and Rodway, P. (2023). The general attitudes towards artificial intelligence scale (GAAIS): confirmatory validation and associations with personality, corporate distrust, and general trust. Int. J. Hum. Comp. Interact. 39, 2724–2741. doi: 10.1080/10447318.2022.2085400

 Schwenke, N., Söbke, H., and Kraft, E. (2023). Potentials and challenges of Chatbot-supported thesis writing: an autoethnography. Trends Higher Educ. 2, 611–635. doi: 10.3390/higheredu2040037

 Sebri, V., Pizzoli, S. F. M., Savioni, L., and Triberti, S. (2020). Artificial intelligence in mental health: professionals’ attitudes towards AI as a psychotherapist. Annu. Rev. Cyberther. Telemed. 2020:229.

 Sharma, R. C., Kawachi, P., and Bozkurt, A. (2019). The landscape of artificial intelligence in open, online and distance education: promises and concerns. Asian J. Dist. Educ. 14, 1–2.

 Song, S. W., and Shin, M. (2024). Uncanny valley effects on chatbot trust, purchase intention, and adoption intention in the context of e-commerce: the moderating role of avatar familiarity. Int. J. Hum. Comput. 40, 441–456. doi: 10.1080/10447318.2022.2121038

 Studente, S., and Ellis, S. (2020). “Enhancing the online student experience through creating learning communities—the benefits of chatbots in higher education” in Tertiary online teaching and learning: total perspectives and resources for digital education, eds. S. McKenzie, F. Garivaldis, and K. R. Dyer. New York, USA: Springer. 25–33.

 Tahiru, F. (2021). AI in education: a systematic literature review. J. Cases Inform. Technol. 23, 1–20. doi: 10.4018/JCIT.2021010101

 Tang, K. Y., Chang, C. Y., and Hwang, G. J. (2021). Trends in artificial intelligence-supported e-learning: a systematic review and co-citation network analysis (1998–2019). Interact. Learn. Environ. 31, 2134–2152. doi: 10.1080/10494820.2021.1875001

 To, Q. G., Green, C., and Vandelanotte, C. (2021). Feasibility, Usability, and Effectiveness of a Machine Learning–Based Physical Activity Chatbot: Quasi-Experimental Study. JMIR mHealth and uHealth 9, e28577.

 Tong, W., Hussain, A., Bo, W. X., and Maharjan, S. (2019). Artificial intelligence for vehicle-to-everything: a survey. IEEE Access 7, 10823–10843. doi: 10.1109/ACCESS.2019.2891073

 Topol, E. (2019). Deep medicine: how artificial intelligence can make healthcare human again. New York, USA: Hachette UK.

 Triberti, S., Torre, D. L., and Riva, G. (2023). The artificial face (ART-F) project: addressing the problem of interpretability, Interface, and Trust in Artificial Intelligence. Cyberpsychol. Behav. Soc. Netw. 26, 318–320. doi: 10.1089/cyber.2023.29273.ceu 

 Vázquez-Cano, E., Mengual-Andrés, S., and López-Meneses, E. (2021). Chatbot to improve learning punctuation in Spanish and to enhance open and flexible learning environments. Int. J. Educ. Technol. High. Educ. 18, 1–20. doi: 10.1186/s41239-021-00269-8

 Vladova, G., Haase, J., Rüdian, L., and Pinkwart, N. (2019). “Educational Chatbot with learning avatar for personalization” in Proceedings of the 25th Americas Conference on Information Systems (Cancun), 1–5.

