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Introduction: Building upon previous research, this study aims to provide answers to the questions of how the presence of a humanoid artificial pedagogical agent as teacher and instructor and visual self-other representation of the learners through avatars influence the immediate cognitive performance and learning experience in online learning among adult learners.

Methods: Several outcome measures were investigated to evaluate if effects are the same or different for the different experimental conditions and if learning with the pedagogical agent and visual self-other representation is modulated by the learner’s previous experiences with and preferences for online learning. Teacher presence and self-other presence of the learners were experimentally manipulated. A humanoid artificial agent, visible on all of the slides of the online course material and instructing the material represented the teacher. The avatars of the learners (self-avatar and peer avatars) were kept of minimal functionality but self-avatars were preselected or could be self-selected by the learners. The learner’s cognitive learning performance, the learner’s attention to the pedagogical agent, their sense of teacher presence and of self- and other-presence, their satisfaction with the course as well as the learner’s previous learning experiences were measured by cognitive testing, self-report, and linguistic analysis as major performance indicators and a positive learning experience. The analysis comprised 133 university students and results were additionally compared for two subsamples.

Results: Learning performance, learning satisfaction, and the attention paid to the teacher were positively related. In addition, positive evaluations of the cognitive presence elicited by the teacher were found. Self- or other-presence of avatars did not significantly influence the learner’s performance beyond teacher presence but the learner’s perception of it and their motivation to study online.

Discussion: The study and its results extend the previous literature that focused on the effects of pedagogical agents in online teaching or on virtual representations of the learner’s self and classmates in online learning. Despite limitations, the results of this study provide insights into combining teaching with artificial pedagogical agents and visual avatars for self-other representation during online teaching and the observations can serve as catalyst for future research.
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1 Introduction

Teaching has moved to the digital world. Advanced technical solutions have been developed for digital applications in education and teaching (Haleem et al., 2022). These include fully immersive learning environments to simulate classrooms, for example through techniques such as virtual reality (e.g., Hu et al., 2023; Jovanović and Milosavljević, 2022; Soliman and Guetl, 2013). The rapid advances in technologies allow teachers and learners not only to interact digitally but also to represent themselves physically, cognitively, or socially in the online context by virtual representations of themselves.

However, the technical demands of fully immersive educational systems are still high. Therefore, one might ask how immersive and technologically sophisticated the virtual learning environments need to be to elicit a positive learning experience and learning performance of the learner. In other words, what level of functionality, interactivity, or visual presence might ensure that learners have a positive online learning experience and perform as intended when using an artificial pedagogical agent as the teacher and visual avatars for self-other representation?


1.1 Aim of the present study

This study aims to provide answers to the questions raised above by examining how both, an artificially generated pedagogical agent as an instructor and visual self-other representation through avatars influence the immediate learning performance and learning experience of adult learners including the learners’ perception of teacher presence, self- and other-presence, and their motivation and satisfaction with online learning. As suggested by previous research discussed below, these human factors could be important predictors and indicators of academic achievement and success in online learning in the context of higher education.



1.2 Human factors influencing performance in online learning

Numerous previous studies examined the effectiveness of online teaching compared to face-to-face teaching in higher education (for an overview, e.g., Martin et al., 2020; Martin et al., 2023; Stevens et al., 2021). The results of this research suggest that a number of variables can have a significant impact on the learning performance, learning satisfaction and learning experience of adult learners. While it has often been reported that learning performance among adult learners does not differ between online and face-to-face learning, recent scoping reviews incorporating previous meta-analyses and review studies suggest that online learning can potentially outperform face-to-face learning with respect to learning performance at multiple levels (e.g., Stevens et al., 2021).

At least three fundamental human factors seem to contribute to this superiority by influencing performance and experience during online learning significantly. First, the presence of a teacher as an instructor, second, the relationship between teachers and students with the learning content, and third, the presence of peers or the possibility of interactions between students (for an overview, e.g., Kusmaryono et al., 2021; Martin et al., 2020; Martin et al., 2023; Nortvig et al., 2018). Teacher presence has been shown to relate to a number of outcome measures including measures of the learner’s perceived learning performance and learning satisfaction (e.g., Caskurlu et al., 2020). Theoretically, teacher presence includes a number of aspects related to the design or organization of teaching, as well as the extent to which the teacher facilitates cognitive presence (i.e., processes that promote meaning construction and higher-order thinking) or elicits social presence to achieve positive learning outcomes. For the theoretical concept of teacher presence including cognitive and social presence, see, e.g., Anderson et al. (2001), or McKerlich et al. (2011) or Kozan and Richardson (2014). Regarding social presence, the possibility of interactions between the learners and teacher but also studying together with other classmates versus studying alone have been highlighted as important social factors that can improve the learner’s motivation and the learner’s satisfaction with online learning (Miao and Ma, 2022; Muzammıl et al., 2020; Turk et al., 2022). Theoretically and empirically, the role of the co- or other-presence (i.e., studying together with classmates as peers) has been suggested to be of high importance in the context of online learning [for recent overviews, see, e.g., Kreijns et al. (2022) and Whiteside et al. (2023)].

Taken together, these human factors have been highlighted in previous studies as significant factors influencing online learning. Nevertheless, they might modulate performance measures in different ways, consistent with findings that during online learning different outcome measures such as learning performance or learning satisfaction may not necessarily be positively related (Ebner and Gegenfurtner, 2019).



1.3 Use of artificial pedagogical agents in online learning

Several studies have examined the usefulness of pedagogical agent systems in online learning. Recent meta-analytic and review studies provide a summary of the results (e.g., Apoki et al., 2022; Castro-Alonso et al., 2021; Dai and Ke, 2022; Dai et al., 2022; Dai et al., 2024; Lane and Schroeder, 2022). The results of the studies included in the reviews and meta-analytical studies suggest a significant positive effect of learning online with pedagogical agents compared to online learning without pedagogical agents. The effect sizes achieved in some of the reviews and meta-analytic studies, however, were small regarding the hypothesis that pedagogical agents increase learning performance better compared to learning without pedagogical agents (e.g., Castro-Alonso et al., 2021; Schroeder et al., 2013). Furthermore, some of the studies summarized in the meta-analyses found no significant differences in learning outcome measures when teaching online with pedagogical agents was compared to teaching performed by real human tutors.

Recent meta-analytic studies that examined the influence of several core characteristics of pedagogical agents on performance measures, particularly regarding the dimensions of functionality, appearance, and interactivity also report no significantly different effects. For example in the meta-analysis by Castro-Alonso et al. (2021), no difference could be found regarding the effectiveness of pedagogical agents that have more or less visual complexity or functionality in appearance and interaction (e.g., including non-verbal behavior of the virtual agent such as actions, movements and gestures). Moreover, visual representation in 2D or 3D format compared to the visual, auditory or symbolic representation of the agent was examined. Across the reviewed studies, the results suggest that 2D agents might improve learning performance even better than 3D animations, depending on the context, the gender of the agent or the learner (e.g., see Castro-Alonso et al., 2021; Dai and Ke, 2022; Dai et al., 2022; Martha et al., 2019).

Very recent reviews (Dai and Ke, 2022; Dai et al., 2024), in which the authors specifically evaluated the use of technologically-advanced pedagogical agents whose appearance, behavior and expressiveness were generated by artificial intelligence (AI) found that AI-powered agents were associated with higher learning outcomes of the learners in the context of computer-based learning compared to non-AI-powered pedagogical agent systems. The observed effect sizes for artificially generated agents were higher than those reported in the previous reviews above.

In their reviews, the authors aimed to identify several key factors that could account for the effect sizes and effectivity of the agents (Dai and Ke, 2022; Dai et al., 2024). Among the critical ones were the intervention length of the course material. Interventions of shorter durations were associated with higher effect sizes. In addition, the type of appearance, i.e., the significance levels were higher for humanlike than virtual artificial agents. The results remained inconclusive with respect to the modality of agentic representation, i.e., the use of module-based AI versus generative AI technology [based on large language models or neural networks; for a broader discussion specifically on the use of generative AI tools such as ChatGPT in education, see Yilmaz and Yilmaz (2023) or Fink et al. (2024)]. Regarding the physical representation of the artificially generated agents, the meta-analyses compared text, audio, visual or audio-visual, the latter achieving slight advantages over the other types of representation (Dai and Ke, 2022; Dai et al., 2024).

As for example pointed out by Dai et al. (2024), the results about the role of core features of virtual agents in online learning could imply that less could be sometimes more (for discussions see also Apoki et al., 2022; Tao et al., 2022; Yusuf and Noor, 2023). Theoretically, the “less is more” principle is supported by neuropsychological and cognitive theories of learning and education such as the Cognitive Load Theory (CLT; e.g., Sweller, 2011). Theories of cognitive load such as the CLT have received broad attention in the context of multimedia learning (e.g., Mayer, 2014). According to cognitive load theories, a learner’s mental capacity in terms of attention, working memory, or information storage is limited in time and space. Therefore, attention, encoding, and recall are limited to only a certain amount of congruent information. In this view, any information not related to or only loosely related to the learning content can distract the learner and impair the learning process.

Moreover, there have been conjectures that a high level of humanness of the virtual agent could reduce user acceptance, facilitating the so-called uncanny valley (Mori, 1970). The uncanny valley describes a paradox in the user’s perception of virtual agents. In particular, the uncanny valley suggests that a decline in the acceptance of humanoid agents occurs the more realistic and human the agents behave and physically appear. Recent studies found no consistent proof of the uncanny valley, as outlined for example in Mishra et al. (2022) or pointed out in Tao et al. (2022). Accordingly, current evidence seems to suggest that the uncanny valley appears particularly in scenarios that promote the sharing of tasks between the user and the agent (e.g., Mishra et al., 2022).

Correspondingly, there seems no clear indication from the literature that pedagogical agents increase the learner’s cognitive demands (for overviews, e.g., Beege et al., 2023; Siegle et al., 2023; Tao et al., 2022; Yusuf and Noor, 2023). In a meta-analysis, Wang et al. (2017) found that adding pedagogical agents to onscreen lessons improves the learning performance (see Li et al., 2022 for improvements and validation on a neural level). Beckoned upon recent recommendations (Peng and Wang, 2022), the authors (Wang et al., 2017) speculated that a pedagogical agent with a humanlike voice and appearance, animated by gestures, facial expression, eye contact or movement can improve learning when visually presented as an instructor on the slides. This according to the authors holds true even when no direct interaction between learner and instructor takes place during online learning.



1.4 Virtual self-other presence during online teaching

Similar to the use of pedagogical agents, the use of avatars for virtual self-other representation has received increased attention in previous research (e.g., Oh et al., 2018; Rahill and Sebrechts, 2021; Zimmermann et al., 2023). This broader literature discusses the role of self-other representation in the virtual world in general. Compared to this broader literature, fewer studies have explored how virtual representations of the learner’s self and those of other learners influence learning performance or the learner’s perception and satisfaction with online teaching (for a historical overview, e.g., Ledger et al., 2024).

The existing studies that were conducted in the context of higher education, however, suggest promising results of avatar use. The results of these studies suggest that presenting avatars during online teaching can foster a collaborative learning experience (Jovanović and Milosavljević, 2022; Yuan and Gao, 2024). In addition, several studies suggest that students who repeatedly participate in classes that use avatars for self-other representation voluntarily report an increase in engagement and feelings of immersiveness and improvement in their learning performance (Gregory and Bannister-Tyrrell, 2017). Interaction with the avatar, familiarity with the avatar, motivation of avatar use by the learner but also aesthetic preferences of the user seem important elements that ensure emotional attachment and learner satisfaction in online teaching (Cunningham, 2015; Falloon, 2009; for recent overviews see, e.g., Whiteside et al., 2023).

Despite this evidence, there is still debate to what degree mere self-other representation (without interaction) can facilitate the learning performance and the satisfaction of the learner (Baylor and Kim, 2009; Ratan et al., 2022). On one hand, the visual presence of avatars might enhance the self-efficacy and motivation of the learner (Baylor and Kim, 2009; Martha et al., 2019). Some evidence suggests that self-presence combined with other-presence might additionally increase the sense of belonging of the learner (Nortvig et al., 2018). On the other hand, self-presence and other-presence could facilitate fatigue or increase the cognitive and mental load of the learner, for example when the own self or those of other classmates are continuously displayed in the online classroom. Consequently, avatar-based self-other representations could distract attention away from the learning content, as has been argued for pedagogical agents as well (for an overview, e.g., Tao et al., 2022), especially when combined with in-class interaction (Yuan and Gao, 2024).



1.5 Artificial pedagogical agents as teachers, avatars for self-other representation: research gaps

Despite the extensive evidence from previous studies, reviews and meta-analytic research briefly reviewed above, the research on artificial pedagogical agents and self-other presence through avatars in online learning still leave a number of questions open that need clarification in more detail. As outlined above, most research focused on pedagogical agents as teachers or on visual avatars as visual representations of the learners. Therefore, the effects of both, artificial pedagogical agents and self-other representation of the learners by avatars could be explored together in the same context and across different learning outcome measures in the same study design. In such a design, it could be determined if effects of teaching with an artificial pedagogical agent are the same or different depending on whether participants study online alone or with their virtual self or those of peers or with both (self and peers) represented by avatars in class. Furthermore, it could be determined if self- and other-presence modulate the learning experience differently and influence learning performance beyond that achieved by use of a pedagogical agent. Learning outcome measures could therefore examine the learner’s actual learning performance and the learner’s perception of it in combination with the learner’s perceived self, other- and teacher presence. This was, for example, explored recently by investigating cognitive learning performance in an online class in which learners were represented by visual avatars (Herbert and Dołżycka, 2022) and a humanoid pedagogical agent was the teacher. Initial results of this exploration suggested that representing learners through avatars did not affect nor improve immediate learning performance, even if the participants themselves selected the avatars for self-representation. However, the initial results suggested that learning performance might be better when participants had paid attention to the pedagogical agent that acted as instructor in line with the expectations proposed by Wang et al. (2017) and discussed in recent studies (Peng and Wang, 2022). Thus, how artificially generated pedagogical agents modulate learning performance in the context of self-other presence and whether virtual self-other representation modulates cognitive performance beyond teacher presence in online learning requires further investigations.

Consequently, the present study follows up on and extends the previous studies and findings summarized above with respect to these recommendations and research gaps. In summary, the following research questions will be further examined.


Research Question 1: Examine if a humanoid artificially generated pedagogical agent and self-other representation through avatars affect the immediate learning performance of adult learners during online learning immediately after one online session.

Research Question 2: Examine how a humanoid artificially generated pedagogical agent and self-other representation through avatars affect the learner’s experience including different outcome measures.

Research Question 3: Explore if effects of teaching with a pedagogical agent are the same or different across the experimental conditions of self-other representation for the different performance and outcome measures.

Research Questions 4: Control if effects are modulated by the learner’s previous experiences with and preferences for online learning.
 




2 Method


2.1 Participants

In total, N = 133 participants (N = 73 women, N = 59 men, N = 1 diverse) took part in the online study. Participants were recruited via academic platforms using the local university mailing lists, SurveyCircle (https://www.surveycircle.com/de/) and Prolific (https://www.prolific.co/). Thus, local and global recruitment of the entire sample of participants included (1) data from local recruitment, (2) data from global recruitment [N = 65, see Herbert and Dołżycka (2022), PAAMS conference proceedings], and (3) data from the global recruitment that contained additional questions about teacher presence and self-other presence. For an overview of the data recruitment, see Figure 1.
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FIGURE 1
 Overview of the study design including the six experimental conditions and assignment of the participants to the six different experimental conditions as well as distribution of the survey content across the different recruiting periods, see the Method section for details. Examples of the visual avatars representing self-avatars or peer avatars are shown. As described in detail in the Method section, all participants including the group who studied without avatars (experimental group 6) were asked to pick a nickname for entering the course. For further illustrations of parts of the study design see also Herbert and Dołżycka (2022).


All participants were invited to take part in an introductory online course on neuroimaging, for details see Section 2.2. The inclusion criteria of participation specifically asked for beginners and learners to account for prior knowledge of the participants with the topic. The previous knowledge of the participants was controlled by asking participants about their academic background and experience with neuroimaging techniques. In addition, the participants were asked about their age and gender, their previous experience with and preferences for online learning and their primary and secondary education to check the inclusion criteria.

Ethics: The participants received detailed written information about the study, the voluntariness of the study participation, anonymity, data protection policy, and inclusion criteria for participation (age 18 and older, fluent English). All participants received the information that study participation is anonymous, with no personal information such as real name, or IP addresses stored that would allow their identification. They could opt out at any time during their participation without giving reasons or consequences and all participants gave written informed consent before taking part in the online study. Participation was granted only after written informed consent was provided online and when inclusion criteria were reached (age: 18 years and older).