 Walkington, C., and Bernacki, M. L. (2019). Personalizing algebra to students’ individual interests in an intelligent tutoring system: moderators of impact. Int. J. Artif. Intell. Educ. 29, 58–88. doi: 10.1007/s40593-018-0168-1

 Wang, X., Zhang, L., and He, T. (2022). Learning performance prediction-based personalized feedback in online learning via machine learning. Sustain. For. 14:7654. doi: 10.3390/su14137654

 Wei, Y., Yang, Q., Chen, J., and Hu, J. (2018). The exploration of a machine learning approach for the assessment of learning styles changes. Mechatr. Syst. Control 46, 121–126. doi: 10.2316/Journal.201.2018.3.201-2979

 Wollny, S., Schneider, J., Di Mitri, D., Weidlich, J., Rittberger, M., and Drachsler, H. (2021). Are we there yet?-a systematic literature review on chatbots in education. Front. Artif. Intell. 4:654924. doi: 10.3389/frai.2021.654924 

 Wu, E. H. K., Lin, C. H., Ou, Y. Y., Liu, C. Z., Wang, W. K., and Chao, C. Y. (2020). Advantages and constraints of a hybrid model K-12 E-learning assistant chatbot. IEEE Access 8, 77788–77801. doi: 10.1109/ACCESS.2020.2988252

 Wu, R., and Yu, Z. (2023). Do AI chatbots improve students learning outcomes? Evidence from a meta-analysis. Br. J. Educ. Technol. 55, 10–33. doi: 10.1111/bjet.13334

 Xu, W. (2019). Toward human-centered AI: a perspective from human-computer interaction. Interactions 26, 42–46. doi: 10.1145/3328485

 Yilmaz, H., Maxutov, S., Baitekov, A., and Balta, N. (2023). Student attitudes towards chat GPT: a technology acceptance model survey. Int. Educ. Rev. 1, 57–83. doi: 10.58693/ier.114

 Yin, J., Ngiam, K. Y., and Teo, H. H. (2021). Role of artificial intelligence applications in real-life clinical practice: systematic review. J. Med. Internet Res. 23:e25759. doi: 10.2196/25759 

 Zaheer, M., and Munir, S. (2020). Research supervision in distance learning: issues and challenges. Asian Assoc. Open Univ. J. 15, 131–143. doi: 10.1108/AAOUJ-01-2020-0003

 Zawacki-Richter, O., Marín, V. I., Bond, M., and Gouverneur, F. (2019). Systematic review of research on artificial intelligence applications in higher education – where are the educators? Int. J. Educ. Technol. Higher Educ. 16:39. doi: 10.1186/s41239-019-0171-0

 Zhang, K., and Aslan, A. B. (2021). AI technologies for education: recent research and future directions. Comput. Educ. Artif. Intell. 2:100025. doi: 10.1016/j.caeai.2021.100025


Copyright
 © 2024 Triberti, Di Fuccio, Scuotto, Marsico and Limone. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		“Better than my professor?” How to develop artificial intelligence tools for higher education



		1 Introduction



		2 AI and the educational context: a focus on conversational pedagogical agents



		3 Examples and important concepts for conversational pedagogical agents



		4 Experiences and reflections



		5 Discussion



		5.1 “Better than my professor”?









		6 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/frai-07-1329605-t001.jpg
Use case
scenarios

Challenge

What Al
systems would/
could do

Outcomes/
Mesurable
indicators

Examples from the
literature

Providing
support to the
student about
the course

‘materials.

Thesis

‘management

Providing
support to the
student on
administrative
tasks in their
university

career

Online classes
with
personalized
educational
contents;
student-
centered
learning aids

and tools.

Distance education
universities welcome a large
‘number of students. Distance
learning, however, does not
allow direct contact between
student and professor during
each lesson, and students
ofien follow recorded lessons
asynchronously; for this
reason, if the student has
doubts or questions regarding
the teaching material, he/she
can contact the professor
privately with a highly
variable response time. The
large number of students in
distance education
institutions could represent
notable additional workload
for the professor

‘The high number of students

in distance education

universities implies an
important number of theses
and student papers that
professors must check every

semester

Distance education
institutions are typically
characterized by sophisticated
online platforms that support
the learning activities, and the
utilization of administrative
features such as enrolling in
courses and exams and
accessing multiple online

services

Not all students have the
same characteristics in terms
of learning styles, needs,
interests, etc. Therefore, not
all educational content is
suitable for all learners.
Distance education is also
supposed to meet specific
needs such as work-study

integration

Asit has been
experimented in our
institution, an Al tool
can be trained on the
contents of a specific
course, so thata
chatbot can
immediately respond to
students’ questions
about the contents of
the course, decreasing
the teachers' overload

in distance teaching

Al could support
professors in managing

theses by taking care of

evaluation of the
contentand especially
of formal aspects and
adherence to
guidelines, plagiarism
control and verification
of correct citation of

sources

Altools and chatbots
can support students
and administrative
workers in utilization of
the platform and, based
on individual profiling
and data training,
anticipate their needs,
and facilitate
interaction with
complex platforms