2.2 Experimental design and procedure

The participants could register online for taking part in the online introductory course. In that course, basic principles of neurophysiological methods were explained. The topic of the course is relevant to several areas and disciplines of science, technology, engineering and mathematics (STEM) and its content fosters the understanding and comprehension of the underlying neurophysiology, physics, signal processing, computation and application of these methods in application domains such as medicine, psychology or biology. This allows the recruitment of participants from different disciplines, avoiding the selection of too homogeneous groups of participants.

The online study was designed using LimeSurvey software (https://www.limesurvey.org/de/). A study design with a pedagogical agent as teacher and with six different experimental conditions that varied in the degree of self-other representation was chosen. The experimental design has already been reported in Herbert and Dołżycka (2022, PAAMS conference proceedings). An overview of the study design and a summary can be found in Figure 1 and as follows. At the beginning of the experiment, the participants could choose a nickname for entering the course. Next, the participants were randomly assigned to one of the six experimental conditions. As illustrated in Figure 1, two experimental groups (group 1 and group 2 in Figure 1) studied with a self-avatar but without peer avatars. Two experimental groups studied with self-avatars and peer avatars (group 3 and group 4 in Figure 1). One experimental group studied with symbolic peer avatars but no self-avatar (group 5 in Figure 1), and one experimental group studied - like all other groups - with the pedagogical agent but without any self- or peer avatars for self-other representation (group 6 in Figure 1).

In the experimental groups with self-avatar (the group 1 and group 3 in Figure 1), the participants could choose an avatar from a list of possible characters (self-selected self-avatar). In the other groups with self-avatar (group 2 and group 4), the avatar was preselected by the experimental condition (preselected self-avatar, see Figure 1). The participants who were assigned to the experimental groups with self-selected avatars made their choice before entering the classroom. The participants who were assigned to the experimental groups 3 and group 4 (see Figure 1) studied additionally with avatars that represented peers.

The participants with self-selected or preselected self-avatars were instructed that they would take part in an introductory course with their avatars as the representation of their selves. They were told that their avatars would be shown during the course to the class. The participants who could study with the avatars representing peers received the instruction that they would study together with their peers whose avatars would be presented during the course. Participants in the condition without self- or peer avatars received no information about the presence of themselves or others and there were no avatars presented. They were asked to enter a nickname (as all other participants) that would associate the course with them. For an overview, see Figure 1.


2.2.1 Design of the online teaching course

During the neuroimaging course, all participants received the same instruction. They were instructed that they would take part in an online introductory course about neuroimaging techniques that will last about 9 min in duration. The content comprised basic principles about neuroimaging methods, such as electroencephalography (EEG) or functional magnetic resonance imaging (fMRI), advantages, disadvantages, and their respective practical applications in research. The online material was conceptualized according to protocols of previous face-to-face hands-on courses and seminars (see for an illustration Figure 2).
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FIGURE 2
 Example of the course material and the artificially generated humanoid pedagogical agent used as teacher and instructor of the course content. The pedagogical agent appeared on each slide, for details see the Method section. For further illustrations of the course material, see also Herbert and Dołżycka (2022). The humanoid virtual agent was designed with synthesia software, https://www.synthesia.io/de, for details see Methods.


The design of the course material followed general principles, rules, and recommendations for web-based, instructional, and user-centered designs as proposed for example by Nielsen (2016, 2020) or Vlasenko et al. (2023) that include recommendations for effectively designing online courses concerning layout, illustrations, visual hierarchy, color scheme, typesetting, readability, or adaptability. The participants were told that a teacher whom they would be introduced to at the beginning of the course would teach the course. No information was provided that the teacher is a humanoid artificially generated pedagogical agent. The participants were instructed that after the course they would be engaged in a quiz to test their acquired knowledge and learning performance, and answer questions about their learning experience.



2.2.2 Design of the artificial pedagogical agent

A humanoid artificially generated agent was the instructor and teacher. A professional customized software solution was used (https://www.synthesia.io/tools/video-production-software). The software provides humanoid, artificially generated agents with different animated visual humanoid characters and voices varying in gender and culture. For the present study, an artificially generated avatar with female gender, with natural body movements and an expressive voice with American English prosody was chosen. The pedagogical agent was presented online on all sides of the course (for an illustration, see Figure 2). Its behavior was controlled by a computer script (text input). The script allowed for the alignment of the agent’s expressive behavior to the course material, for example, to take a pause when necessary and to stress or highlight the importance of some passages in the course that were relevant to the learning outcome assessed by the quiz at the end of the course. In addition, the agent’s eye-gaze behavior was selected by the software to simulate contact with the learner while the agent introduced the content presented on the slides. For illustration, see Figure 2 or the conference proceedings of Herbert and Dołżycka (2022).



2.2.3 Construction of the avatars for self-other representation

The avatars for self- and other-representation were constructed using the Python Multiavatar library (https://github.com/multiavatar/multiavatar-python). The library contains static avatars with face, hair, and shoulders. Selection can be based on a number of character features such as skin, color, outfit, eyes, hairs, hair color, or moods, see Figure 1 for examples of the avatars chosen in the present study. Selection of avatars followed the following rules: avatars from the library who had features such as hair coverage (e.g., hats) or dark glasses covering eyes were excluded as were unrealistic characters with untypical facial hair, eye patches, heart eyes, etc. Facial expressions of the avatars provided by the software include the six basic emotions happiness, sadness, fear, anger, surprise, or disgust. In addition, a range of complex social emotions could be randomly generated with the software by combinations of mouth and eyebrow styles. The characters of the avatar and their physical appearance (N = 20 in total, mimicking a full class) were shown from the front. The avatars were shown in sitting positions simulating a classroom setting (sitting behind desks), see Figure 1 for an illustration. Peer avatars representing classmates and the avatars representing self-avatars were taken from the same library, created according to the same principles and all avatars were visible to the learner during the class from a third-person perspective at a size of 200 × 200 pixels, see Figure 1 for an illustration. For self-selection of the avatars, a list of 170 different avatar characters was provided and the participants in the groups with self-selected avatars could pick one to best represent their identity including physical appearance or affective or cognitive character traits. For details and further illustrations, see also the conference proceedings in Herbert and Dołżycka (2022).




2.3 Assessment of the learner’s learning performance and learning experience


2.3.1 Learning performance and attention to the teacher

The learning performance was tested in a quiz. The quiz comprised multiple-choice questions. These contained questions that tested the learner’s performance on the content taught by the teacher. The quiz followed the online course immediately after its completion. In addition, the participants filled in quiz items that asked the participant to recall characteristics of the teacher. These items were used to determine the degree of attention paid to the teacher during the course.



2.3.2 Learning experience and preferences for online learning

The experience of the learner during online learning was assessed by self-report methods. These comprised standardized questionnaires and self-construed survey items, for an overview see Table 1. In addition, preferences of the participants about online teaching were assessed following the items recommended in previous studies (e.g., Muthuprasad et al., 2021). The questions asked for the previous preferences of the participants to study online in a virtual classroom or attend classes in presence. The questions were as follows: (1) Online classes help me comprehend the course material better compared to classroom learning, (2) I prefer to study online within a virtual classroom, (3) I feel I can focus better when I attend classes in person, (4) My test performance has increased since I am attending classes virtually, and (5) Online classes help me comprehend the course materials better compared to classroom learning. Answers could be given on a Likert scale [1 (“not at all”) to 5 (“at all”)].



TABLE 1 Overview of the research tools (software, survey items, and standardized questionnaires) used in the present study.
[image: Table1]

The learner’s experience with the pedagogical agent was assessed by a series of nine questions that could be answered on 11-point Likert scales ranging from 0 (“not at all/strongly disagree”) to 10 (“at all/fully/strongly agree”). The questions asked for the perceived degree of teacher presence. Teacher presence included aspects of cognitive presence and social presence and additionally asked for the degree of humanness or artificiality. Cognitive presence included questions asking for (1) the attention paid to the teacher, (2) the distraction of attention caused by the teacher, (3) improved comprehension of the course material elicited by the teacher’s presence, (4) the perceived interaction with the teacher, (5) willingness to interact with the teacher and (6) willingness to ask the teacher a question. Social presence was represented by a survey question asking for the degree of (7) attachment felt to the teacher and a free writing task (see below). The questions are consistent with previous survey-based measures that assessed teacher presence, cognitive and social presence with a series of 34 items (Arbaugh et al., 2008). In the present survey, the focus was on questions that specifically asked for the teacher. Therefore, the items from Arbaugh et al. (2008) were adapted and modified for the present purpose. For example, the survey items of cognitive presence elicited by the teacher was shortened from “the instructor provided useful information from a variety of sources that helped me to learn” [see Arbaugh et al. (2008) to “the teacher helped me to focus on the present course material,” see Figure 3 and Table 1]. Feelings of humanness included questions about (8) the artificiality of the teacher, and (9) the realism/humanness of the teacher (for an overview see Table 1 and Figure 3). Besides these questions, the participants could express and evaluate their feelings about the teacher and the course in a few words in a free writing task. In addition, they could evaluate their overall satisfaction with the course by giving grades on a scale from 1 to 5 for course evaluation (see Figure 1 for an overview of the full study design).

[image: Figure 3]

FIGURE 3
 Overview of the teacher questions concerning cognitive presence (elicited by the teacher) and social presence (elicited by the teacher) and their evaluation by the learners as obtained from the extended examination, for details see the Method section or the Results section. Numbers (x-aches) correspond to the item numbers. Y-aches represents the evaluation score (11-point Likert scales ranging from 0 to 10). Of note: Item three ranges from zero (“not distracted”) to 10 (“fully distracted”). Numbers in the bars represent mean scores of the participants.


The learner’s experience with self-avatars and peer avatars was assessed with a series of questions covering the following topics: (A) Representation of self by an avatar. (B) Representation of classmates by peer avatars. Questions from (A) were given to those participants who studied with a self-avatar. Questions from (B) were given to those participants who studied with peer avatars.

The questions in A asked for the sense of self-presence experienced by being represented by an avatar (see Table 1 and Figure 4). To this end, the standardized questionnaire by Gonzalez-Franco and Peck (2018) was used. Specifically, the items assessing agentic engagement were included to estimate the degree of felt self-presence (see Figure 4). Additionally, the participants were asked to evaluate the degree the self-avatar resembled their real physical appearance. The participants who could choose their avatar could additionally answer to which degree they enjoyed choosing their avatar (see Table 1 and Figure 4). Answers could be provided on 5-point Likert scales ranging from 1 (“strongly disagree”) to 5 (“strongly agree”). The questions in B asked for (1) the degree of other-presence, (2) the degree of attention paid to the peer avatars, (3) the degree of distraction elicited by the presence of others, and (4) the degree of motivation to learn harder with classmates compared to studying alone (see Figure 5). Moreover, the participants of the control group who were studying without any avatars (i.e., the experimental group 6 in Figure 1) were asked about their preferences as well, (e.g., 1) how they felt during studying alone, (2) how motivated they were to study and (3) if they would have preferred to study in class with classmates present (see Figure 5). The answers to these questions and those referring to (A) and (B) above were given on 11-point Likert scales (anchors: e.g., “strongly disagree/not at all” vs. “strongly agree/at all”).
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FIGURE 4
 Evaluation of the self-avatar by the participants studying with self-selected or preselected avatars for self-representation. Numbers (y-aches) represent the evaluation score (5-point Likert scales ranging from “strongly disagree” to “strongly agree”). Numbers (x-aches) correspond to the item numbers. Items 3 and 5 (highlighted with yellow lines) were given only to the participants studying with self-selected avatars. The star “*” illustrates significant differences, for details see the Results section.
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FIGURE 5
 Evaluation of other-presence and of its relevance for studying online. Comparison between experimental groups studying with and without peer avatars representing classmates. The star “*” illustrates significant differences. Numbers (x-aches) correspond to the item numbers. Of note: Item seven ranges from zero (“not distracted”) to 10 (“fully distracted”). The numbers in the bars represent mean values of the groups of participants.


Table 1 presents a full overview of the research tools and the survey of the online study as described in the Section 2.3.




2.4 Data analysis

Data analysis included descriptive and quantitative data analyses. Descriptive analysis included analysis of the distribution of the participants’ age, gender, familiarity with the topic, and previous preferences regarding studying online or face-to-face. Quantitative data analysis comprised parametric testing (repeated or univariate measures of variance, ANOVA) or non-parametric alternatives, e.g., for testing differences between experimental groups. Regarding parametric testing, p-values are reported corrected in case sphericity was not met using Greenhouse–Geisser, where appropriate. In addition, correlation analyses were performed (parametric: Pearson, two-sided, or non-parametric: Spearman-Rho or Kendal-Tau-b, two-sided, where appropriate) for examining the relationships between the outcome measures. Additionally, the analyses included calculations of Cronbach’s alpha for the survey questions asking about teacher presence and self-other presence to evaluate the internal consistency of these questions. Quantitative linguistic analysis was applied using Linguistic Inquiry and Word Count software (LIWC) (Pennebaker, 2001) for analysis of the free writing tasks in which the participants were asked to write about their course satisfaction and teacher evaluation. LIWC is a text analysis software that calculates from text a variety of linguistic markers based on the categorization of words according to semantic, emotional/affective, social, and other linguistic categories.

The statistical analyses were performed for the entire sample of participants (N = 133) (see Section 2.1.). Additional statistical analyses included comparisons between the study samples from the local and global recruitments that included the data (N = 68) from local and extended global recruitment (see Figure 1, and Section 2.1) and the data (N = 65) from initial analysis (Herbert and Dołżycka, 2022, PAAMS conference proceedings). The analyses of the full sample (N = 133) as well as the comparisons between the two datasets (N = 68 vs. N = 65) will help scrutinize the results from the initial analysis (Herbert and Dołżycka, 2022, PAAMS conference proceedings), verify results observed in the entire sample and aid replication. Statistical analysis was performed with the software package SPSS (https://www.ibm.com/de-de/spss). p-values are reported uncorrected to avoid too conservative correction of the results with only a few post hoc test comparisons, however, where appropriate corrected p-values are reported.


2.4.1 Research questions and hypotheses

In line with the research questions outlined in the Section 1.5., the following hypotheses were tested with the experimental design described above.



Research Question 1 (RQ1): Artificial pedagogical agent, avatar self-other representation and learning performance.


H1a: Significant correlations between the quiz performance asking for the content taught by the teacher and the questions determining the degree of attention paid to the teacher (see Table 1) would be expected if learning performance is modulated by the presence of the artificial pedagogical agent instructing the course material.

H1b: If the learning performance is modulated additionally by avatar-based self-other representation, significant differences between the experimental groups and the quiz performance would be expected.


Research Question 2 (RQ2): Artificial pedagogical agent, avatar self-other representation and learning experience.


H2a: Positive evaluations of the teacher for the questions asking for teacher presence (see Table 1) and significant positive correlations with the learner’s satisfaction with the course would be expected, if the artificial pedagogical agent has positive effects on the learning experience.

H2b: Significant differences between the participants in the different experimental groups who studied with or without self- or peer avatars would be expected, if self-other representation through avatars influences the learning satisfaction differently. Moreover, positive evaluations of the avatars for the questions asking for self-other presence (see Table 1) and significant positive correlations with the satisfaction with the course and the learner’s motivation to study online would be expected if the visual avatars representing the self and peers have positive effects on the learning experience.


Research Question 3 (RQ3): Relationship between learning performance and learning experience.


H3a: Significant relationships between the different outcome measures would be expected, if the artificial pedagogical agent facilitates both, the cognitive performance and the learning experience of the learner.

H3b: Significant relationships between the different outcome measures could be expected, if avatar-based self-other representation modulates both, the learning performance and the learning experience of the learner.


Research Question 4 (RQ4): Role of the learner’s previous experiences with and preferences for online learning.


H4: Significant correlations between the participants’ self-reported previous learning preferences with the learning performance or the learner’s satisfaction with the course could be expected if learning with the artificial pedagogical agent and self-other representation is related to previous teaching and learning experiences of the learners.
 





3 Results


3.1 Sociodemographic variables and previous experiences with online learning

The full participant sample (N = 133 participants) had a mean age of 25.59 years (SD = 9.23). In line with the inclusion criteria (see Section 2.1.), all participants were learners of neuroimaging. The majority of the participants (69%) reported little knowledge of neuroimaging (Mean: 1.53, SD = 0.68; Likert scale ranging from 1 to 5 with 1: no experience/learner vs. 5: advanced). Only 9% of the participant sample reported to have some neuroimaging knowledge. All participants were fluent in English.