(e.g: reminding
deadlines based on
individual education
plan. Managing

admission process)

Al tools could analyze
students’ characteristics
in order to sort them
into specific online
classes with educational
content suited to their
needs, and/or point
them toward specific
learning aids tailored
on particular situations
with specific and

personalized feedback

The professor designs
the course materials.
Moreover, the professor
could review and
improve the chatbot’s
response by adding
updated materials, links
to additional learning
resources for in-depth
analysis, and also obtain
information on students”
understanding of course

contents

‘The professor can focus
on evaluating the
content of the theses and
offer specific indications
o the student for its

improvement

Administrative
personnel intervene
when issues arise that
cannot be managed by
Al tools. Furthermore,
they have immediate
idual

access o indi
students’ information

and their needs

The professor could
focus on creating
different teaching
‘materials for each course
content suitable for
specific types of users,
and develop learning
aids that respond to

students’ necessities

Immediate assessment
of students’
understanding and
learning outcomes after
interaction with the
chatbot (vs. control
groups without it);
Students' satisfaction
level measured after
interaction with the

chatbot

Decreased time devoted
o student thesis
evaluation after
implementation of the
tool

Professors’ satisfaction

level measured after

utilization of the tool

for thesis evaluation;

Reduced time of
administrative efforts;
Reduced number of
complaints/request for
direct support to

administrative offices

after implementation of
the tool;
Students'satisfaction
level measured after

eraction with the

chatbot;

Students’ evaluation of
course contents after

personalization

(compared with
previous non-

personalized learning)

Clarizia et al. (2018)—example of a

Chatbot prototype that starting

support the students with answers;

Chen etal. (2023)—empirical study
about a chatbot inteligent student
assistants that shows the effectiveness
in teaching new concepts

Liu et al. (2022)—analysis of a
chatbot based on inquiry evaluation
aimed to increase students'
satisfaction level

Lee etal. (2020)—chatbot as online
tutor to reduce teachers workload in
distance learning

Wollny et ., (2021)—systematic
review that shows three categories for
‘mentoring chatbols (scaffolding,

recommending, informing)

“There is lterature on chatbots used to
aid thesis writing,like Malik et al,
(2023), Schwenke et al. (2023), but
we did not find works on Al tools

used to support the management of
high numbers of students' theses or
essays

Schwenke et al. (2023)—solutions
about writing bachelor thesis
supported by chatbots

Malik etal. (2023)

study on perception of students about
AlL-powered writing tools in academic
essay

Koseckd and Balco
(2023)—identification of ertical
paths in the application of chatbots in

the administrative tasks

Kosecka et al. (2022)—evaluation of
implementation of chatbots for the
work productivity in general terms

L

tal. (2019)—empirical study on
the reduction of the administrative
workload using a chatbot for students'
FAQs

Lee et al. (2020)—solution that

manages the class schedule and the
student profiles

El Hefny et al. (2021)—a prototype of
a chatbot developed for the

improvement of admission process in

universities

Kaiss etal., (2023)—description of a
prototype integrated in Moodle
platform providing personalized
learning objects in distance learning
W etal. (2020)—meta-analysis that
shows the effect on students' learning
outcomes, personalizing the path and

alleviating learners' anxiety

janati et al. (2020)—proposal of an
adaptive chatbot that reduce response
time

Wollny et al. (2021)—systematic
review that provides six publications
that focus on the adaptation of the

chatbot on the student’s needs





OPS/images/cover.jpg
& frontiers  Frontiers in Artificial Intelligence

“Better than my professor?” How
to develop artificial intelligence
tools for higher education












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiers in Artificial Intelligence