As far as the previous learning experiences of the participants, as assessed with the standardized questions from Muthuprasad et al. (2021) are concerned, 28% of the participants (N = 133) reported preferring to study online (5-point Likert scale, answers 4–5). 8.3% of the participants (N = 133) denied this preference (5-point Likert scale, answer 1), whereas 64% of the participants (N = 133) had no particular preference (5-point Likert scale, answers 2–3). More than half of the participant sample (51.2% of N = 133, 5-point Likert scale: answers 1–2) replied that they did not comprehend the course material of their study better when attending previous classes online compared to traditional classroom learning. However, 66.1% of the participant sample (N = 133) replied that they feel they could focus better when attending previous classes in presence compared to attending previous classes online (5-point Likert scale: answers 4–5). In addition, 43% of the participant sample (N = 133) were uncertain about whether their learning performance has increased due to joining classes online previously (5-point Likert scale: answer 3). 6.8% of the participants (N = 133) fully disagreed with this question (5-point Likert scale: answer 1), whereas 10.5% of the participants (N = 133) fully agreed with this question (5-point Likert scale: answer 5).


3.1.1 Comparison of datasets

The familiarity with the topic (being a learner) as well as the self-reported learning preferences regarding previous experiences with online learning of the entire participant sample (N = 133) did not differ as a function of the self-reported gender (p > 0.05) nor correlate with the age of the participants (Pearson, p > 0.05). Moreover, did the previous experience with and preferences for online learning not differ between the six experimental groups supporting that assignment of the participants to the experimental groups was unbiased with respect to the previous experiences or preferences for online learning among the participants. A repeated measures ANOVA with “preferences” as within-subject factor and “experimental group” as between subject factor did not yield a significant “group” effect, F(5,127) = 2.12, p = 0.07, partial-eta squared = 0.078, or a significant “preferences” by group interaction effect, F(5,127) = 0.834, p = 0.53, partial-eta squared = 0.032. In addition, familiarity with the topic did not differ significantly across the participants of the six experimental groups. A one-way-ANOVA with the factor “familiarity” and the group factor “experimental group” did not yield significant group effects, F(5,127) = 1.749, p = 0.128, partial eta squared = 0.064.

In addition, the comparison between the data of the two subsamples of participants recruited during the different recruiting periods (N = 65 vs. N = 68) did not show significant differences in gender, F(1,132) = 0.182, p = 0.670, partial-eta squared = 0.001. Additionally, the comparison of the data of these two samples showed no difference in terms of the previous learning preferences and experiences of the participants. A repeated measures ANOVA with “preferences” as within-subject factor and a between-subject and group factor did not show a significant “preferences” by group interaction effect, F(5,127) = 0.834, p = 0.526, partial-eta squared = 0.032.




3.2 Artificial pedagogical agent, self-other representation and learning performance


3.2.1 Artificial pedagogical agent and learning performance

The participants achieved a high learning performance in the quiz (mean = 5.25, SD = 1.17, range: 0–6). The analysis of the items examining the learner’s attention to the teacher showed an overall good recall performance of the teacher characteristics among the participants (N = 133, mean = 1.86, SD = 0.429, range: 0–2). In line with Hypothesis H1a, the recall of teacher characteristics and hence, the degree of attention paid to the teacher during online learning correlated significantly with the performance in the quiz (N = 133, Kendall-Tau-b = 0.200, p = 0.014, two-sided).



3.2.2 Self-other representation and learning performance

The cognitive performance in the quiz did not significantly differ as a function of the experimental groups. As illustrated in Figure 6, the group with self-selected avatars and peer avatars (experimental group 3 in Figure 1) showed the lowest quiz performance. In the one-way ANOVA containing the factor “quiz performance” as the main factor and “experimental group” as between-subject and group factor, the factor “experimental group” was not significant, F(5,127) = 2.032, p = 0.078, partial-eta squared = 0.074. In addition, pairwise comparisons comparing the performance among experimental groups showed no significant differences between the groups when corrected for multiple comparisons (Bonferroni). Also, non-parametric testing yielded no significant differences between experimental groups [Kruskal-Wallis, H(5) = 7.611, p = 0.179]. Recall of teacher characteristics and hence, the degree of attention paid to the teacher was lower in the group with self-selected avatars and peer avatars (experimental group 3 in Figure 1). Again, a one-way ANOVA, F(5,127) = 1.898, p = 0.099, partial-eta squared = 0.070 showed no significant effects of the factor “experimental group.” Moreover, individual comparisons between the experimental groups showed that recall scores of the six experimental groups were not significantly different from each other when corrected for multiple comparisons (Bonferroni). Likewise non-parametric testing yielded no significant differences in recall of teacher characteristics and hence, the degree of attention paid to the teacher between the experimental groups (Kruskal-Wallis, H(5) = 9.215, p = 0.101).
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FIGURE 6
 Learning performance (left column) and attention paid to the teacher (right column) as obtained from the quiz and the recall items of teacher characteristics.




3.2.3 Comparison of datasets

The learning performance assessed by the quiz did not differ between the datasets of the two subsamples, F(1,131) = 2.275, p = 0.134, partial-eta squared = 0.017 (non-parametric: Mann-Withney-U (133) = 2060, p = 0.448). Recall of teacher characteristics and hence, the degree of attention paid to the teacher was lower in the dataset (N = 68) compared to the dataset (N = 65), but the difference was not statistically significant F(1,131) = 0.083, p = 0.774, partial-eta squared = 0.001 (non-parametric: Mann-Withney-U (133) = 2.281, p = 0.563). In addition, the analysis of each of the datasets separately did not yield different results. In both datasets, quiz performance was positively correlated with the degree of attention paid to the teacher [recall scores, N = 68: Kendal-Tau = 0.263, p = 0.024; N = 65, see Herbert and Dołżycka (2022)]. Furthermore, quiz performance and attention paid to the teacher (recall scores) did not significantly differ as a function of the experimental groups in both datasets [N = 68: quiz performance: Kruskal-Wallis H(5) = 1.252, p = 0.940; attention to the teacher as assessed by recall: H(5) = 4.835, p = 0.436; N = 65, see Herbert and Dołżycka (2022)]. Thus, the comparisons of the two datasets support the results observed in the entire sample (N = 133). Taken together, the analyses support hypothesis H1a, and yield no evidence that self-other representations through avatars significantly modulated learning performance differently or beyond that of studying with the artificial pedagogical agent (H1b).




3.3 Artificial pedagogical agent, self-other representation and learning experience


3.3.1 Artificial pedagogical agent and learning experience

The degree of attention paid to the teacher, as measured by recall scores in the entire sample (N = 133) correlated positively with the satisfaction of the participants with the course (r = 0.233, p = 0.015). In addition, Figure 3 illustrates the evaluations of the teacher by the participants (N = 37) for the additional questions included in the extended assessment that asked for teacher presence (see Table 1). The analysis of the internal consistency of the questions (teacher presence) revealed good internal consistency for the six questions asking for cognitive presence elicited by the teacher (Cronbach’s alpha =0.680). Internal consistency improved after removal of one question (question: distraction, Cronbach’s alpha =0.745). Comparisons of the questions related to the cognitive presence elicited by the teacher showed that attention paid to the teacher and the degree to which the teacher was perceived as a help to focus on the course material were evaluated significantly higher than the additional questions about teacher-learner interaction (repeated measures ANOVA, F(5,36) = 22.56, p = 0.001, partial-eta squared = 0.385).

Overall, this supports the hypothesis H2a, that teaching with the artificial pedagogical agents was positively related to the learner’s learning experience, especially by eliciting cognitive presence and improving learning satisfaction.

The social presence elicited by the teacher, i.e., the degree of attachment felt towards the teacher was on average evaluated significantly lower than the mean (Mean = 5.5, t-test for one sample t(36) = −5.216, p < 0.001; Cohen’s d = 1.970), see Figure 3. The effect size showed a weak effect. Additionally, the participants evaluated the artificiality of the pedagogical agent higher than its humanness, F(1,36) = 4.126, p = 0.050, partial-eta squared = 103. According to correlation analyses (Spearman-Rho), the participants’ evaluation of the cognitive presence and social presence (attachment to the teacher) were unrelated to their evaluations of whether the teacher was a human teacher or a pedagogical agent (p > 0.05). The observations obtained from the full participant sample in the free writing task in which the participants could report what they liked or disliked about the course including the teacher showed that only 27 subjects of the N = 133 participants explicitly stated that they did not like the teacher (e.g., the voice or other characteristics of the teacher). Linguistic analysis of the teacher characteristics revealed that participants (N = 133) used more positive (M = 3.82, SD = 6.959) than negative words (M = 1.00, SD = 3.045) for the description of the teacher, F(1,132) = 17.293, p < 0.05, partial-eta squared = 0.116.



3.3.2 Self-other representation and learning experience

Regarding self- and other-presence in the entire sample of participants (N = 133), the overall satisfaction with the course did not significantly differ between the experimental groups, irrespective of whether the participants studied with self-avatars, with peer avatars, with both or with no avatar [Kruskal-Wallis: H(5) = 3.66, p = 0.59]. Analysis of the standardized questionnaire items assessing the degree of agentic engagement (Gonzalez-Franco and Peck, 2018) elicited by avatar-based self-representation showed that the more or the less the avatar representing the learner was perceived as a mirror of the self, the more or the less it was perceived as a means of self-expression (Spearman-RHO, r = 0.431, p < 0.001). In addition, the more or the less the avatar representing the learner was perceived as a mirror of the self, the more or less it was perceived as having realistic features (Spearman-RHO, r = 0.295, p = 0.007) and as a physical resemblance of the self (Spearman-RHO, r = 0.735, p < 0.001). As shown in Figure 4, the participants who could self-select their avatar differed significantly in their evaluation of agentic engagement from the groups of participants with preselected self-avatars. In a repeated measures ANOVA with the factor “agentic engagement” as within-subject factor and the between-subject group factor “avatar choice” (self-selected vs. preselected), the group factor was significant, F(1,81) = 8.820, p = 004; partial-eta squared = 0.098. As shown in Figure 4, compared to the groups of participants who studied with preselected self-avatars, the groups of participants who could self-select their avatar evaluated their avatar significantly higher as a mirror of themselves, [t(81) = 2.771, p = 0.003, Cohen’s d = 0.611]. They agreed more that the avatar was a great means of self-expression [t(81) = 2.353, p < 0.001, Cohen’s d = 0.513], and they would use such an avatar again in other online teaching environments [t(81) = 2.809, p = 0.003, Cohen’s d = 0.619]. Additionally, they reported that self-selecting the avatar was fun (see Figure 4). However, both groups did not differ in their evaluation of the questions whether the avatar they studied with had realistic features, p > 0.05. Also, the evaluation of the question that their avatar resembled the own real physical appearance [t(81) = 2.265, p = 0.013, Cohen’s d = 0.499] was not significantly different between the two groups after Bonferroni correction (p = 0.65). Internal consistency of the questionnaire items filled in by all groups who studied with self-avatars showed a Cronbach’s alpha of 0.813.

Among the participants who studied with peer avatars, self-reported feelings of other-presence were positively correlated with the self-reported degree of attention paid to the peer avatars (Spearman-RHO, r = 0.789, p < 0.001) and negatively correlated with the degree to which the avatars distracted the attention away from the course (Spearman-RHO, r = −0.637, p = 0.003). In addition, the degree of felt other-presence was positively correlated with the self-reported motivation to attend the class (Spearman-RHO, r = 0.500, p = 0.029). The Cronbach’s alpha for these four items was high, (Cronbach’s alpha = 0.919) and did not improve or worsen after removal of any of the items, supporting high internal consistency of the questions asking for avatar-based other-presence.

Moreover, the participants who studied with peer avatars showed significant differences in the questions asking for preferences and the motivation to study with peers when compared to participants who did not have peer avatars. As shown in Figure 5, participants who had no peer avatar had a stronger preference to feel other-presence compared to the participants who studied with avatars representing peers (Kruskal-Wallis, H(1) = 12.519, p < 0.001). In addition, they reported that studying with peers would have made them significantly more attentive to the course compared to the evaluations of this questions by the participants who studied with avatars representing peers [Kruskal-Wallis, H(1) = 7.184, p = 0.007]. They also reported that studying with peers would have made them significantly more motivated compared to the evaluations of this questions by the participants who studied with avatars representing peers [Kruskal-Wallis, H(1) = 4.041, p = 0.044]. However, the latter difference showed no significance after Bonferroni correction. In line with these evaluations, among the participants who studied with peer avatars, the felt presence of others correlated negatively with the learner’s self-reported attention to the course (Spearman-RHO, r = −0.595, p = 0.007). Moreover and in line with these observations, felt other-presence was positively evaluated to increase the motivation to study online, however, it was not evaluated as helpful for focusing one’s attention to the course material during the online course.

Taken together, self-other representation through avatars did not significantly influence the learning satisfaction in line with hypothesis H2b, and had both, positive and negative relationships with measures of the learners’ perception of their learning performance and experience.



3.3.3 Relationship between learning experience and learning performance: role of teacher presence or self-other presence

Learning performance in the quiz and the satisfaction of the participants with the course were correlated, i.e., the better the learning performance the higher the satisfaction (N = 133, Pearson, r = 0.185, p < 0.045). Moreover, quiz performance and satisfaction with the course correlated with the recall of teacher characteristics, and hence, the attention paid to the teacher during the course (see 3.2.1 and 3.3.1). Quiz performance or satisfaction of the participants with the course showed correlations with the answers to the questions asking for teacher presence. Correlation analyses showed that the learner’s satisfaction with the online course correlated positively with the learner’s willingness to interact with the teacher (Spearman-Rho: r = 0.645, p < 0.001) and to ask the teacher questions (Spearman-Rho: r = 0.449, p < 0.001). Quiz performance was positively correlated with the degree of artificiality of the teacher: the more the learners believed the teacher was an artificial agent, the better the quiz performance (Spearman-Rho: r = 0.389, p < 0.017).

Thus, regarding hypothesis H3a, the results suggest that teaching with pedagogical agents contributes to the factual learning performance and the satisfaction with online learning of the learner via the learner’s attention paid to teacher and additionally by the learner’s evaluation of cognitive presence as an aspect of teacher presence.

Regarding self-other presence, quiz performance and learning satisfaction were uncorrelated with the degree of felt self-presence assessed with the questions asking for agentic engagement (3.3.2), all p > 0.05. Felt other-presence correlated negatively with the factually achieved quiz performance (Spearman-RHO, r = −0.540, p = 0.017).

The results suggest that the perceived self-presence elicited through avatar presentation is unrelated with the learning performance or learning satisfaction of the learners. Increased feelings of other-presence might facilitate the motivation to study online but impact learning performance negatively (see Hypothesis H3b).



3.3.4 Role of the learner’s previous experiences with online learning

Self-reported previous experiences and preferences for studying online or in presence (see 3.2.1) were unrelated with the quiz performance (N = 133, Pearson or Spearman-RHO, p > 0.05). Regarding the hypothesis H4, previous experience did not differ significantly between the experimental groups or datasets (see 3.1.1.).





4 Discussion

Previous studies have examined the effectiveness of pedagogical agents or the role of virtual self-other representation in online learning (see Introduction). The present study and its results support and extend a number of the findings reported in the literature.


4.1 Role of the pedagogical agent in the context of teacher- and self-other presence

The results suggest that learning performance and the learning experience of the learner are related to the presence of the artificial pedagogical agent as teacher. Learning outcome as measured by quiz performance was positively related to the visual attention paid to the teacher (as measured by test items and correct recall of visual characteristics of the pedagogical agent). This was observed in the full sample of participants (N = 133) regardless of which experimental conditions (studying with the pedagogical agent with or without self-avatars or peer avatars) the participants were assigned. In previous studies, the effects of pedagogical agents were often compared to a control condition of studying online without agents or with a real teacher (see Section 1.3. in the Introduction). The present findings extend these previous observations to comparisons of effects elicited by a humanoid artificially generated pedagogical agent in the context of teacher- and self-other presence. The pedagogical agent was presented in 2D, was present on each slide of the course material and acted as an instructor. The artificial agent’s voice was experimentally supported by gestures, facial expressions, and eye contact to facilitate the simulation of direct communication, although there was no direct interaction between learner and instructor during online learning.

It has been discussed if pedagogical agents due to their humanness in appearance or their perceptual or cognitive complexity and functionality could impose cognitive demands on the learner (e.g., Dai et al., 2024; Schroeder, 2011; Schroeder et al., 2013; Tao et al., 2022; Yusuf and Noor, 2023). However, recent research suggested that 2D pedagogical agents, especially when added onscreen to the teaching material can improve learning performance (Wang et al., 2017) and in terms of their non-verbal communicative characteristics have a positive effect on learning performance. This should hold when the agent is visually presented as an instructor on the slides, although no direct verbal interaction between learner and instructor takes place during online learning (e.g., Wang et al., 2017; Peng and Wang, 2022). The present study that refrained from allowing verbal interactions between the pedagogical agents as the teacher and the learner provides further empirical support for these observations and assumptions.

Moreover, the present results suggest that the humanness of the pedagogical agent may not affect the learning performance or the experience and satisfaction of the learner with online learning negatively. Theoretically, it has been proposed that a high degree of humanness could lead to confusion (see the so-called uncanny valley hypothesis, Mori, 1970) or that with respect to cognitive load “less could be sometimes more” in terms of core features of the virtual agents (for a discussion see also, e.g., Dai et al., 2024). However, as proposed and observed recently, confusion by humanness appears particularly when tasks are shared between humans and virtual agents (e.g., Mishra et al., 2022) which was not the case in the present study. Moreover, the participants evaluated the artificiality of the pedagogical agent higher than its humanness. As was proposed theoretically (Sweller, 2011; Mayer, 2014), during learning, cognitive load is induced especially by information not related to the content because it can distract attention and interfere with the learning process (for a discussion see Dai et al., 2024). In the present study, the quiz performance that tested the correct recall of the content of the course and the recall of teacher characteristics that tested the degree of attention to the teacher were positively related. Moreover, in the questions about teacher presence, there was no indication that participants felt distracted by the teacher. The relationship between measures of the learning performance (recall in the quiz) and attention paid to the teacher (recall of teacher characteristics) was found for the entire participant sample (N = 133) as well as when datasets were split into two subsamples that did not differ in terms of the assignment of participants to experimental groups. Furthermore, when asked about teacher presence, the participants evaluated these questions positively as was revealed specifically for the questions about the degree of cognitive presence elicited by the teacher during the course. Questions that asked for cognitive presence of the teacher achieved good internal consistency. The answers showed that participants self-reported to have paid attention to the teacher and the teacher was a help for the comprehension of the course material. Moreover, the learner’s feelings of interaction with the teacher were positively correlated with their course satisfaction and satisfaction of the learners with the course positively correlated with their learning performance. Positive teacher evaluations were also found in the sentiment analysis of the free writing task. Linguistic inquiry of word count as performed with the LIWC software (Pennebaker, 2001) suggested that the participants had an affectively positive evaluation of the pedagogical agent in the role of a teacher and instructor although overall the degree of attachment felt towards the teacher was evaluated as moderate and below the mean. As mentioned, there was no real interaction between the agent and the learners. Therefore, it could be expected that with regard to the different dimensions of teacher presence assessed in the present study including cognitive presence, social presence and humanness, cognitive presence evoked by the teacher should be more pronounced than social presence such as the learner’s feelings of attachment to the teacher. Theoretically, cognitive presence is related to any aspect in a learning environment that empowers students to construct meaning and understanding. It has been highlighted as an important aspect for promoting educational experience and learning success in virtual learning environments (Garrison and Anderson, 2003; and for a discussion, e.g., Sadaf et al., 2021). The present observations additionally align with findings from online teaching that compared the relevance of teacher presence for social presence and cognitive presence by determining the learners’ perceptions thereof (for an overview and discussion see, e.g., Annand, 2011). As discussed in Annand (2011), the results from these studies suggest that teacher presence and its ability to facilitate the learner’s cognitive presence might be considered more relevant than the teacher’s ability to elicit social presence. Furthermore, the present results suggest that teaching with a humanoid pedagogical agent can modulate the learner’s learning performance and learning experience independently of the self-other presence simulated by the avatars of the learner or those of the peers.



4.2 Role of self-other presence in the context of online learning with pedagogical agents

Self-other representation of the learners through avatars did not modulate the learning performance or the learner’s attention to the teacher. Performance and attention were not significantly different between the experimental groups although the experimental groups differed in the degree of self-other representation and comprised conditions in which the learner could study with self-avatars and peer avatars or without any virtual and symbolic self-other representation (see Figure 1). Only the participants who studied with self-selected avatars and peer avatars showed a lower quiz performance and lower attention to the teacher as opposed to the other experimental groups (see Figure 6), but effects and between group comparisons were not significant. Recent studies suggest that viewing oneself may contribute to reduced memory for the content during online learning (Tien et al., 2023). However, other studies report better learning performance in online learning when the learners can represent themselves by avatars (Ratan et al., 2022), especially when the avatars mimic the learner’s actual self as opposed to the learner’s ideal self or future self (Ratan et al., 2022). The present study does not support the hypothesis that the mere presentation of self-avatars decreases or increases the learning performance or influences the learner’s attention to the teacher differently. If this were the case, the experimental groups in which participants were able to select the avatar for self-representation or learned with preselected self-avatars would significantly differ from the groups of learners where peer avatars were also present or no avatars were present. The participants who could study with a self-avatar reported that studying with the avatar was a great means of self-expression. The degree of self-expression was evaluated higher in those participants with self-selected avatars than in the participants with preselected avatars (see Figure 4). The evaluations of the participants with self-selected avatars were higher compared to the groups who studied with a preselected self-avatar. None of the evaluations among these participants were, however, significantly related to their learning satisfaction or their factual quiz performance.

However, in contrast to the evaluations of studying with self-avatars, the evaluations of felt other-presence correlated negatively with the participants’ self-reported attention to the course suggesting that peer avatars can distract attention away from the course. This evaluation of the learners was found albeit studying with peer avatars was positively related to the self-reported motivation of the participants to attend the class.

The evaluations about other-presence are also interesting in comparison to the evaluations of the participants who were studying without avatars. Participants who studied without avatars reported that they would have preferred to study with classmates and that presence of peers might help focus on the course. Compared to these participants, participants who studied with peer avatars evaluated the relevance of peers as significantly lower for focusing one’s attention during the online course (see Figure 5). This discrepancy between the preferences for other-presence of learners who studied without peers and the evaluation of other-presence in those learners who studied with peer avatars might point to a bias in the perception of the learner. These biases suggest that learners might overestimate the relevance of peers for studying online. Observations of college and university students’ behavior in online teaching support this overestimation bias. Many students prefer to study anonymously during online classes (Reilly et al., 2012), e.g., preferring black screens with initials as the norm for self-other representation. However, the representation of self and classmates by avatars might become especially relevant for learning performance in interactive teaching during which the course material stimulates students to interact with each other and work jointly together. This would support previous findings that found a significant influence of peer interaction during video-based learning (Yuan and Gao, 2024) irrespective of the type of representation (real versus comic) avatars.

In summary, the results of self-other representation through avatars do not support the hypothesis (see hypothesis H2b) that virtual self-other presence would affect learning performance or learning satisfaction differently when at the same time an artificially generated agent is present as teacher and acting as an instructor. However, the results are well in line with a relationship between self-other presence and learning experience (see hypothesis H3b) that suggests that self-other representations play an important role for achieving a positive online learning experience, facilitating the learner’s emotions (fun) via sense of self-presence and their motivation to study online via sense of other-presence. A growing number of studies suggest that the learner’s previous preferences, experiences and expectancies towards online learning including the learner’s readiness for online learning can affect the learner’s expected learning performance and satisfaction (e.g., Joosten and Cusatis, 2020; Landrum et al., 2021; Wei and Chou, 2020). Control of the learner’s previous experience with online teaching as well as the learner’s preferences for attending classes in person or online suggests that in the present study, these factors did not influence the learner’s learning performance or the learner’s evaluation of or attention to the pedagogical agent or the avatars.




5 Conclusion: limitations and future outlook

Although the study is one of the few studies to date to address the effectiveness of artificially generated humanoid pedagogical agents and self-other representation through avatars in the same study design and with multiple learning outcome measures in adult learners, the study has limitations. Therefore and as already explained above, the findings may apply to only specific conditions of online learning and should not be overgeneralized. However, as indicated in the following, the findings and their limitations can serve as a catalyst for future research attempting to study the effects of artificially generated pedagogical agents on learning in the context of self-other presence and vice versa. In summary, the discussion of the limitations of the study can be divided into four main categories. These are related to learner characteristics, the format and content of the online course, the study design including agent- and avatar representation as well as the type of performance measures.

Concerning learner characteristics as well as the format and content of the online course, the participant sample comprised beginners with little knowledge about the topic. In line with this, the topic was an introductory course. Furthermore, the introductory course on neuroimaging was a topic of STEM (areas of science, technology, engineering and mathematics), in line with most previous research (see Introduction). Neuroimaging is a topic for online learning because, as a topic from STEM, it involves different types of knowledge that require from the learner the understanding, comprehension, and application of basic principles of neurophysiology, physics, signal processing, and computation. These topics are relevant to a range of academic disciplines and allow the recruitment of a wide range of learners from different disciplines. Consequently, the selection of too homogeneous groups of learners could be avoided in the present study. In line with this, there were no restrictions of inclusion criteria for study participation with respect to country, subject, discipline or academic institution unless being a learner and little familiar with the topic and speaking English, English being the academic language worldwide. Although selection of less homogeneous groups of learners and a broad recruiting strategy can be considered a strength of the present study, the participant sample was not equally matched for gender. In total, more women than men took part in the study. Comparisons between the participants’ self-reported gender did not reveal any significant effects in the present study. However, gender effects have been reported in previous studies on online learning with respect to, for example, preferences for different learning styles or different teaching formats, access to STEM online courses or the learner’s preparedness or readiness for online learning (e.g., Idrizi et al., 2023; Scherer et al., 2023). Therefore, gender- and additionally cultural differences between learners could be explored further in future studies using similar broad recruiting strategies as in the present study and gender- and culturally diverse samples of learners.

In addition, differences in the learner’s attitudes toward online teaching have been reported to influence outcome variables of online learning in previous studies (e.g., Cuadrado-García et al., 2010; Dunn and Guadagno, 2012). Control of the learner’s previous experience with online teaching showed that all the participants were beginners not familiar with the topic taught by the pedagogical agent, and reported a preference to study in presence as opposed to studying online. This is suggestive of low self-efficacy expectations about online learning among the participants of the participant sample. Previous studies suggested that artificially generated humanoid pedagogical agents that are equipped with a “lifelike” or “persona” character can foster the learning process (for an overview and discussion see, e.g., Tao et al., 2022) and in the present study, this could be particularly relevant for students with low self-efficacy expectations about online learning.

The online material followed the principles pointed out by instructional design methods (Mayer, 2021). Moreover, the course duration and the content taught by the pedagogical agent followed the recommended format structure and length of online teaching blocks to reduce unnecessary cognitive processing that would impose additional cognitive demands on the learner (see Dai et al., 2024). Therefore, the learner’s perception of the artificially generated humanoid pedagogical agent and its impact on the learning performance might change, if the learner repeatedly takes part in similar courses with the same pedagogical agent or if the course duration will be increased. This could be tested in future studies, as only a few longitudinal studies exist.

In addition, the embedding of the pedagogical agent into the course material as well as its behavior as teacher interacting with the material was designed to be in accord with basic instructional design principles and recommendations from recent meta- and review studies (e.g., Dai et al., 2024; Tao et al., 2022: Wang et al., 2017). In line with these, the agent was a humanoid pedagogical agent. It had a human and realistic character presented in 2D and behaved as an instructor promoting cognitive processing, comprehension, and understanding of the learner by modulating the voice, intonation, and facial expression in temporal and spatial contiguity with the material (centering the avatar on each slide in line with the text). Therefore, the present results may hold only for humanoid artificial agents that are designed with considerations of these design aspects mentioned before.

Regarding the gender of the pedagogical agent, a female gender was chosen. Previous studies report a gender-teacher bias based on general expectations, beliefs, or stereotypes that a particular gender would perform better as a teacher or learner on a particular topic (for an overview see Tao et al., 2022). However, as concluded by Tao et al. (2022), current observations across studies do not provide conclusive confirmation that an agent’s gender modulates learning outcomes in a particular direction. This might in part be due to design characteristics of previous studies. The embedding of humanoid pedagogical agents acting as instructors is becoming increasingly popular in many areas of education, including teaching with multimedia designs (Lane and Schroeder, 2022). Therefore, in extension to previous studies and the present study, future studies could more systematically compare the effects of the agent’s gender in conjunction with other human factors such as the age, particular personality traits or the cultural background of the agent and the learner.

Regarding the study design, all participants studied the course material with the pedagogical agent. Comparisons of results of two subsamples (N = 68 vs. N = 65) did not yield different observations in the two subsamples and analysis of each subsample confirmed the results of the pedagogical agent and self-other representation on the learning performance and learning satisfaction observed in the full study sample (N = 133). Nevertheless, in future research, it would be interesting to compare the results with a control condition in which participants would learn without a pedagogical agent, similar to the manipulation of the experimental conditions for self-other presence. Consistent with this advancement, future research could additionally investigate the role of very abstract representations in more detail. Studies for example have shown that the mere representation of one’s identity by the subject’s own name can elicit feelings of ownership because of the salience and self-relevance of one’s name automatically eliciting a capture of attention (Alexopoulos et al., 2012). In the present study design, not only the experimental groups with avatars but also the participants assigned to the control condition (studying with the pedagogical agent only) could choose a nickname for self-representation that personalized the course to them. It could be examined in future studies whether even very abstract representations of the self, similar to the abstract representation of others, already elicit self-presence and contribute to social belonging. Although this would increase the need for larger sample sizes, this could be further explored by adding additional experimental conditions with and without nickname choice to the present study design.

Finally, previous studies suggest that the learner’s emotions and attachment to the learning environment can influence the learning process (e.g., Segaran et al., 2021). Achievement emotions such as enjoyment, hope, pride, relief, anger, anxiety, shame, hopelessness, and boredom during class play an important role in academic online learning (Hoferichter et al., 2022; Wu and Yu, 2022) because they can significantly modulate the learner’s motivation and learning performance (Schutz and Pekrun, 2007). Achievement emotions such as enjoyment are elicited when the learning context is experienced as controllable and valuable and hence, when the learner feels competent to master the learning material. In the present study, especially choosing the own avatar elicited joy. Analysis of the emotionality towards the teacher revealed that positive emotions were expressed more often than negative emotions in the free writing task. The participants also evaluated attachment to the teacher. Estimation of effect sizes regarding this social dimension of teacher presence yielded only a small effect size compared to the effects obtained for the measures of cognitive presence elicited by the teacher. The emotionality towards the peer avatars was not directly measured. Moreover, as reported above, the analysis of the learner’s experience included only a subsample of the participant sample. Furthermore, the pedagogical agent and avatars were not specifically designed to experimentally manipulate their emotionality, nor were achievement emotions or the effects of the agent and avatars on them directly examined in the present study. Nevertheless, the learner’s achievement emotions (Pekrun et al., 2009, 2011) could affect the learner’s perceptions and feelings towards the teacher and classmates in online learning and modulate the learner’s effort and performance (for a discussion, e.g., Chien et al., 2022).

Several outcome measures targeting the learner’s experience were already included in the present study. Nevertheless, in future studies, it could be interesting to include additional affective outcome measures to further investigate affective and emotional aspects of the agents and avatars and their importance as predictors of online learning (Beege et al., 2023). This could help achieve a better understanding of the relationship between affective and cognitive human factors in the design of agents and the learner’s perception of it. Given the increasing interest in this topic (for reviews, e.g., see Wong and Adesope, 2021), this could be especially further explored in the context of teaching with educational chatbots (Yin et al., 2024) or affective pedagogical agents (Wang et al., 2024). These agents could be not only artificially generated as in the present study but powered by generative AI or include interactive conversational agent systems (for an overview of generative AI in education, e.g., Bozkurt, 2023).

Methodologically, multi-method approaches that include standardized questions and text analysis methods in addition to standardized questionnaires could be very efficient additional research tools for decoding the learner’s emotions, implicit beliefs, and preferences of artificially generated pedagogical agents, and their influence on learning performance and learning experience in online lessons. The assessment of the learner’s AI literacy and competence could provide further insights into interindividual learner characteristic that could modulate effects (e.g., Çelebi et al., 2023; for an overview, e.g., Laupichler et al., 2022).

Despite a wealth of research on pedagogical agents, as pointed out by Dai et al. (2024) or Fink et al. (2024) there are only a number of studies that used artificially generated pedagogical agents (e.g., for an overview and discussion, see the recent meta-analysis of Dai et al., 2024). Therefore, the present study is still one of the few studies that aimed to combine research on artificially generated pedagogical agents with research on self-other representation of the learners (Yuan and Gao, 2024). Therefore, further investigations are needed into the specific conditions under which artificially generated humanoid pedagogical agents can promote the learning process when combined with self-other representation and vice versa.
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